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E D I T O R I A L

Fifty Years of Advocacy With Connections
and Collaborations in Pediatric Rheumatology

Patience White, MD, MA, MACR, MACP, FAAP

Advocacy is the act of supporting a cause to raise aware-

ness, influence decisions, and create positive change locally or

nationally. It is standing up for something you are passionate

about, helping others understand its importance, and including

the action to move forward. The definition describes the many

champions who have grown the pediatric rheumatology (PR) field

to become what it is today, a vibrant pediatric subspeciality caring

for youth, young adults with rheumatic diseases, and their families

through innovative care and research. This author admittedly will

not be able to mention all who labored to help children with arthritis

or the field of PR nor will this be a global history of the advocacy for

the PR field but will mention some landmark events focusing mainly

on the US events and some of the key players in the US, Canada

and Europe through the decades from the 1940s to the early

2020s. Each decade starts with context of federal laws that

assisted the PR community. In addition, each decade will review

many of the major PR community champions through positions

held, major awards won, or actions taken to move the PR field for-

ward. Throughout the 50-year history of PR, there are several key

entities that collectively offered major support for the growing PR

field: March of Dimes (MOD), Shriners Hospitals, Maternal and

Child Health Bureau (MCHB), Department of Health and Human

Services, the Arthritis Foundation (AF) and American Juvenile Arthri-

tis Organization (AJAO), CureJM, the American Academy of Pediat-

rics (AAP) and the American College of Rheumatology (ACR), the

US Food and Drug Administration (FDA), and the National Institute

of Arthritis and Musculoskeletal and Skin Disease (NIAMS) of the

NIH. Connections and collaborations are a key feature of the PR

field as exemplified by these important supporting organizations

and the outlined advocacy presented in this chapter.

1940s-1950s

There is no specific date one can look to for the start of

PR. Appreciation for pediatric rheumatic diseases started back

to the late 19th century,1 and PR emerged as an area of clinical

care and research with the establishment of a unit at the Canadian

Red Cross War Memorial Hospital at Taplow in England directed

by Professor Eric Bywaters in 1947. In the 1950s, Drs Barbara

Ansell and Eric Bywaters collaborated on developing an interna-

tional center using a multidisciplinary model of care.2 Several

American rheumatologists imbued by the enthusiasm of Dr Ansell

trained at Taplow over the years: Drs John Baum, James Cas-

sidy, Chester Fink, Virgil Hanson, Ross Petty, Jane Schaller, and

PatienceWhite. In the US, the AF was founded in 1948 with a goal

to act on the challenges of arthritis through a national program to

fund better care and medical research. The first issue of the jour-

nal Arthritis and Rheumatism, a major journal about rheumatic dis-

ease, was published in 1958.
Dr Earl Brewer, who many identify as the founding net-

worker and driver of PR in the US, said he learned about chil-

dren with arthritis in his residency. In 1959, he returned to

Texas Children’s Hospital and established a clinic where phys-

ical therapy rather than putting children with arthritis to bed rest

was established as an approach to therapy in the US. Other

early leaders in the PR field were Drs Jim Cassidy (Ann Arbor,

Michigan), Joseph Levinson (Cincinnati, Ohio), Chester Fink

(Dallas, Texas), Virgil Hanson (Children’s Hospital, Los

Angeles, California), J. Sidney Stillman (Boston, Massachu-

setts), and Jerry Jacobs (Columbia, New York City).3 All estab-

lished outstanding PR programs that flourish today and train

many pediatric rheumatologists.
In 1958, Dr William Clark took over MOD when they were

looking for a new disease to tackle after polio. At a pivotal meeting

with Dr Brewer and other rheumatologists in Nashville, Tennes-

see, in 1959, Dr Clark quickly moved to establish Special Treat-

ment Centers for juvenile rheumatoid arthritis (JRA) under the

auspices of MOD. The first three centers were awarded to Drs

Earl Brewer at Texas Children’s Hospital, Joe Levinson in Cincin-

nati, and John Calabro in New Jersey. In 1959, Nelson’s

George Washington University School of Medicine and Health Sciences,
Bethesda, Maryland.
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Textbook of Pediatrics, seventh edition, first included a dedicated
chapter on childhood rheumatic diseases by Ralph Wedgwood.

1960s

The 1960s saw the passage of Medicaid in 1965 that repre-
sented a major shift in the insurance of health care for maternal
and child populations. Although Medicaid focused on payment,
Title V filled an important gap by assuring that systems of care
were in place to support maternal and child health.

In 1964, the American Rheumatism Association (ARA)
appointed the JRA Subcommittee of the Classification Commit-
tee. Dr Marian Ropes, then President of the ARA, appointed Dr
J. Sydney Stillman from Boston to be chairman of the first JRA
Criteria Subcommittee to study classification. Dr Earl Brewer
was the next chairman followed by Dr Jim Cassidy. The other
members of the committee were Drs Chester Fink (Dallas), William
Gibson (Columbus), Jack Bass (Columbus), Jerry Jacobs (New
York City), Milton Markowitz (Baltimore and Hartford), William
Reynolds (New York City), Jane Schaller (Seattle), and Stanley
L. Wallace (Brooklyn). The resulting data collected allowed prepa-
ration of “JRA Criteria” published in 1972.4

The American Rheumatology Health Profession (ARHP)
organization that today is the Association of Rheumatology Pro-
fessionals (ARP) was created at the time the ARA and the AF
merged in 1965. The ARHP remained with the AF when the ARA
left to create an independent organization, the ACR, in 1986. Dr
Joe Levinson led the committee to organize the AF’s Paramedical
Section. Seven charter members were Joyce Corderoy, OTR,
Judith Klinger, OTR, MA, Edith Shear MSW, Marlin Shields, RPT,
David Wayne Smith, DEd, Addie Thomas, ASCW, and Berthold
Wolf, PhD.

1970s

The National Arthritis Act of 1974 established the National
Commission on Arthritis and Related Musculoskeletal Diseases
to create a long-range, comprehensive national plan for combat-
ing arthritis that resulted in a long-term federal approach including
the creation of the National Institute for Arthritis and Musculoskel-
etal diseases in 1986. In 1975, the MCHB took the lead in funding
the first Regional Arthritis grant for three PR centers (Houston,
Philadelphia, and Los Angeles).

In 1972, many advocates pushed Congress to designate
May as National Arthritis Month, which has occurred every May
since. In 1970, Dr Brewer published the first book on JRA.5 In
1973, Dr Brewer created The Pediatric Rheumatology Collabora-
tive Study Group (PRCSG). At the time, Dr Brewer observed,
“With the criteria as a stepping-stone, it became clear that we
needed drugs to treat children with JRA. We developed a meth-
odology to study medicines for children with JRA.”6 The first
members were a group of PRs, Drs Earl Brewer, chair, Houston;

John Baum, Rochester; Virgil Hanson, Los Angeles; Chester Fink,
Dallas; Jerry Jacobs, New York City; Joseph Levinson, Cincinnati;
and Jane Schaller, Seattle; along with Dr John Harter, from the
FDA; and Dr Stan Gottlieb of McNeil Laboratories. The PRCSG
has changed the landscape of drug therapy for juvenile arthritis
(JA), and its chairs were Drs Earl Brewer (1973–1991), Dan Lovell
(1991–2021), and Hermine Brunner (2021–current). Dr Ed Gian-
nini started as PRCSG Scientific Director in 1976, and the acting
Scientific Directors have been Drs Pamela Weiss (2020–2022)
and Michael Shishov (2023–2024).

In 1975, another pivotal event driven by advocacy and col-
laboration started in 1972 when President Richard Nixon and
Secretary Leonid Brezhnev of the USSR signed an agreement of
scientific cooperation. The advocacy of Dr John Decker from the
NIH with Dr Brewer led to collaboration of the PRCSG, the FDA,
and the NIH into a partnership that resulted in three trials with their
Russian collaborator, Professor Valentina Nassonova, the last of
which was a key article on a methotrexate versus placebo pub-
lished in the New England Journal of Medicine in 1992.7–9

In 1975, the ARA that is today the ACR established the Council
of Pediatric Rheumatology that organized the first meeting of clini-
cians interested in PR in 1976. Today, the Council of Pediatric Rheu-
matology exists as the Committee on Pediatric Rheumatology and
continues to advocate for the PR community. The AF, ARA, and
the Shriners of North America sponsored the first meeting in Park
City, Utah, in 1976.10 The initial group of attendees were 27 pediatric
rheumatologists and 156 attendees. Some of the original pediatric
rheumatologists who continued to be dedicated advocates for many
years were Drs Bram Bernstein, Audrey Nelson, Jim Cassidy, Jane
Schaller, Sydney Sillman, Helen Emery, Earl Brewer, Balu Athreya,
Carol Lindsley, and Virgil Hanson. There were international col-
leagues from England, Drs Barbara Ansell and Eric Bywaters, and
from Canada, Ross Petty (see Figure 1).

In 1976, Dr Ross Petty established the first formal program in
University of Manitoba in Canada. In 1977, the collaboration
between American and European PR gathered in Oslo and began
discussing the classification of juvenile arthritis that was resolved
when in 1994 the International League of Associations of Rheu-
matology proposed global criteria for Juvenile Idiopathic Arthritis
that became in 2001 the universally recognized classification.

1980s

Two federal events brought PR into the forefront through
funding and acknowledgment. First, the Omnibus Budget Recon-
ciliation Act of 1981 authorized “special projects of regional and
national significance (SPRANS)” that funded research and train-
ing for maternal and child health and children with disabilities
within what is now called the MCHB.

SPRANS funding provides grants for projects that aim to
address national or regional needs, priorities, or emerging MCH
issues. Attention was needed to develop centers to give
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coordinated care for children with arthritis. Dr Merle McPherson,
who served in MCHB Habilitative Services Branch (now the Divi-
sion of Services for Children with Special Health Needs) as its
director from 1987 to 2007, partnered with Dr Earl Brewer and
selected PR for development. Five regional PR centers were
funded through SPRANS grants and were a landmark for
improved care through access to PR multidisciplinary, family-
centered, community-based team care.11 The MCHB sponsored
a pivotal meeting in Houston in 1984, New Horizons in Pediatric

Rheumatology. In addition, the allied health partners of the five
SPRANS centers gathered with other rheumatology centers and
created standards of Practice in Pediatric Nursing led by Sandra
Amundson-Jacobowitz, RN, MS, and Diane Erlandson, RN, MS,
MPH. Second, the Surgeon General’s Report on Children with
Special Health Care Need in 1987 made specific recommenda-
tions that included recognition of youth with arthritis and the lack
of pediatric rheumatologists and shined a light on transitions to
adult systems issues. The first MCHB conference on Family Cen-
tered Community Based Care was held in June, 1987. Drs Merle
McPherson and Earl Brewer authored a paper of the proceedings
published in Pediatrics in 1989.12 The concepts outlined in this
article were adopted into Federal Legislation (the Omnibus Bud-
get Reconciliation Act of 1989) on how care should be offered to
children. The NIAMS was established in 1986.

The AAP formed a PR section of the AAP in 1980 to improve
the education of general pediatricians in arthritis. Dr Betty Lowe
was on the AAP board and helped initiate the section. The original
committee members were Drs Earl Brewer, Balu Athreya, Jack
Bass, Virgil Hanson, Jerry Jacobs, and Carol Lindsley.

The first textbooks devoted to PR were published and further
legitimized the field. Rheumatic Disorders in Childhood by Dr Bar-
bara Ansell in 1980 served as a major early resource in the UK and
Europe, and in 1982, Textbook of Pediatric Rheumatology by
Drs James T. Cassidy and Ross E. Petty, Pediatric Rheumatology
for the Practitioner by Dr Jerry Jacobs, and Juvenile Rheumatoid
Arthritis by Drs Earl Brewer, Edward Giannini, and Donald Person
were published.

The eighth edition of Primer on Rheumatic Disease marked
the first time this educational publication formally recognized PR
with a dedicated chapter by Dr Jane Schaller. Primer on Rheu-

matic Disease was a foundational medical text published by the
AF that has served as a standard teaching tool in medical schools
for rheumatology since the early 20th century (last edition was
13th edition in 2007).

In 1987 Dr David Glass became chair of PR at Cincinnati
Children’s until 2006. He built a program studying childhoodmus-
culoskeletal diseases and researching the complex genet-
ics of JA.

Figure 1. Photo of first Pediatric Rheumatology Meeting in 1976 and listing of attendees. Upper row left to right: Barbara Conove, Lynn Bonfiglio,
Evelyn Hess, Gerson Bernhard, George Baltz, Betty Bywaters, Bram Bernstein, Berne Singsen, Deborah Kredich, George Lockie, Audrey Nelson,
James Cassidy, Gilbert Omen, John Baum, Barbara Ansell, Milton Markowitz, Gerold Rodnan, Elia Ayoub, Jane Schaller, Peter Schur, Virgil Han-
son, Jane Fowler, Helen Emery, Lawrence (Larry) Schulman, Jack Hutto, Eric Bywaters, Anthony Russell, Sidney Stillman, Robert Hill, Lauren
Pachman, James Boone, John Calabro, John Miller, Bill Donovan. Lower row left to right: Aram Hanissian, Peter Vance, Chester Fink, Ralph Wed-
gewood, Alfonse Masi, Naomi Rothfield, Jerry Jacobs, Joseph Levenson, Karen Koster King, Carol Larsen, Linda Gorin, Helen Kornreich, Carol
Lindsley, Betty Lowe, Donita Sullivan, Raquel Hicks, Earl Brewer, Balu Athreya, Carol Ragsdale, Richard Stiehm, Ross Petty, Dan Magilevy, Jack
Zuckner, Roger Hollister, Paul Phillips.
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The Canadian PR community met for the first time at the sec-
ond Park City Pediatric Rheumatology meeting in 1986 formaliz-
ing the Canadian Pediatric Rheumatology Association. Below is
a list of Pediatric Rheumatology meetings and their organizers
when known over the past 50 years.

• 1976 ARA Conference on the Rheumatic Diseases of
Childhood—“Park City I” Jane Schaller and Virgil Hansen

• 1986 Park City II—Balu Athreya, Jim Cassidy, Virgil Han-
sen, and Brenard Singsen

• 1991 Park City III
• 1998 Park City IV
• 2003 “Pediatric Rheumatology 2003: Park City and

Beyond”—Snowmass
• 2008 Pediatric Rheumatology Symposium (PRSYM)—

Keystone—Bob Colbert and Ciaran Duffy
• 2011 PRSYM, Miami—Rob Fuhlbrigge, Yuki Kimura
• 2014 PRSYM, Orlando—Brian Feldman, Rob Fuhlbrigge
• 2017 PRSYM, Houston—Peter Nigrovic
• 2020 PRSYM, Virtual—Stacy Ardoin
• 2023 PRSYM, New Orleans—Bryce Binstadt
• 2026 PRSYM, Minneapolis—Andrea Knight and Dan

Horton

Although health care professionals often provide the initial
stimulus, families who affiliate with organizations and individuals
with arthritis play an essential role in supporting each other and
creating the needed services for those youth with rheumatic dis-
eases. Their focused, organized work for children with arthritis
started in the 1980s. The AJAO, which became the Juvenile
Arthritis Alliance in 2006, was founded in 1981 with the founding
leaders: Arlene Johnson (President, Ohio), Richard Weaver (Vice
President, California), Janna Zeltwanger (Secretary, Indiana),
Barbara Barrett (Member, Washington), Dr Jim Cassidy (Mem-
ber), Dawn Hafeli (Member, Michigan), Dr Joseph Levinson
(Member, Ohio), Art Choate (Member, Ohio), and Al Moske
(Member, Virginia). In 1984, the first AJAO meeting was held in
Keystone, Colorado, under the auspices of the AF.

The AF has several awards for members of the pediatric
community who have made a difference for children with arthritis.
The first winners of the awards are as follows: Earl Brewer Award
for Physician Leadership (1989)—Dr Merle McPherson; Patty
Rettig Health Care Professional Award (2000)—Patricia Rettig,
RN CRNP; Dawn Hafeli Award for Youth Leadership (1989)—
Sean Barrett; Steve and Liz Smith Legacy Award (2018)—Steve
and Liz Smith. The Charles B. Harding award is the AF’s highest
national volunteer honor, established in 1976, and continues
today to recognize individuals demonstrating exceptional com-
mitment to the arthritis community. Eight winners are from the
pediatric arthritis community: Julia McClanahan, Linda Wilson,
Dr Helen Emery, Steve Smith, Amye Leong, Ann Kunkel, Janalee
Taylor, MSN, RN, CNC, CNP, and Coleen Ryan.

In 1984, Dawn Hafeli, Kathy Angel, and Barbara Basset, who
are often called “the mothers of PR,” planned the first National
Juvenile Arthritis Conference (now JA Family Summit) in Key-
stone, Colorado, and brought together children with JA and their
families to learn, exchange tips, make new friends, and have fun.
This landmark conference continues every year bringing together
young people and their families, along with health professionals
and dedicated volunteers (Table 1).

In 1985, Dr Peter Dent developed the PR Listserv that
brought the clinical community caring for children with rheumatic
disease together to share ideas about patient care and research.
This listserv, renamed in 2021 the Dr Peter Dent Pediatric Rheu-
matology Bulletin Board, today has 2,293 emails subscribed to
the board.

In 1988, Norma Liburd, RN, MSN, part of the multidisciplin-
ary teams funded by the SPRANS grants, started a newsletter
edited by Melanie Bacon, RN, and Pat Vondran, RN, that was
published until 1996. In 1998, she founded PRNet, a listserv for
allied health professionals in PR with seven nurses. It has oper-
ated continuously, connecting pediatric allied health clinicians,
and today there are 180 nurses on the listserv.

1990s

On July 26, 1990, the Americans with Disabilities Act—the
world’s first comprehensive civil rights law for people with
disabilities—was passed. Also in 1990, the Education for All Han-
dicapped Children Act of 1975, which required that children from
ages 6 to 21 years with disabilities received a free and appropriate
public education based on individual needs, was amended and
renamed the Individuals with Disabilities Education Act. In 1992,
Family Voices was established and has evolved into a national
grassroots organization whose mission is to achieve family-
centered care for all children and youth with special health care
needs and/or disabilities. Family involvement has always been an
integral part of PR organizations with families and youth with rheu-
matic diseases being at the forefront of designing care
approaches and research directions.

In 1994, the final rule—Revisions to the Pediatric Labeling
Rule—was passed. The extrapolation of efficacy concept was
first described. The FDA proposed use of extrapolation of efficacy
findings from adults to pediatric populations to maximize use of
adult data and other data when designing pediatric drug develop-
ment programs.

In 1996, the Health Insurance Portability and Accountability
Act attempted to make health insurance more portable for people
and ensured their coverage would not be subject to pre-existing
conditions. In addition, in 1997, the State Children’s Health Insur-
ance Program provided health coverage to more children and
families, thus increasing insurance coverage of children with pedi-
atric rheumatic disease. In 1998, the FDA Pediatric Rule required
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pharmaceutical companies to study the safety and efficacy of new
drugs in children. Although invalidated in 2002, its principles were
codified by the Pediatric Research Equity Act (PREA; 2003) and
the Best Pharmaceuticals for Children Act (BPCA), which man-
date pediatric assessments for many new drugs. These laws,
made permanent in 2012, significantly increased the number of

pediatric studies and improved labeling for children. This cata-
pulted PCRSG’s ability to study many medications for pediatric
rheumatic diseases.

Drs Earl Brewer, Debbie Kredich, and Jim Cassidy petitioned
for a board of PR in 1988, and in 1990, the American Board of
Pediatrics and the American Board of Medical Specialties formally

Table 1. Juvenile Arthritis Family Summit history with organizers as provided by the Arthritis Foundation

Year Location: City, State Chair(s)

1984 Keystone, CO Dawn Hafeli, Kathy Angel, and Barbara Basset
1985 St. Louis, MO Organizers not listed
1986 Philadelphia, PA Organizers not listed
1987 Long Beach, CA Organizers not listed
1988 Lincolnshire, IL Organizers not listed
1989 Orlando, FL Organizers not listed
1990 Salt Lake City, UT Organizers not listed
1991 Providence, RI Linda Wilson, Larry Zemel, MD
1992 Columbus, OH Beverly Reiner, Karla Jones, RN, PNP
1993 Denver, CO J. Roger Hollister, MD, Monique Miller
1994 Philadelphia, PA Balu Athreya, MD, Ronnie McCall, Kathy Ott
1995 Kansas City, MO Carol Lindsley, MD, Ann Kunkel
1996 San Francisco, CA Helen Emery, MD, Lynne Mangan
1997 Cincinnati, OH

Los Angeles, CA
Philadelphia, PA

Carol Henderson, RD, LD, Patty Rettig, RN

1998 Washington, DC Patty Ellis, Patience White, MD
1999 Tucson, AZ

Chattanooga, TN
Chicago, IL

Pam Harrell, OTR, LHT, Julia McClanahan, Linda Wilson

2000 Orlando, FL Tina Dorries, Rhonwyn Ullman
2001 Houston, TX

Boston, MA
Seattle, WA

Ann Christiano, Marcia Imbrescia

2002 Minneapolis, MN Ed and Peggy Bonach, Ann Reed, MD
2003 Phoenix, AZ

Williamsburg, VA
Omaha, NE

Carol Dewey, Eric Peters, MD

2004 San Diego, CA Mindy Ripley, Ilona Szer, MD
2005 Providence, RI Thomas W. Connelly, Jr, PhD, RN, Peter and Cynthia Vican
2006 Atlanta, GA Amanda Vinson, PT
2007 Hershey, PA Barbara Ostrov, MD
2008 Los Angeles, CA Jennifer Horonjeff, Mindy Ripley
2009 Houston, TX Laura Bellomy, Stacy Shivers
2010 Philadelphia, PA Donna Trigone, RN
2011 Washington, DC Steve and Liz Smith
2012 St. Louis, MO Kellea Wright
2013 Anaheim, CA Mindy Ripley, Colleen Ryan
2014 Keystone, CO Julie Butscher
2015 Orlando, FL Rochelle Lentini, Liz Smith, Andrea Jones
2016 Phoenix, AZ

Philadelphia, PA
Colleen Ryan

2017 Houston, TX,
Indianapolis, IN

Katy Carter

2018 Seattle (Bellevue), WA
Washington, DC

Kate Kuhns

2019 Houston, TX
Minneapolis, MN

Bob and Jenn Tonning

2020 Virtual Adam Vigil
2021 Virtual Jen and Shane Cox
2022 Orlando, FL and Virtual Adam Vigil
2023 Atlanta, GA Corrine Pinter
2024 St. Louis, MO Abby Brown
2025 Salt Lake City, UT Anie Cooper, Samantha Tuazon
2026 Indianapolis, IN Dr Gina, David Schell
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approved formation of the sub-Board of PR. The first committee
included Drs Debbie Kredich (chair), Balu Athreya, Peter Dent,
Helen Emery, Carol Lindsley, and Jim Cassidy.

In 1995, the first formal examinations were offered in PR and
were conducted by the Royal College of Physicians (UK). Dr Abe
Shore was the first Ped Rheum fellow of the Royal College of Phy-
sicians and Surgeons in Canada in 1980, with Dr Alan Rosenberg
qualifying next in 1982. In the UK, specialist training was approved
by the Royal College of Physicians that subsequently became the
Royal College of Paediatrics and Child Health in 1996. With the
foundation of the first and only international professional society
for PR in 1997, the Pediatric Rheumatology European Society
(PReS) gained recognition within the European Union (EU).2

The Blue-Ribbon Committee for Academic Pediatric Rheu-
matology met in 1997. The members were James T. Cassidy,
MD (chair), Balu H. Athreya, MD, Janet S. Austin, PhD, Suzanne
L. Bowyer, MD, James Whitcomb, Robert A. Colbert, David
N. Glass, MD, Norman T. Ilowite, MD, Ildy M. Katona, Deborah
W. Kredich, MD, Carol B. Lindsley, MD, Audrey M. Nelson, MD,
Barbara S. Nepom, MD, Christy I. Sandborg, and Patience
H. White, MD.13 It recommended increasing the numbers of PR
trainees and medical school PR programs across the country.

Paediatric Rheumatology International Trials Organization
was founded in Europe in 1996 by Alberto Martini, Anne-Marie
Prieur, and Patricia Woo with the first EU-funded clinical trial. Sub-
sequent leaders have been Drs Nicola Ruperto, Alberto Martini,
Angelo Ravelli, and Fabrizio De Benedetti.

In 1991, with funding from the AF, the Partnership Training
Program was launched with three components with major PR
involvement and provided training for 400+ parent/professional
teams across the country in Partners in Care Coordination (co-
authors, Dan Lovell and Diane Erlandsen), Partners in Education
(co-authors, Janalee Taylor and Peggy Richey), and Partners in
Family Support (co-authors, James May and Dawn Hafeli).

In 1991, Patti Rettig, RN, and Balu Athreya, MD, published
the first article in PR on health care transition entitled, “Adoles-
cents with chronic disease. Transition to adult health care in arthri-
tis and rheumatism.” This was the beginning of interest in health
care transition in the PR community that is a continuing interest
today.

The ARHP first published one of its signature educational
products, Clinical Care in the Rheumatic Diseases, after joining
the ACR in 1994. In 1998, Liz Smith, a mother of a child with
arthritis, first went to a JA Conference where she became a pas-
sionate advocate along with her husband, Steve Smith. This cou-
ple’s energy and engagement gave children’s issues a key place
in the AF. Liz went on to receive the Kathy Angel Award in 2004,
and the AF named the Liz and Steve Legacy Award after them in
2020. Steve received the 2020 Charles B. Harding award.14 Their
physician, Dr Harry Gewanter, also has served as another tireless
advocate and leader of the rheumatology community in Virginia,
as well as nationally with the AF.

2000s

In 2000, new regulations to the Health Insurance Portability
and Accountability Act of 1996 expanded patients’ authority
over personal health information. The Children’s Health Act of
2000 provided for intensified research into JA and
began closing the gap in the PR shortage. In 2000,
To Err Is Human: Building a Safer Health System was released
by the Institute of Medicine. The landmark report highlighted high
rates of medical errors in US hospitals. This report offered a clear
prescription for raising the level of patient safety in American
health care and the field of quality improvement grew dramatically.
In 2001, HRSA’s MCHB launched the National Survey of Children
with Special Health Care Needs (NS-CSHCN). In 2016, the NS-
CSCHN was combined with the National Survey of Children’s
Health (NSCH). The redesigned survey is fielded annually and
covers the content previously covered in the NS-CSHCN. NSCH
was (and remains) the only source of both state- and national-
level data on multiple key indicators of child health and well-being.

The American Recovery and Reinvestment Act of 2009
invested in the lives of children and families by creating new jobs
and enhancing safety net services like community health centers
and unemployment benefits. This funded the NIH to offer
investigator-initiated research for groups like the Childhood Arthri-
tis and Rheumatology Research Alliance (CARRA).

In 2009, Dr Lynne P. Yao, Director of Division of Pediatric and
Maternal Health, FDA, and Drs Carolyn Yancey, Jeffrey Siegal,
and Yeruk Mulugeta convened the FDA Public Workshop Meet-
ing: Development of a Consolidated Pediatric Rheumatology
Observational Registry. This public gathering brought together
the PR community to discuss extrapolation, dose selection, and
clinical trial design including postmarketing safety studies.

In 2000, the first major conference on health care transition,
Chronic Illness and Disability Conference: Transition From Pediat-
ric to Adult-Based Care, was held at Baylor College of Medicine in
Texas; Dr Albert Hergenroeder has continued to host this annual
conference that brings together experts nationally and worldwide
to share developments and innovations in health care transition
practice, education, and health policy.

The Health Care Transition Research Consortium (HCTRC)
began their annual research meeting in 2007 at the University of
North Carolina at Chapel Hill, founded by Dr Maria Ferris. The
HCTRC today has over 700 members. In 2012, this meeting part-
nered with the Baylor College of Medicine transition conference
and continues to be a major venue to present health care transi-
tion research and is guided by Drs David Wood, Maria Ferris,
and Cecily Betz.

In 2001, Dr Deborah Kredich was awarded the first Rheuma-
tology James T. Cassidy Award from the AAP. This award recog-
nizes members for outstanding achievement, education, and
contributions to the field of PR. In 2001, the ACR expanded its
meeting offerings to include dedicated tracks like the Pediatric
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Rheumatology Residents Program, established to encourage
medical residents to enter the field.

In 2002, CARRA was formed to conduct collaborative,
investigator-initiated research. CARRA began with Drs Christy
Sandborg and Betsy Mellins at Stanford who realized the poten-
tial of the new treatments for children with rheumatic disease,
and Dr Sandborg, hearing the rumor that the American Board of
Pediatrics might stop offering boards because there were so few
trainees, thought they needed to develop a pediatric rheumatol-
ogy research group to emphasize the innovations and attract
trainees.15 Along with the two founders, Drs Brian Feldman, Norm
Ilowite, Laura Schanberg, Yukiko Kimura, Carol Wallace, Bob
Fuhlbrigge, and Emily von Scheven joined in founding CARRA. In
2002, the first scientific meeting brought together partners such
as the NIH, PRCSG, and other research groups. Dr Susanna Ser-
rate-Sztein from the NIH attended and facilitated the first funded
CARRA grants, APPLE and TREAT. The year 2005 saw the first
convening of CARRA’s annual meeting, and it continues today.
In 2009, with NIH ARRA funds, grants started Consensus Treat-
ment Plans, the first of which was led by Brian Feldman on derma-
tomyositis. In addition, CARRAnet was initiated. During the
2000s, CARRA was led by consecutive chairs Drs Elizabeth Mel-
lins, Christy Sandborg, and Carol Wallace. Family volunteers were
invited to an early annual scientific CARRA meeting to meet the
membership and witness how research was developed in
CARRA. During the meeting, the researchers formed relation-
ships with family volunteers and began to ask questions about
their opinions of the studies being planned such as “Is this study
important to families?” This was an important step in the initiation
of patient engagement in PR.16

In 2002, Ann Kunkel, RN, served as the AF Volunteer Repre-
sentative for the Bone and Joint Decade and is an avid advocate
for PR having served as chair of AJAO. The ARP Ann Kunkel
Advocacy Award is named after her, which honors her service in
advocating for patients with arthritis.

In 2000, Drs Frederick Miller and Lisa Rider at the NIH created
the International Myositis Assessment and Clinical Studies (IMACS)
Group that has brought together many centers to focus on both
adult and pediatric myositis, to achieve consensus in areas of clinical
research and therapeutic trials. In 2003, the CureJM Foundation
was founded by advocates Tom and Sherry Hume andHarriet Bollar
and strives to ensure no family has to navigate this rare disease alone
and to fund juvenile myositis (JM) research toward a cure for the dis-
ease. Drs Lauren Pachman, Lisa Rider, and Ann Reed subsequently
led the early centers of excellence in JM clinical care and research,
funded in part by CureJM, and were the foundation’s first medical
advisers. In 2007, the key handbook Myositis and You was pub-
lished with editors Drs Lisa Rider, Lauren Pachman, and Frederick
Miller, and Harriet Bollar, which is still a major text used nearly
20 years later.

Pediatric Rheumatology, the specialized open-access jour-
nal, was launched in 2003 (originally as Pediatric Rheumatology

Online Journal) with editors-in-chief Drs Charles H. Spencer and
Alberto Martini and later published by BioMed Central. Today it
is the official journal of PReS with co–editors-in-chief Drs Angelo
Ravelli and Tadej Avcin.

In 2002, Andrea Ring joined Katie Bitner at the AF, and both
have been important drivers of the AF’s children’s programs. Andrea
Ring, the senior director of JA and young adult initiatives, is active in
the AF today. In 2003, Kevin Brennan, Senior Vice President for Pub-
lic Policy (1999–2006) and current AF National Advocacy Committee
Co-Chair, started advocacy summits at the AF, and in 2005, the
Kids Summit program was added for youth grades K–8. The advo-
cacy program has grown a community of youth, young adults, fam-
ilies, and clinicians who advocate for changes in the lives of children
with arthritis. In Europe, the European Network for Children with
Arthritis and Autoinflammatory Diseases, a network of pediatric
rheumatic disease associations (encanetwork.org), formed in Paris
in 2002 and represents the country-specific organizations working
with children and young people with pediatric rheumatic diseases
and their families throughout Europe.

In 2006, the Canadian Pediatric RA formally became a Pedi-
atric Rheumatology Committee of the Canadian Rheumatology
Association (CRA). In 2007, Canadian Alliance of Pediatric Rheu-
matology Investigators (CAPRI) was initiated by Drs Rae Yeung,
Ciaran Duffy, Lori Tucker, and Alan Rosenberg. CAPRI is a
national multidisciplinary research organization.17

In 2007, Dr Elizabeth D. Mellins, was the first pediatric rheu-
matologist to receive an ACR/Rheumatology Research Founda-
tion Investigator award. In 2008, Dr Robert Colbert joined the
NIAMS Intramural Research Program (IRP) as chief of the Pediat-
ric Translational Research Branch. He is one of the few pediatric
rheumatologists who has attended all the Park City meetings
except the first and is a constant promoter of PR. In 2020, Dr Col-
bert was appointed Clinical Director of the NIAMS IRP. The
NIAMS program has had several pediatric fellows in conjunction
with Children’s National Medical Center beginning in the late
1980s with Dr Raphael Hirsch followed by Drs Ellen Goldmuntz
and Lisa Rider.

2010s

The Patient Protection and Affordable Care Act was enacted
in 2010, made health insurance available to more people,
expanded Medicaid coverage, and supported innovative
methods designed to lower health care costs. This improved
insurance improved the health insurance coverage in the US of
many youth and young adults with rheumatic diseases.

In 2011, the AAP, American Association of Family Practi-
tioners, and the American College of Physicians published a
clinical report, “Supporting the Health Care Transition From
Adolescence to Adulthood in the Medical Home,” that provides
the first joint framework for transitioning youth to adult-focused
health care. Updated guidance was published in 2018 and
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reaffirmed by the AAP, AAFP, and ACP in 202318 to include the
Six Core Elements of Health Care Transition,19 which provides
more detailed quality improvement guidance and has been
customized by the ACR, CARRA, AF, and many other organi-
zations and health systems.

The 2012, the FDA Safety and Innovation Act permanently
reauthorized BPCA and PREA, making medications for adults
more available to the pediatric community. The emerging trend
of patient engagement in the early 2000s led to the founding of
the Patient-Centered Outcomes Research Institute (PCORI) in
2010 as part of the Affordable Care Act. In 2014, PCORI estab-
lished PCORInet, a network of networks that could harness the
power of substantial amounts of health information to facilitate
patient-centered comparative effectiveness research using a
common data model and Patient- Powered Research Networks
that were disease specific such as PR and community based.

In 2018, Congresswoman Kim Schrier, MD, the only pediatri-
cian in Congress, was elected from Washington State, and she is
still in Congress. She collaborated with the coalition to fund the
Pediatric Subspecialty Loan Repayment Program.

CARRA continued to grow incorporating as a 501c3 in 2014,
and in the 2020s, leaders Norm Ilowite, Laura Schanberg, Yukiko
Kimura, and Robert Fuhlbrigge became presidents leading to
growth of sites and collaborators. Carol Wallace launched a pre-
meeting course that has taught many PR centers how to get
started in clinical research. In 2015, a new 21CFR11 Compliant
Registry for disease specific pharmacosurveillance and, in 2016, a
biorepository were initiated, and intramural grants were offered.
Today CARRA is a research network of seven research commit-
tees. It has more than 14,000 enrolled youth and young adults
and 550 PRmembers and has been consecutively led by Drs Emily
von Scheven, Robert Colbert, and Stacy Ardoin.

In 2014, there was a meeting of advocates that initiated the
historic partnership between AF and CARRA with the following
members: Vince Del Gaizo (Friends of CARRA), Chris Andersen
(Chair, JA Alliance), Colleen Ryan (a parent of a child with rheu-
matic disease who has chaired national JA conferences and
won the Kathy Angel Parent Leadership award), Ann Palmer
(President & CEO, AF), Cindy McDaniel (Senior VP, Consumer
Health), and Debbie Wright (Friend of CARRA). In 2015, Friends
of CARRA merged with the AF. The AF continues today as a
major supporter of CARRA’s infrastructure and research.

In 2008, Drs Murray Passo, Yukiko Kimura, Beth Gottlieb, and
Esi Morgan gathered and approached CARRA about forming a
learning network to improve quality of care using quality improve-
ment science. This group formally launched the Pediatric Rheuma-
tology Care and Outcomes Improvement Network (PR-COIN) in
2010 and its first registry in 2011. PR-COIN was supported by the
AF, the Center for Education and Research in Therapeutics at Cin-
cinnati Children’s Hospital Medical Center, and the ACR. In 2015,
the Parent Working Group (PWG) was formed and added family
engagement to its center agreements. Dr Esi Morgan is principal

investigator, and Kerry Ferraro is chair PWG. Together, they lead
this learning network with a patient-centered approach.20–22 Today
PR-COIN is a network of 21 centers.

Patients, Advocates, Rheumatology Teams Network for
Research and Service (PARTNERS) consortium was established
in 2013 to 2014, led by Dr Laura Schanberg, funded by PCORI,
which created a patient-powered research network integrating
patient-reported outcomes with clinical data for juvenile idiopathic
arthritis and related diseases. It joined with CARRA, PR-COIN,
and three advocacy organizations (AF, Lupus Foundation of
America, CureJM) in 2018. PARTNERS created the infrastructure
and shared best practices to engage caregivers and patients in
the research process.16

In 2018, Norma Liburd was the first and to date the only
pediatric ARP Master awardee. In 2010, Cassie and Friends was
founded and is the only charity in Canada dedicated 100% to
the pediatric rheumatic disease community.

2020s

In 2022, six key partners came together and advocated for
the Pediatric Subspecialty Loan Repayment Program: AAP,
ACR, AF, Children’s Hospital Association, American Academy of
Child & Adolescent Psychiatry, and American Society for Gastro-
intestinal Endoscopy.

Employing BPCA and/or PREA pediatric labeling changes
from 1998 to 2022, a historic milestone, was achieved with more
than 1,000 drugs and biologics having undergone labeling
changes to include pediatric use information.23 The ninth edition
of Pediatric Rheumatology edited by Drs R. Petty, R. Laxer, L.
Welderborn, E. Mellins, R. Fuhlbrigge, J. Akikusa, and H. Brunner
will be published in 2026.

PR continues to have a smaller workforce per capita of chil-
dren than most other pediatric subspecialties.24 Data from the
American Board of Pediatrics and ACR continue to show a vibrant
clinical US PR community. Through June 2023, a total of
626 pediatricians are board certified. ACR membership data
show 8% are pediatric rheumatologists with 417 academic and
90 private practice. ARP membership data show 4% are in PR
with 33 academic and 19 private practice. Forty-two pediatric
rheumatologists are ACR masters and one is an ARP master.
Fourteen pediatric rheumatologists have served on the ACR
Board: Drs Carol Lindsley, Christy Sandborg, David Glass, Emily
von Scheven, Jaime de Inocencio, Karen L. Kerr, Karen Onel,
Marisa Klein-Gitelman, Pamela Degotardi, Raphael Hirsch,
Robert Allen Colbert, Suzanne Bowyer, Tamar Rubinstein, and
Patience White. Nine pediatric rheumatologists have served on
the Foundation Board: Drs Colleen Correll, Edward Behrens,
Ekemini Ogbu, Jay Mehta, Linda Hiraki, Mara Becker, Marisa
Klein-Gitelman, Polly Ferguson, and Robert Allen Colbert.
Bryce Binstadt, MD, PhD, is the first pediatric rheumatologist
and current President of the ACR Foundation. In addition, the
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Chair of the ACR Committee on Pediatric Rheumatology also
serves on the Rheumatology Research Foundation board. Three
members of the current ARP executive committee are in PR.

The ACR continues to advocate for PR in the areas of clinical
practice, research, clinical and scientific workforce, and educa-
tion. The Committee on Pediatric Rheumatology has been central
to these efforts working jointly with the ACR Committee on Work-
force Solutions, Committee on Training, and the Government
Affairs Committee. Currently, the ACR continues to advocate for
funding of PR fellowships, flexibility in PR fellowship training, pedi-
atric rheumatologist and advanced practice provider clinical
workforce development in underserved areas, and Medicaid-
Medicare parity.

In conclusion, Jim Cassidy’s question posed in his 2009 per-
sonal history article, “Are we there yet?”25 can now be answered
with a resounding “Yes!” There is muchmore to accomplish in the
next 50 years, and thanks to the early work of many, a multitude
of PR advocates are up to the challenge.
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Facilitating Expedited Drug Approval—the Past, Present,
and Future of Clinical Trials for Pediatric Rheumatic Disease

Pamela F. Weiss, MD, MSCE1 and Hermine I. Brunner, MD, MSc, MBA2

Introduction

Over the past five decades, pediatric rheumatology has under-

gone a significant transformation in the design, conduct, and impact

of clinical trials, evolving from small, largely exploratory studies to

sophisticated, multinational research programs that have reshaped

the standards of care for children with rheumatic diseases. Between

1975 and 1995, the field was characterized by single-center trials

focused on nonsteroidal anti-inflammatory drugs (NSAIDs), gluco-

corticoids, and early conventional disease-modifying antirheumatic

drugs (cDMARDs), constrained by small sample sizes, heteroge-

neous outcome measures, and the absence of standardized dis-

ease definitions. The period from 1996 to 2010 was a critical phase

of consolidation and framework building, characterized by the intro-

duction of unified disease classification systems, such as the Interna-

tional League of Associations for Rheumatology juvenile idiopathic

arthritis (JIA) criteria,1 the development of consensus outcome mea-

sures, and the expansion of multicenter trials evaluating methotrex-

ate and the first biologic therapies. These advances were catalyzed

by the formation of collaborative research networks and registries

that enabled enrollment at scale and fostered methodologic rigor.

From 2011 to the present, the field of pediatric rheumatology has

entered a modern era defined by rapid growth in biologic and tar-

geted small-molecule trials, the adoption of innovative trial designs,

and the systematic use of registries to assess long-term safety and

effectiveness. Together with strengthened regulatory incentives and

internationally coordinated consortia, these advances have funda-

mentally altered the clinical trial landscape, accelerating therapeutic

innovation while improving the quality and relevance of evidence

generated for children with rheumatic diseases.

Regulatory, ethical, and logistical landscape

Over the past 50 years, the regulatory landscape for pediatric

clinical trials has shifted from a largely permissive environment to

one that emphasizes safety, efficacy, and ethical oversight. In
the early 1970s, children were often excluded from clinical
research, and most medications were prescribed off label without
robust pediatric data, exposing young patients with rheumatic
diseases to unknown risks. Growing recognition of this problem,
along with activism by professional organizations, pediatric
research networks, families, and stakeholder organizations, led
to pivotal legislative and regulatory changes, most notably the
Best Pharmaceuticals for Children Act (BPCA, 2002)2 and
the Pediatric Research Equity Act (PREA, 2003).3 BPCA encour-
aged pharmaceutical companies to study their drugs in children
by offering a six-month extension of marketing exclusivity. PREA
went further by mandating that pharmaceutical companies con-
duct pediatric studies for new drugs and biologics if they are likely
to be used in children or if there is a pediatric correlate of a non-
orphan disease occurring in adults. PREA also mandated that
the pediatric study plans be submitted before the adult disease
counterpart phase 3 trial commences.

In 2012, the US Food and Drug Administration (FDA) Safety
and Innovation Act made PREA and BPCA permanent, which
has been pivotal for advancing pediatric drug development. In
2012, as part of the FDA Safety and Innovation Act, Congress
established the Pediatric Rare Disease Priority Waiver Program.
When a company receives FDA approval for a therapy for a pedi-
atric rare disease that qualifies under this program, it is awarded a
priority review voucher. This voucher can then be used to expe-
dite the FDA review process for another product that would other-
wise not qualify, reducing the standard 10 to 12 months to
6 months. The large financial incentive from the program comes
from the fact that the voucher can also be sold or transferred to
another company. In 2024, the Center for Drug Evaluation and
Research (CDER) E11A Pediatric Extrapolation Guidance for
Industry provided recommendations for how to present extrapo-
lation plans in regulatory submissions and how to engage with
the FDA during drug development.
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Collectively, these laws have facilitated the labeling of numer-
ous drugs for children, including those with JIA and pediatric sys-
temic lupus erythematosus (pSLE). Internationally, guidelines
from the European Medicines Agency and the International
Council for Harmonisation (ICH) have promoted age-
appropriate formulations, dosing, and trial design in a similar
manner. Over time, regulatory agencies have increasingly
emphasized ethical protections, including obtaining assent from
minors and parental consent, while also minimizing trial-related
burdens and fostering innovation in pediatric trial methodology.
Today, the landscape reflects a delicate balance: ensuring chil-
dren benefit from advances in medicine while protecting them
from unnecessary harm, a paradigm shift that continues to
shape the design and conduct of pediatric research worldwide.
Progress, however, is still needed as off-label use of medication
is still common, accounting for 40% of drugs prescribed in the
pediatric population.4

Pediatric rheumatology research networks and
clinical trials

Several stakeholder organizations have played pivotal and
complementary roles in advancing the design, conduct,
and global impact of clinical trials in pediatric rheumatology over
the past 50 years. The Pediatric Rheumatology Collaborative
Study Group (PRCSG), established in 1973, was the first formal
pediatric rheumatology research network, laying the groundwork
for the development of modern clinical trials in the field. PRCSG
pioneered multinational pediatric trials by coordinating studies
conducted in the United States and the former Union of Soviet
Socialist Republics (USSR). Through rigorously designed,
placebo-controlled trials, PRCSG evaluated cDMARDs, including
D-penicillamine,5 hydroxychloroquine,5 oral gold,6,7 NSAIDs,8,9

and methotrexate,10 for the treatment of what was then known
as juvenile rheumatoid arthritis. These trials demonstrated a lack
of efficacy for several of the agents while establishing methotrex-
ate and NSAIDs as effective therapies, thereby defining the ther-
apeutic foundation for JIA. PRCSG subsequently led the first
biologic clinical trials in pediatric rheumatology, including the
inaugural tumor necrosis factor inhibitor trial of etanercept in
JIA,11 which ultimately supported FDA approval for it in polyar-
ticular juvenile rheumatoid arthritis in 1999. Over five decades,
PRCSG has maintained a critical role in trial design, execution,
and dissemination through sustained partnerships with industry
sponsors.

Building on this early momentum, the Paediatric Rheumatol-
ogy International Trials Organisation (PRINTO) was founded in
1996 to address the growing need for large-scale, multinational
pediatric rheumatology trials. PRINTO created the infrastructure
necessary to conduct harmonized, rigorously designed clinical tri-
als across diverse geographic and regulatory environments. By
enabling the enrollment of sufficiently powered cohorts for rare

pediatric rheumatic diseases, PRINTO has played a crucial role
in advancing therapeutic development, validating outcome mea-
sures, and securing regulatory approvals in Europe and globally.
Its emphasis on standardized protocols, centralized data coordi-
nation, and international collaboration has made PRINTO a cor-
nerstone of global pediatric rheumatology clinical trials and
research.

In 2000, the Childhood Arthritis and Rheumatology Research
Alliance (CARRA) was established to advance collaborative clini-
cal research across North America, with a particular focus on
generating real-world evidence. A major milestone was the launch
of the CARRA Registry in 2009, the first national registry for pedi-
atric rheumatic diseases, alongside the development of robust
trial infrastructure, including centralized site management, stan-
dardized contracting, site training, and a dedicated research
coordinator network. Today, investigators from more than
120 institutions contribute data to the registry, which has sup-
ported landmark interventional and comparative effectiveness
studies, including the Trial of Early Aggressive Therapy in Polyar-
ticular JIA (TREAT-JIA).12 In 2015, the registry was upgraded to
be 21 Code of Federal Regulations (CFR) Part 11–compliant,
enabling its use for global postmarketing safety surveillance and
the assessment of rare but critical long-term outcomes, such as
malignancy.

Clinical trial design

The earliest trials of conventional synthetic DMARDs in
juvenile rheumatoid arthritis, such as D-penicillamine,5

hydroxychloroquine,5 oral gold,7 and methotrexate,10 relied on
the traditional randomized, placebo-controlled design. Once
effective treatments, most notably methotrexate, were estab-
lished, the continued use of placebo controls in children, partic-
ularly those with a high burden of disease, became increasingly
difficult to justify ethically. This shift necessitated the develop-
ment of alternative trial methodologies, including randomized
withdrawal designs, open-label pediatric pharmacokinetic stud-
ies, and approaches to efficacy extrapolation.

Randomized withdrawal design. The first biologic
DMARD studied in JIA, etanercept, was evaluated using the novel
randomized withdrawal trial design (RWD)11 (Figure 1). In this
framework, all enrolled children receive open-label treatment with
the experimental therapy during the initial phase of the trial. Partic-
ipants who achieve a predefined clinical response, typically a JIA
American College of Rheumatology (ACR) 30 response,13 were
subsequently randomized in phase 2 to either continue the inves-
tigational therapy or transition to a placebo. During phase 2, par-
ticipants were then monitored for a protocol-defined disease
flare or time to flare. Children who experienced a mild to moderate
flare had the option to restart the active investigational drug in
open-label extension (phase 3). The RWD design facilitates
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efficient assessment of drug efficacy while minimizing placebo
exposure and enabling individualized treatment duration.
Importantly, this design has greater acceptability among clini-
cians and families because all participants receive the active
experimental therapy immediately after enrolling into the study,
which generally coincides with active disease and pain. Fur-
ther, time on placebo is minimized, and there is an option to
resume the drug in phase 3. However, the RWDs introduce
selection bias, as only responders advance to randomization
in phase 2. Additionally, the principal outcome, time to disease
flare, does not directly compare response rates. This design is
not suitable for therapies with a prolonged effect or when
abrupt discontinuation of the drug raises safety concerns.
Despite these limitations, most biologic trials in juvenile arthritis
conducted between 1999 and 2020 employed an RWD
(Table 1).

Extrapolation studies. In parallel, regulatory pathways
evolved to further accelerate pediatric drug development. In
1994, the FDA first proposed extrapolating efficacy data from
adult trials when disease pathophysiology and treatment
response were sufficiently similar in adult and pediatric popula-
tions. Under this paradigm, pediatric development could rely on
pharmacokinetic and safety data from relatively small open-label
studies in children. In 2019, an FDA/Centers for Excellence in
Regulatory Science and Innovation workshop addressed strate-
gies to accelerate drug development for children with polyarticular
JIA.14 After this workshop, the FDA determined that PREA
requirements for polyarticular JIA could be satisfied through phar-
macokinetic studies supporting extrapolation of efficacy from
adult rheumatoid arthritis trials.15,16 The FDA further advised that
data from children with polyarticular JIA or psoriasis, together with
adult trials in rheumatoid arthritis, psoriatic arthritis, or psoriasis,

Figure 1. Randomized withdrawal design. Figure adapted from “Pediatric Rheumatology Collaborative Study Group - over four decades of piv-
otal clinical drug research in pediatric rheumatology.”46

Table 1. Drug approvals and trial design supporting the approval from 1999 to present*

Drug
Year of FDA

pediatric approval Indication(s) Trial design supporting pediatric approval

Etanercept 1999 Polyarticular JRA Randomized withdrawal
Adalimumab 2008 Polyarticular JRA RCT + open-label extension
Abatacept 2008 Moderate–severe pJIA Randomized withdrawal
Tocilizumab 2011 Systemic JIA Randomized withdrawal

2013 pJIA Randomized withdrawal
Canakinumab 2013 Systemic JIA Randomized withdrawal
Golimumab 2020 pJIA; juvenile psoriatic arthritis Extrapolation from adult RA/PsA + open-label

pediatric PK/safety study
Tofacitinib 2020 Polyarticular-course JIA Randomized withdrawal
Secukinumab 2021 Juvenile psoriatic arthritis; ERA RCT (randomized withdrawal)
Ustekinumab 2022 Juvenile psoriatic arthritis Extrapolation from adult PsA + open-label pediatric study
Sarilumab 2024 pJIA Extrapolation + pediatric open-label PK/safety study
Guselkumab 2025 Juvenile psoriatic arthritis Extrapolation from adult PsA + pediatric PK/safety study

* ERA, enthesitis-related arthritis; FDA, US Food and Drug Administration; JIA, juvenile idiopathic arthritis; JRA, juvenile RA; pJIA, polyarticular JIA;
PK, pharmacokinetics study; PsA, psoriatic arthritis; RA, rheumatoid arthritis; RCT, randomized controlled trial.
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could support extrapolation for juvenile psoriatic arthritis (JPsA)
without a dedicated pharmacokinetic study. Consequently,
extrapolation for juvenile spondyloarthritis (JSpA) has been
applied on a drug-specific basis, rather than a universal one.17

These regulatory advances culminated in the ICH finalizing
the E11A guideline on pediatric extrapolation in December
2024.18 Extrapolation of adult efficacy data from rheumatoid
arthritis and psoriatic arthritis supported the FDA approvals of
intravenous golimumab for polyarticular JIA and JPsA in
2020,19,20 as well as the FDA approvals of ustekinumab and
guselkumab for JPsA.19,21 Collectively, these developments
reflect a maturation of pediatric trial design and regulatory sci-
ence, enabling more efficient and ethically sound evaluation of
novel therapies. Notably, this extrapolation framework was also
applied in pSLE, when belimumab received FDA approval in
2019 based on extrapolation of efficacy from adult lupus trials,
supported by pediatric pharmacokinetic, safety, and pharmaco-
dynamic data.22

Development of pediatric outcome and response
measures for use in trials

JIA. Over the past five decades, pediatric rheumatology has
also benefited from the development of standardized pediatric
outcome and response measures, which have made clinical tri-
als more feasible and robust (Table 2). In the late 1990s, ACR
pediatric JIA response criteria were first introduced (eg, JIA
Pediatric 30, with additional thresholds such as Pediatric
50, 70, 90, and 100) to quantify graded improvement across
six core variables in clinical trials.13 Building on this framework,
Wallace and colleagues established consensus criteria for clin-
ical inactive disease and remission in JIA in 2004,23 providing
the first uniform definition of remission for oligoarticular, polyar-
ticular, and systemic JIA. The Juvenile Arthritis Disease Activity
Score (JADAS)24 was developed in 2009 as a continuous
composite index that includes four core measures: physician
disease activity assessment, parent/caregiver global assess-
ment, active joint count, and acute-phase reactants. Subse-
quent work defined cutoffs for states of inactive, minimal,
moderate, and high disease activity.25 Additionally, the sys-
temic JADAS was developed and validated for use in systemic
JIA by adding a fifth core measure aimed at quantifying the
activity of systemic features.26 Likewise, pediatric measures
were developed to quantify disease activity in JSpA (the Juve-
nile Spondyloarthritis Disease Activity Index).27 Objective
imaging measures, such as the Spondyloarthritis Research
Consortium of Canada (SPARCC) magnetic resonance imag-
ing inflammation and structural scoring systems, were also
adapted for pediatric sacroiliac assessment to quantify inflam-
matory and structural lesions in juvenile SpA.28,29 Additionally,
standardized flare criteria for JIA30 and JSpA31 were
developed.

Childhood-onset SLE. For childhood SLE (cSLE), adapta-
tions of adult disease indices, including the Systemic Lupus Ery-
thematosus Disease Activity Index,32 European Consensus
Lupus Activity Measure,33 and Systemic Lupus Activity
Measure,34 have been applied and evaluated in childhood
cohorts to assess disease activity and correlate with clinical
outcomes. In 2009, the PRINTO/ACR provisional criteria for
response to therapy in cSLE were developed.35 Building on
this work, pediatric-specific definitions of clinically meaningful
improvement were developed and validated,36 along with
thresholds for minor, moderate, and major clinical responses.
Consensus definitions for inactive disease and clinical remis-
sion in cSLE were also established.37 Like JIA and JSpA, pre-
liminary criteria for global disease flares in cSLE have been
proposed for use in clinical trials.38

Juvenile dermatomyositis. In juvenile dermatomyositis
(JDM), a set of disease-specific outcome measures has been
developed and validated to facilitate clinical trials in this relatively
understudied condition. Core assessments of disease activity
include the Disease Activity Score (2003)39 and the Childhood
Myositis Assessment Scale (1999),40 which provide complemen-
tary evaluations of muscle strength and functional capacity. Stan-
dardized response to therapy is assessed using the PRINTO/
ACR/EULAR response criteria (2008),41 enabling harmonized
outcome evaluation across trials. The Manual Muscle Testing in
8 muscles (2010)42 offers a practical and widely adoptedmeasure
of muscle strength. Together, these instruments have substan-
tially accelerated therapeutic development in JDM by improving
the sensitivity, comparability, and interpretability of clinical trial
outcomes.

Juvenile systemic sclerosis. In juvenile systemic sclerosis
(jSSc), outcome assessment in clinical trials has focused on a
combination of skin, organ-specific, and global severity mea-
sures. The modified Rodnan skin thickness score (MRSS),
adapted for pediatric use in 2010,43 remains a central measure
of skin involvement, whereas overall disease severity is captured
using the Juvenile Systemic Sclerosis Severity Score (2017).9

PRINTO has led efforts to develop and validate provisional
response criteria for jSSc, though these measures remain under
active refinement. At present, there are no universally accepted
definitions of inactive disease or remission in jSSc.

Patient-reported outcomes. Additionally, cross-cutting
patient-reported outcomes have assumed an increasingly promi-
nent role in pediatric rheumatology trials.44 Over the past decade,
the PROMIS pediatric measures, which are part of the NIH’s
Patient-Reported Outcomes Measurement Information System,
have been integrated into pediatric rheumatology trials to directly
capture health-related quality of life, pain interference, fatigue,
and other domains from children and adolescents.31 Additionally,
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physical function is frequently evaluated using the Childhood
Health Assessment Questionnaire. Lastly, recognizing the impor-
tance of treatment-related harm, the pediatric Glucocorticoid
Toxicity Index was developed in the early 2020s to systematically
quantify glucocorticoid-associated morbidity in children.45

Conclusions

Over the past 50 years, the design, conduct, and impact of
clinical trials in pediatric rheumatology have undergone a pro-
found transformation, catalyzed by the establishment of collabo-
rative research networks and registries that have enabled
enrollment at scale and enhanced methodologic rigor. Coupled
with strengthened regulatory incentives and internationally coordi-
nated consortia, these advances have substantially improved the
clinical trial landscape by accelerating therapeutic innovation while
increasing the quality, relevance, and generalizability of evidence
generated for children with rheumatic diseases. The pace of prog-
ress is unlikely to slow. Future advances are expected to include
broader adoption of platform and adaptive trial designs, prag-
matic and registry-embedded trials, and Bayesian approaches

tailored to small and heterogeneous populations. Advances need
to also address barriers to trial enrollment from the perspectives
of the patient/family and the clinical team. Continued efforts will
focus on refining pediatric-relevant outcome measures by devel-
oping harmonized core outcome sets, expanding patient-
reported outcomes, and integrating biomarker-driven endpoints.
In parallel, advancements in translational science, including bio-
marker discovery, precision medicine strategies, and prepared-
ness for gene-based therapies, will further shape the next era of
pediatric rheumatology clinical research.
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Table 2. Pediatric-specific trial response measures and outcomes by disease*

Disease Core response measures
Disease activity/
severity indices

Inactive disease/
remission

Flare/damage/other key
outcomes

JIA Pediatric ACR response criteria
(JIA ACR 30/50/70/90/100)13

JADAS (10/27/71)24 Wallace criteria for
inactive disease23

JIA flare criteria30

PRINTO provisional response
criteria25

cJADAS48 JADI49

Axial JSpA response criteria47 sJADAS26 SPARCC MRI inflammation
and structural scores
(for JSpA)28,29

JSpADA index27

cSLE PRINTO/ACR provisional
criteria for response to
therapy35,36

pSLEDAI32 Consensus definitions
for inactive disease
and clinical
remission37

Pediatric global flare
criteria38

ECLAM33 SLICC/ACR Damage Index
(adapted for pediatrics)50

SLAM34

JDM PRINTO/ACR/EULAR response
criteria for JDM41

CMAS40 Definitions of inactive
disease based on
PRINTO criteria51

MDI52

MMT-842 The Cutaneous Assessment
Tool53

DAS39

jSSc PRINTO provisional response
criteria (under
development/validation)

MRSS (pediatric use)43

J4S54

* ACR, American College of Rheumatology; cJADAS, clinical JADAS; CMAS, Childhood Myositis Assessment Scale; cSLE, child-
hood systemic lupus erythematosus; DAS, Disease Activity Score; ECLAM, European Consensus Lupus Activity Measure; J4S,
Juvenile Systemic Sclerosis Severity Score; JADAS, Juvenile Arthritis Disease Activity Score; JADI, Juvenile Arthritis Damage Index;
JDM, juvenile dermatomyositis; JIA, juvenile idiopathic arthritis; JSpA, juvenile spondyloarthritis; JSpADA, JSpA Disease Activity;
jSSc, juvenile systemic sclerosis; MDI, Myositis Damage Index; MMT-8, Manual Muscle Testing in 8 muscles; MRI, magnetic res-
onance imaging; MRSS, Modified Rodnan skin thickness score; PRINTO, Paediatric Rheumatology International Trials Organi-
sation; pSLEDAI, Pediatric Systemic Lupus Erythematosus Disease Activity Index; sJADAS, systemic JIA adaptation JADAS;
SLAM, Systemic Lupus Activity Measure; SLICC, Systemic Lupus International Collaborating Clinics; SPARCC, Spondyloarthritis
Research Consortium of Canada.
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Physician-Scientist Pipeline for Pediatric Rheumatology:
The Current Landscape and Future Perspectives

Ekemini A. Ogbu, MD, MSc,1,2,3 Linda T. Hiraki, MD, ScD,4,5 and Mara L. Becker, MD, MSCE6

Over the past 50 years, the science of pediatric rheumatology has grown exponentially due to an expansion in the
understanding of complex rheumatic conditions and a surge in novel targeted therapeutics. Physician-scientists in
the field of pediatric rheumatology have played major roles in these advancements that have improved the care of chil-
dren, adolescents, and young adults with chronic and often life-threatening systemic inflammatory diseases. Despite
the critical role of the physician-scientist in discovering and translating scientific advancements from the bench to
the bedside and vice versa, which have catapulted the field of pediatric rheumatology, this role remains an endangered
species, with a declining pipeline due to a variety of factors. In this article, we review the current landscape of the
physician-scientist pipeline for pediatric rheumatology on the fiftieth anniversary of the formalization of the specialty
in North America. We review challenges to maintaining a thriving physician-scientist pipeline and discuss future
perspectives.

Introduction

In 1976, building on foundational efforts from early pioneers

who conducted research and cared for children, adolescents,

and young adults with rheumatic diseases, the subspecialty of

pediatric rheumatology was formalized in North America.1 A year

prior, two past presidents of the American Rheumatism Associa-

tion (ARA; now called the American College of Rheumatology

[ACR]), Dr Lawrence Shulman and Dr Gerald Rodnan appointed

the Council of Pediatric Rheumatology within the ARA. The land-

mark international conference, which heralded the formalization

of the specialty, was held March 22 to 25, 1976, in Park City,

Utah. This conference, organized by the ARA Council of Pediatric

Rheumatology, was chaired by Dr Jane Schaller and Dr Virgil

Hanson and was also supported by the Arthritis Foundation, the

Shriners of North America, and the Jeffrey and Adelaide Lazarus

Foundation. With 59 attendees, this conference focused on the

current concepts in pathogenesis, advances, and controversies

around the care of pediatric rheumatic diseases at the time to pro-

pel future directions for the field, including a national program for

research, education, and improved therapies.2 Over the past 50

years, physician-scientists in pediatric rheumatology have greatly

expanded the depth and breadth of knowledge of the pathophys-

iology of complex rheumatic diseases, advanced biotechnological

interventions, and optimized novel and effective therapeutics. The

current spectrum of research in pediatric rheumatology is vast

and includes basic, translational, clinical, epidemiologic, and

health services as well as research in outcomes and medical edu-

cation. Physician-scientists have been critical to this growth.
By consensus, physician-scientists are defined as physicians

who devote the majority of their professional effort (ie, >50%) to a

defined area within the broad continuum of biomedical research

at an academic institution, government agency, industry, or inde-

pendent research centers and institutes.3 A physician-scientist

holds a medical degree, often with a PhD or other advanced

degree in research methods. The physician-scientist engages in

independent biomedical research while often also maintaining a

clinical practice, thus functioning at the interface of science and

medicine, leading the acceleration of discoveries that

would improve the care of patients. This dual role of the

physician-scientist as a clinician and scientist is unique because

they translate discoveries to bedside practice and vice versa,

thereby propelling transformative discoveries and advancements.

As physician-scientists provide clinical care, they have a vantage

opportunity to inform their research with what is most pertinent

and pressing to patients. They also disseminate scientific

knowledge to the science and medical communities as well as

to patients, patients’ families, and the general public.4 Thus,
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maintaining a pipeline for the entry, training, and growth of

physician-scientists in pediatric rheumatology is key to supporting

continued exponential advancements in the science and clinical

care of patients with pediatric-onset rheumatic diseases.
Despite the recognized need for physician-scientists in gen-

eral, the path to becoming one is often arduous, and interest in a
career as a physician-scientist is declining.5,6 In particular, the
pipeline for pediatric rheumatology physician-scientists has been
plagued with challenges in research training, academic career
advancement, and building independent biomedical research
programs. These challenges have been further compounded by
an aging pediatric rheumatology workforce and a notable pre-
dicted shortfall in the number of pediatric rheumatologists needed
to meet the needs of the field.7,8 The objective of this review is to
appraise the current landscape of the physician-scientist pipeline
for pediatric rheumatology on the fiftieth anniversary of the formal-
ization of the specialty and discuss future perspectives and impli-
cations for research in the field.

Methods

For this narrative review, PubMed searches were conducted
using the following medical subject heading terms: “Physician
Scientist”; “Physician scientist” AND “training” AND “Rheumatol-
ogy”; and “Physician scientist” AND “training” AND “education”
AND “mentoring.” Relevant articles published up to December
2025 were included.

The physician-scientist pipeline for pediatric
rheumatology in North America: the current
landscape

In the United States, compared to other pediatric subspecial-
ities (including those with lower procedural burden), pediatric
rheumatology still has one of the lowest number of physicians
per 100,000 children at 0.27 clinical workforce equivalent.8 Correll
et al8 reviewed records from The American Board of Pediatrics,
which showed that as of June 2023, the number of board-
certified pediatric rheumatologists ≤70 years of age was 508. Of
these, 88% had a faculty appointment at an academic institution,
and 49% primarily worked at a medical school or university. Pedi-
atric rheumatologists self-reported being mostly clinical faculty
(71%), and only 15% spent a majority (≥50%) of their time in
research.8 This highlights the small proportion of pediatric rheu-
matologists who are physician-scientists. The median age of
board-certified pediatric rheumatologists was 45 years old, and
one-third (32%) of the 508 pediatric rheumatologists planned to
retire between age 65 to 69 years. Thus, projected estimates indi-
cate a significant decline in the total active pediatric rheumatology
workforce by 2040. With such a small proportion of physician-
scientists at baseline, maintaining a vibrant physician-scientist

workforce in pediatric rheumatology will be even more challeng-
ing, yet it will remain critical.

Raising awareness of the challenges of the physician-scientist
career track in general, and initiatives to enhance the general med-
ical scientific workforce, is long-standing because similar chal-
lenges, although to varying degrees, exist in other specialties.9 In
1979, James B. Wyngaarden, in his address to the Association of
American Physicians titled “The clinical investigator as an endan-
gered species,” highlighted the dwindling numbers of physician-
scientists and was one of the initial prominent voices that raised
the importance of maintaining this subset of researchers in the bio-
medical workforce.9 Dr Wyngaarden was the president of the
Association of American Physicians at the time and would later
become the director of the National Institutes of Health (NIH). The
concern for a diminishing pool of physician-scientists in medicine
in general has been echoed over the past five decades. The NIH
Physician-Scientist Workforce Working Group (PSW-WG) was
convened and charged by the NIH director at the time, Dr Francis
Collins, to examine the current landscape of the physician-scientist
biomedical workforce with a view to make recommendations to
address the gaps. The report from this group in 2014 cited
increases in the cost of medical education, decreases in NIH fund-
ing, more attractive financial compensation offered by clinical prac-
tice versus research, work-life imbalance, lack of mentorship, and
demanding requirements for maintenance of clinical practice as
key challenges confronted by physician-scientists.10

Nearly a decade later, the National Academies of Sciences,
Engineering, and Medicine (NASEM) 2023 report on “Trends in
the pediatric physician–scientist workforce” also acknowledged
the continued decline in the number of physician-scientists plus
other similar issues as the PSW-WG 2014 report. The NASEM
2023 report also highlighted specific challenges in pediatrics,
including MD-PhD graduates opting for pediatric residencies less
often, uncertainties in research funding, an aging physician-
scientist workforce, a decline in the number of new physician-
scientists entering the workforce, and attrition from research
careers at various stages as contributors to the diminishing pool
of physician-scientists.11 There is poor retention of midcareer
physician-scientists in pediatrics in general, and physician-
scientist attrition rates specific to pediatric subspecialties are
unknown. It was noted that, on average, <8% of all pediatric sub-
specialists self-report spending >50% of their professional efforts
on research, from the American Board of Pediatrics 2023 data on
maintenance of certifications. Specifically, 14.2% of pediatric
rheumatologists self-reported spending >50% of their profes-
sional effort on research.

Currently, training for a physician-scientist career in pediatric
rheumatology is similar to most pediatric subspecialities, begin-
ning with medical school, then residency, and then fellowship
(Figure 1).12 Structured advanced training in research can occur
at any of those levels, such as through an MD-PhD program,
research-oriented residency program, and/or a graduate degree
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in a research domain, such as clinical research, epidemiology,
immunology, or public health.13–18 However, early exposure to
the science of pediatric rheumatology is still a challenge because
40% of pediatric residency programs and medical schools do
not have pediatric rheumatologists on faculty, which limits trainee
exposure to the field.19 This lack of exposure to the field of pediat-
ric rheumatology extends to the general public, including primary,
secondary, and undergraduate education levels, which are for-
mative periods for decisions on career options, particularly for sci-
ence, technology, engineering, and mathematics careers.8,20–22

To address the biomedical pipeline challenges, several aca-
demic institutions, albeit large centers with a critical mass of fac-
ulty researchers and resources, have developed programs to
increase local physician-scientist pipelines, which leverage exter-
nal resources from federal funding and private foundations.20,21

The NIH, as the largest funder of biomedical research and training
in the United States, has instituted initiatives, such as the predoc-
toral MD-PhD medical scientist training program,13 predoctoral

and postdoctoral T32 research training grants, K08 and K23
mentored career development awards, the K99 and R00 path-
way to independence award, and KL2 and TL1 Clinical and
Translational Science Awards for qualifying institutions to award
to increase earlier exposure to research and foster successful
transition to independent research.7 The Howard Hughes Medi-
cal Institute (HHMI) established its Early Career Physician-
Scientist award in 2006, supporting physicians within the
HHMI-NIH Research Scholars program. The Burroughs Well-
come Fund created the Physician-Scientist Institutional Awards
program in 2017, which was instituted to support academic
institutions in developing programs that would encourage an
influx of physician-scientists and support effective mentoring.23

From publicly available records on NIH RePORTER, in the past
10 years, the NIH K24 Midcareer Investigator Award has sup-
ported more pediatric rheumatology scientist faculty to devote
time to mentoring early physician-scientists in patient-oriented
research. All of these mechanisms have been beneficial in

Figure 1. The physician-scientist career path. A schematic representation of the leaky physician-scientist pipeline showing transitions from train-
ing to independent research and clinical practice. The block arrows represent training opportunities. The rest of the arrows indicate options for
transitions between training programs: red arrows denote transitions within the standard research-based physician-scientist training pathway;
black arrows with dotted lines indicate other options for transitions for on-ramps; and green arrows indicate points of physician-scientist attrition
from research-focused careers. *Faculty-scientists may also obtain graduate-level training in research, such as master’s and/or PhD. PSTP,
physician-scientist training program; RiR, research in residency. Source: Adapted from Williams et al.13 Used with permission of JCI Insight. Per-
mission obtained through Copyright Clearance Center. Re-created in https://www.biorender.com/ by Dr Ogbu.
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training the physician-scientist workforce, although accurate sum-
mative data on the proportion of pediatric rheumatology physician-
scientists who have received these awards are not readily available,
so direct impact on the field is hard to quantify. Moreover, “success
metrics,” such as summative data on the rate of recipients achiev-
ing their first independent NIH R01 or R01-type award and at what
average age or stage of career, are not readily available.

Specific opportunities to support the development of pediat-
ric rheumatologists interested in a career in research have used
joint partnerships between national pediatric and rheumatologic
associations and foundations. The Association of Medical School
Pediatric Department Chairs Pediatric Scientist Development
Program added one new position for pediatric rheumatology in
2026. This position is cofunded by the Rheumatology Research
Foundation (RRF), Childhood Arthritis and Rheumatology
Research Alliance (CARRA), and the Arthritis Foundation, and it
will support a pediatric rheumatology fellow (MD, DO, or MD/PhD)
who is pursuing a long-term research career in childhood rheu-
matic diseases. Other mentored career development awards for
pediatric rheumatology physician-scientists are offered separately
by the RRF, CARRA, the Arthritis Foundation, and other disease-
specific foundations, such as the Lupus Research Alliance. Over-
all, these opportunities can be leveraged to strengthen the current
pediatric rheumatology physician-scientist workforce pipeline,
although some specific barriers and facilitators to the field of pedi-
atric rheumatology must be taken into consideration.

Barriers and facilitators to physician-scientist
careers in pediatric rheumatology

In 2014, Ogdie et al24 surveyed US-based members of the
ACR to determine perceived barriers to and facilitators of a career
in rheumatology research. They received 502 (9.2%) responses
from surveying 5,448 recipients. However, 72 responses were
incomplete, duplicates, or from nonrheumatologists and so were
excluded. Of the 430 final respondents included in the report,
62 were pediatric rheumatologists, and 17 were pediatric rheu-
matology fellows. There were 309 adult rheumatologists and
42 adult rheumatology fellows.24 The majority of respondents
(305; 71%) were at academic centers, of which 171 (147 faculty
and 24 fellows) were actively pursuing research careers. Of the
171 currently in research, 134 (78%) and 100 (58%) had ≥50%
and ≥70% research effort, respectively. The most commonly per-
ceived barriers to a career in research included lack of funding
and lack of outstanding mentorship. Provision of these two fac-
tors, as well as specific funding for early investigators, protected
research time, institutional support, and personal skills or traits
(eg, hard work, resilience, initiative, persistence, and passion)
were felt to be necessary facilitators for a career in research.

Several of the 430 respondents had received some form of
research funding, ranging from foundation fellowship or postdoc-
toral awards (n = 92; 21%), foundation career development

awards (n = 99; 23%), NIH Loan Repayment Programs (n = 24;
6%), NIH K series or Veterans Affairs career development awards
(n = 76; 18%), NIH R01 awards (n = 59; 14%), other NIH
awards (n = 71; 17%), and any other grants (n = 141; 33%). How-
ever, collectively, attrition across the spectrum of basic, clinical,
epidemiologic, and translational research career paths was high
at 23% (n = 97), often occurring at a median of 7 years after fel-
lowship training (interquartile range 2–14 years). The most com-
mon reasons for attrition from a research career included
difficulty in obtaining research funding and lack of departmental
and divisional support, which included lack of protected time
(Table 1).24 Other reasons included lack of institutional research
infrastructure, clear career path, and access to mentorship. Local
politics and conflicts, including with division chiefs, were also rea-
sons for leaving. Additional suggestions the authors made for
facilitating physician-scientist careers included early research
exposure from medical school through fellowship, grant writing
training, peer mentoring, formal research training, standards for
research training in fellowship or a core research curriculum,
career development workshops, improved investigator compen-
sation, and access to loan repayment programs.

With the rising demands of clinical care, the shortfall in the
pediatric rheumatology clinical workforce, and clinical care being
more financially profitable, protecting time for research is often a
challenge for academic health centers. Physician-scientists hold
a “dual identity” as both scholars and active practitioners who
generate revenue for the health system,25 which is a reality that
may be hard to navigate as the workforce shrinks and clinical
needs in the field grow. Defining the value proposition for pediatric
rheumatology clinical care and research may help address this
barrier. In such a relatively new subspeciality, the need for scien-
tific innovation is paramount to advance the field. In the same
study by Ogdie et al,24 participants suggested that the ACR had
a role in educating department chairs, division chiefs, and fellow-
ship directors on how best to support physician-scientists,
including investigators from institutions without strong research

Table 1. Causes of attrition from research careers from on a survey
of 97 US-based adult and pediatric rheumatology physician-
scientists*

Factor
Physician-scientists

(N = 97), n (%)

Difficulty obtaining grant funding 55 (57)
Lack of divisional and departmental
support

51 (53)

Better compensation 38 (39)
Lack of mentorship 38 (39)
Tired of writing grants 33 (34)
Personal reasons, such as family or moved
to preferred geographic location

26 (27)

Desire to spend more time in clinical care 20 (21)
Industry opportunity 10 (10)
Not enjoying research work 6 (6)

* Source: Adapted from Ogdie et al.24
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infrastructure. However, specific details on the preferred scope of
education or format to adopt in liaising with department and divi-
sional leadership were not reported.

In Canada, impediments to research careers for physician-
scientists, inclusive of pediatric rheumatologists, have been iden-
tified as rising medical school tuition costs, salaries and funding
for research, and poor mentorship.26 These challenges were fur-
ther worsened by the termination of the MD-PhD program grants
by the Canadian Institutes of Health Research in 2016.26 Thus, a
national consensus conference was convened in 2016 to address
the declining physician-scientist workforce, specifically to give
recommendations for training programs and support for early
career physician-scientists.27 It was recommended that an inde-
pendent national council be established to provide oversight of
physician-scientist training programs, offer multiyear funding,
and track outcomes. In addition, funding of a physician-scientist
trainee was to be viewed as portable and distinct from the opera-
tional funding provided to a training program. It was recom-
mended to develop capacity for funding and mentorship
support, develop diverse networks of physician-scientists with
other scientists, and ensure that research methodologies were
integrated in medical school curricula.26,27

Structured research mentorship models in
pediatric rheumatology

Lack of effective mentoring is one of the most common bar-
riers to research career success.23 There have beenmultipronged
structured mentorship approaches to sustain the physician-
scientist pipeline from trainee level to independent faculty in pedi-
atric rheumatology. Beyond efforts at the academic institution and
federal level, initiatives from the ACR, the RRF, and CARRA have
also helped to provide platforms for longitudinal mentorship spe-
cific to the pediatric rheumatologist.

The ACR/CARRAMentoring Interest Group (AMIGO) is a col-
laboration that started in 2010 following a survey of the ACR and
CARRA membership that supported mentorship and networking
as key unmet needs in pediatric rheumatology as well as a net-
working symposium in 2011.28 Mentees and mentors, both from
the United States and Canada, are matched based on comple-
mentary career paths, including physician-scientist paths in basic,
translational, or clinical research, and other reported career devel-
opment needs. The AMIGO mentors are at the assistant profes-
sor level and above. The AMIGO mentees are fellow trainees or
junior faculty (instructors or assistant professors). Junior faculty
mentors are matched with fellows, and senior faculty mentors
(associate professors and full professors) are matched with junior
faculty.

A study to evaluate the outcomes of the AMIGO program
from 2011 to 2018 was recently published in 2024.29 The results
showed continued interest in the program by mentees and men-
tors, with steady growth in the number of active mentor-mentee

dyads, and overall participation in AMIGO at about 66% (331 of
504) of the entire US and Canadian pediatric rheumatology com-
munity. However, the long-term impact of the AMIGO program
on the development of the pediatric rheumatology physician-
scientist mentee to independence is yet to be systematically
determined.

The Rheumatology Research Workshop, annually organized
by the ACR Committee on Research, the ACR Early Career Inves-
tigator Committee, and the RRF, provides an avenue for educa-
tion in the rudiments of successful research careers, peer
networking, and establishing longitudinal mentorship between
early and established pediatric rheumatology physician-scientists.
Travel grants are provided for investigators to attend the Rheuma-
tology Research Workshop.

Similarly, CARRA’s Early Career Investigator Workgroup
identifies the needs of this unique subgroup of researchers and
provides support, peer mentoring, and advocacy. CARRA also
offers grant mechanisms to not only fund mentored career
development projects, but also travel grants for early career
investigators to attend the VERITY/Brigham Course in Rheuma-
tology Clinical Research, the annual European Paediatric
Rheumatology Congress, and the Eureka International Summer
Course on Translational Medicine in Utrecht, the Netherlands.

Pediatric rheumatology physician-scientist
pipeline: the global perspective

Maintaining a viable pipeline for physician-scientists in pedi-
atric rheumatology and a thriving independent research career is
a shared global responsibility. Although there are national and
regional peculiarities in undergraduate and postgraduate training,
such as length of training, there are shared themes in the barriers
and solutions to research success.30–32 The end goal of raising
the next generation of successful scientists is the same, and the
physician-scientist has a role in driving initiatives that would sus-
tain the research pipeline.30

The Eureka Institute for Translational Medicine was founded
in 2008 by Drs Berent Prakken and Salvatore Albani, both pediat-
ric rheumatologists. Based in Italy, this nonprofit supports a global
network of universities and research organizations by offering
virtual schools and international courses at the graduate and
postgraduate levels for clinician-scientists, inclusive of physician-
scientists and nonclinician-scientists.6,33,34 Specific to pediatric
rheumatology, the Eureka Institute for Translational Medicine has
had a long-standing partnership with CARRA to support a one-
week summer experience in the Netherlands in translational med-
icine for trainees and early stage investigators. This model has
provided longitudinal external mentorship within a scientific com-
munity for budding pediatric rheumatology physician-scientists.35

In 2017, there was a meeting of The International Expert Group on
the Clinician–Scientist Workforce comprising representatives
from the Eureka Institute of Translational Medicine, Association
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of American Medical Colleges, Association of Faculties of Medi-
cine of Canada, and Royal College of Physicians and Surgeons
of Canada, as well as trainees and independent researchers.
Their two-day meeting aimed to identify the current institutional
and societal gaps in supporting future physician-scientists and
other scientists and generate solutions for addressing those
gaps.36 Three key proposed solutions came from this meeting:
(1) appropriately articulate the value proposition of clinician-
scientists, inclusive of physician-scientists. The value proposition
of the clinician-scientist has been hampered by lack of clear defi-
nitions and measurable metrics that capture the broad impact of
the clinician-scientist within the biomedical sciences and health
care stratosphere. (2) Support professionalization and profes-
sional identity development of the clinician-scientist. The rationale
was the perception that most funding and promotion structures
rewarded full-time scientists and clinicians but did not adequately
address those combining clinical practice and research. Finally,
(3) continue integration of clinical and research training, as
through MD-PhD programs, and at the postgraduate and post-
doctoral level.36

Similar to North America, the Emerging EULAR Network
(EMEUNET), which is a network of young rheumatologists and
researchers within EULAR, has initiatives to support emerging
researchers in pediatric and adult rheumatology.37 EMEUNET
conducted a survey in 2012 to understand the perceptions of
the landscape of mentoring for rheumatology in Europe and the
benefit of having a structured mentoring program within EULAR.
Of the 248 responses from 30 European countries, 52% (n =
128) reported the existence of formal mentoring programs in their
countries. Only 2 of 248 reported completing pediatric rheumatol-
ogy specialty training. However, the majority of responses (82%; n
= 181 of 221) agreed with the need for a formal mentoring pro-
gram through EULAR.

Future perspectives on the pediatric
rheumatology physician-scientist pipeline

Physician-scientists will continue to play a key role in future
biomedical advancements in the field of pediatric rheumatology.
Intentionally building a physician-scientist workforce across the
various research categories for pediatric rheumatology remains
necessary to maintain this specialty at the cutting-edge of discov-
ery and innovative clinical care delivery. Sustaining a vibrant pediat-
ric rheumatology physician-scientist workforce must involve
measures that (1) increase interest in pediatric rheumatology as a
career for research as well as clinical care; (2) increase opportuni-
ties to engage in research at different career stages; (3) support
resiliency in research; (4) decrease departures from the physician-
scientist pipeline; (5) promote and sustain effective mentorship sys-
tems; and (6) strengthen a diverse, comprehensive scientific com-
munity in terms of the focus of science (from bench to
bedside), inclusive of those disadvantaged from accessing

opportunities to pursue research careers (such as individuals
underrepresented in medicine and trainees from academic institu-
tions without established strong research training or infrastruc-
ture).38–42

Preserving entry to the pediatric rheumatology physician-
scientist pipeline would require specific consideration when
changes to medical school, residency, and fellowship curricular
and competencies are being determined.43–46 New changes in
US pediatric residency program requirements by the Accredita-
tion Council of Graduate Medical Education were proposed in
2025.47 These changes include an increase in individualized cur-
riculum time, which could provide an opportunity for additional
and earlier exposure to the pediatric rheumatology specialty. An
increasing number of publications related to length of subspeci-
alty fellowship training, inclusive of pediatric rheumatology, have
emerged. Many note that excellent competency-based clinical
training can be achieved in less than the currently prescribed
three-year period, and distinct additional training pathways for fel-
lows interested in a long-term career as physician-scientists could
be considered.48–53 Although flexibility in pediatric rheumatology
fellowship training has several merits, the potential impact of cur-
riculum adjustments on physician-scientist training needs to be
thoughtfully weighed to sustain interest in this career path and
early exposure to research methodology and mentorship. Entrus-
table Professional Activities have previously been defined for
translational scientists, which could be applied to pediatric
rheumatology.54

Additionally, research training for the pediatric rheumatology
physician-scientist should include preparedness for diverse
research career trajectories and effective mentorship.55–59 The
NIH Biomedical Research Workforce Working Group was tasked
with developing a model for sustainable and diverse biomedical
research workforce. The 2012 executive summary from this
group highlighted the limitation of graduate training programs in
preparing graduates for diverse careers in research in various
aspects (such as academia, pharmaceuticals, and research insti-
tutes), and although training should be improved by the pro-
grams, it should not add to the length of training.60

Supporting resiliency through mentorship is necessary for
retention of the pediatric rheumatology physician-scientist work-
force. Dr Michelle Kahlenberg, a renowned rheumatology
physician-scientist, emphasized the benefit of longitudinal sup-
portive mentorship and openness of mentors in her editorial,
“Mentorship of physician scientists: a critical imperative,” dis-
cussing both successes and seeming failures in research with
their mentees to support resiliency in research.61–64 Dr Kahlen-
berg noted,

“Roughly 90% of grants are not funded. Acceptance rates at

top-tier journals vary but run at around 10%. Failure in aca-

demic medicine is the norm, not the exception.” (Dr Michelle

Kahlenberg)61
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A perspective commentary from the Society for Pediatric
Research also supports this stance, noting that effective mentor-
ship is relevant in all stages of the research career, including early
and midcareer.22 Effective mentoring builds on a strong mentor-
mentee relationship, which is defined as a dynamic, reciprocal
relationship in a work environment between an advanced career
incumbent (the mentor) and a beginner (the mentee), aimed at
promoting the development of both.62 Undoubtedly, structured
institutional mentoring programs tailored toward the physician-
scientist is beneficial for cultivating an effective mentoring atmo-
sphere. In addition, given the success of the unique AMIGO
model for fostering networking in the North American pediatric
rheumatology community beyond practice location and academic
institutional confines, harnessing this already existing model to
specifically offer effective mentorship for physician-scientists and
track outcomes is feasible and will be of utmost value.

Conclusions

Since formalization of the field in North America 50 years ago,
pediatric rheumatologists have continued to improve the care
provided to children, adolescents, and young adults with rheu-
matic diseases, despite a small workforce that is in jeopardy of
more significant future shortfalls. The role of the physician-
scientist is particularly at risk, yet it is crucial to advancing the
understanding of the complex autoimmune and autoinflammatory
conditions faced in the clinic and optimizing ways to treat and
even cure these conditions. Thoughtful, intentional, multipronged
global approaches are necessary to preserve and enhance the
pediatric rheumatology physician-scientist pipeline. This will be
necessary to advance our understanding of complex and severe
immunologic diseases, develop biotechnological interventions,
and optimize clinical care that will improve outcomes for children,
adolescents, and young adults with rheumatic diseases.
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R E V I EW A R T I C L E

Three Decades of Health Care Transition in Rheumatology:
Progress, Challenges, and Future Directions

Sarah D. Bayefsky, MD, MSEd1,2 and Joyce C. Chang, MD, MSCE3

The revolution of treatment advances for children with rheumatic diseases since the advent of pediatric rheumatol-
ogy has coincided with the growing recognition that many of these children will continue to require long-term rheuma-
tology care after reaching adulthood. Moreover, it has become evident that effective, systematic approaches are
needed to help adolescents and young adults (AYAs) with pediatric rheumatic diseases learn to manage their health
independently and succeed in an adult-oriented model of health care. In this narrative literature review, we provide a
historical perspective on health care transition and its relevance to the field of rheumatology. Second, we review sem-
inal literature on outcomes of transition and transition-related needs of AYAs with pediatric-onset rheumatic diseases.
Third, we describe interventions designed to improve health care transition for AYAs with pediatric rheumatic diseases.
Lastly, we discuss remaining knowledge gaps and future directions for the field.

Introduction

Up to 50% of adolescents and young adults (AYAs) with

pediatric-onset rheumatic disease are lost to follow-up in the pro-

cess of moving from a family-centered model of health care to an

adult-oriented care.1–3 This statistic is especially concerning given

the ongoing disease activity and severity in this population. Active

disease and requirements for disease-modifying antirheumatic

drugs frequently persist into adulthood for individuals with juvenile

idiopathic arthritis (JIA),4–6 whereas those with childhood-onset

systemic lupus erythematosus (cSLE) and juvenile dermatomyosi-

tis are at risk for greater long-term morbidity due to more frequent

and severe major organ involvement compared to adult-onset

counterparts.7,8 Less common but highly morbid conditions,

such as vasculitis, sarcoidosis, and systemic autoinflammatory

diseases, also frequently require ongoing care in adulthood.9–11

As concluded from a survey of pediatric rheumatologists, the “rar-
ity, chronicity, and complexity” of pediatric-onset rheumatic dis-

eases pose significant challenges to the care of transitioning

AYAs, and more effective health care transition management con-

stitutes a “clear area for improvement.”12

The term “transition” was initially defined by the Society of

Adolescent Medicine as “the purposeful, planned movement

of adolescents and young adults with chronic physical and medi-

cal conditions from child-centered to adult-oriented health-care

systems.”13 This definition has expanded over time to encom-

pass the active and planned process of preparing young people

for the adult health system, as well as the transfer (ie, the “hand-
off”) and integration into adult care.14 In this narrative literature

review, we discuss (1) the history of health care transition and its

contextualization within rheumatology, (2) transition outcomes

and challenges to effective transition, (3) interventions aimed at

improving transition outcomes, and (4) remaining knowledge

gaps and priorities for future study.

Methods. This work constitutes a narrative literature review
of published data. It did not involve interaction with human partic-

ipants or collection of primary data. As such, it did not require

oversight by an institutional review board.

Where it all started: The history of health care
transition and its relevance to rheumatology

In 1989, the US Surgeon General, Dr C. Everett Koop, held a

surgeon general’s conference, “Growing Up and Getting Medical

Care,” from which a call to action was issued: develop plans for

establishing guidelines for transition and outline the basis of finan-

cial coverage.15 The Maternal and Child Health Bureau (MCHB),

directed by Dr Merle McPherson, was tasked with implementing
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this mandate and subsequently funded a series of special pro-
jects related to transition, as well as the first national resource
center on transition, Got Transition. In 2002, the first consensus
statement on transition by the American Academy of Pediatrics
(AAP), American Academy of Family Physicians (AAFP), and
American College of Physicians (ACP)–American Society of Inter-
nal Medicine highlighted the growing number of children with spe-
cial health care needs who were surviving into adulthood.16 The
timing was fitting for the field of rheumatology, in which the devel-
opment of drugs during the late 1990s and early 2000s—namely
targeted biologic therapies—revolutionized the treatment of many
rheumatic diseases and shifted the focus from survival to long-
termmanagement. The 2002 consensus statement tasked physi-
cians caring for AYAs to develop knowledge and skills to facilitate
the transition process. The creation of an individualized health
care transition plan, maintenance of a medical summary, and
identification of a health care professional who would assume
responsibility for the patient’s health care transition were among
the key recommendations.16 The British Department of Health
called for these interventions with similar urgency in a 2004
National Service Framework publication.17

Both early statements aligned with a growing recognition of
unmet transition needs within rheumatology among health care
providers, patients, and families. Rheumatology health care pro-
fessionals were noted to have a lack of education on the subject
of transition.18,19 Adolescents with JIA and their caregivers
expressed a desire for a more individualized assessment of an
adolescent’s needs.20 Hersh et al21 showed that missed appoint-
ments and disease flares were common among AYAs with rheu-
matic diseases during the transfer period, highlighting the need
for systematic care processes to ensure seamless transfer of
care. The first description of a coordinated transition program for
AYAs with pediatric rheumatic diseases was published by Rettig
and Athreya22 in 1991, in which provision of transitional care by
an MCHB-funded nurse coordinator and social worker resulted
in high retention rates in adult care. Thereafter, additional studies
began to show that coordinated efforts to support the transition
process for AYAs with JIA and SLE could positively impact quality
of life and disease activity, respectively.23,24 These efforts paral-
leled the emergence of dedicated transition interventions for
youth with other chronic conditions, such as type 1 diabetes mel-
litus, inflammatory bowel disease, and kidney transplant,
designed to address the high rates of emergency care use and
hospitalizations, graft loss, and mortality following transfer to adult
care.25–27

The 2010s marked the development of frameworks empha-
sizing the principles and goals of health care transition, as well
as process models to guide health care professionals through
actionable steps to achieve effective transitions. The 2011
AAP/AAFP/ACP “Clinical Report on Transition” described the
implementation of transition-based practices and became
the basis for the widely used process model, “Six Core Elements

of Health Care Transition.” This model aligns with a broader
framework in the United States’ national program, Got Transition,
which includes advocacy for systems-level and policy
changes.14,28 These six elements—transition policy/guide, transi-
tion tracking and monitoring, transition readiness, transition plan-
ning, transfer of care, and transfer completion—continue to be
championed today to accomplish the goals of improving AYAs’
ability to manage their health in a developmentally appropriate
manner, organizing a seamless transfer between health systems,
and ensuring integration and engagement with adult-centered
care. The contemporary version 3.0 of the Six Core Elements
places greater emphasis on the integration into adult-oriented
care in alignment with the 2018 update of the AAP/AAFP/ACP
Clinical Report on Transition and therefore includes separate
packages tailored to adult and dual internal medicine–pediatrics
(Med-Peds) providers (Figure 1) in addition to pediatric pro-
viders.14,29 Similar guidance was established in other countries,
such as the United Kingdom, where the National Institute for
Health and Care Excellence (NICE) 2016 Guidelines grew out of
the foundation laid by the 2004 National Service Framework.
The NICE Guidelines additionally recommend a dedicated transi-
tion coordinator to help AYAs navigate both medical care and
social services.30 Consensus recommendations, guides,
and checklists specific to the care of AYAs with pediatric-onset
rheumatic diseases subsequently emerged across Europe31–34

and parts of Asia.35–37 These resources emphasize the gradual,
intentional, years-long processes involving patients, caregivers,
pediatric services, and adult services that are required to meet
the transitional care needs of AYAs with pediatric rheumatic
diseases.

Transition outcomes in rheumatology

The Institute for Healthcare Improvement’s “Triple Aim” is an
evaluation framework that has been used as a barometer for
effective health care transition based on the achievement of three
goals: improving patient experience of care (eg, satisfaction),
reducing cost (eg, gaps in care, service use), and improving
population health (eg, adherence, disease-specific measures,
patient-reported outcomes).38 In the context of rheumatology,
the literature to date has described transitions as falling short of
achieving these goals. A qualitative systematic review of patients’
experiences transitioning to adult rheumatology highlighted feel-
ings of abandonment, a fear of the unknown, and a perception
of invalidation in adult care among youth with childhood-onset
rheumatic diseases.39 Regarding cost, there are a number of
observational studies that have documented significant gaps in
care and poor service use.40 For example, the mean time
between the final pediatric and first completed adult rheumatol-
ogy visit has ranged in US studies from seven to nine
months,21,41,42 despite pediatric rheumatologists’ assertion that
seeing an adult rheumatologist within six months of the final
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pediatric rheumatology visit is a “very important” outcome of the
transition process.43

With respect to population health outcomes, the impact of
care discontinuity on disease-specific measures, patient-
reported outcomes, and damage accrual is substantial. Gaps
in medical care of more than six months have been shown to
correlate with significantly more pain, functional impairments,
and overall worse health status among young adults with JIA in
Germany.44 The peri-transfer period for young adults with JIA is
marked by a high prevalence of persistent pain and self-reported
anxiety or depression.45 Several studies of transferring AYAs
with cSLE have demonstrated lower rates of medication adher-
ence, increased emergency care visits, and increased constitu-
tional symptoms, albeit no differences in disease activity
measures compared to those remaining in pediatric care.46–48

Importantly, alarming rates of end-stage renal disease or death
(15%) have been described in young adults with cSLE during
the posttransfer period,42 as well as increased rates of anxiety,
depression, and damage accrual.41 These findings highlight the
consequences of ineffective transitions and the urgent need for

systematic approaches to support AYAs with rheumatic condi-
tions through this vulnerable period.

Barriers to transition care in rheumatology

Barriers to transition care for AYAs with rheumatic conditions
span system, patient, and provider levels. At the system level, dis-
continuity in insurance coverage has been identified as a strong
determinant of delays during transfer of care for AYAs living in
the United States.42,49 However, even among privately insured
AYAs with cSLE transferring to adult care, over 25% experienced
a gap in care of over 12 months, highlighting the multifactorial
nature of transition barriers.46 For health care teams, the lack of
standardized care processes to support transition leave AYAs
with rheumatic conditions ill-prepared for adult-oriented care
models across various global contexts. For example, in their
single-center US study, Jensen et al50 showed that only 40% of
AYAs with chronic disease, 56% of whom had a rheumatic dis-
ease, reported ever having discussed transition to adult care with
their pediatric provider. In Europe, a survey of pediatric

Figure 1. Components of a structured transition process defined by the Six Core Elements of Health Care Transition version 3.0, tailored to dif-
ferent types of practice models that may be transferring or receiving adolescents and young adults with special health care needs. Source:
White P, Schmidt A, Shorr J, et al. Six Core Elements of Health Care Transition 3.0. Got Transition, The National Alliance to Advance Adolescent
Health; 2020. Accessed January 8, 2026. https://www.gottransition.org/six-core-elements/.29
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rheumatologists revealed that although 99% of pediatric rheuma-
tologists agree that a formalized process is necessary, over one-
quarter worked at centers that did not offer any transition ser-
vices.51 Dolezalova et al12 also cited the lack of standardized clin-
ical guidelines and insufficient planning related to management of
the transition process across Europe, highlighting the need for a
structured approach. Moreover, the lack of a universally agreed-
upon definition of “successful transition” or set of specific mea-
sures to use within the Triple Aim framework52 complicates local
goal-setting efforts by health care providers. For example, with
respect to service use outcomes, some studies consider a single
visit to the adult rheumatology clinic to constitute a successful
transfer,53 others require two visits,54 and still others report a
“dropout” after two consecutive visits missed.55 On the other
hand, a retrospective investigation in Turkey required annual adult
rheumatology visits for the duration of follow-up to be considered
a successful transfer, and only 8.2% of over 2,500 patients met
these criteria.56

Psychosocial factors emerge as a central barrier to smooth
transitions from pediatric-to-adult–centered care. AYAs with
rheumatic disease describe emotional difficulties during their tran-
sition from pediatric-to-adult–centered care—a time in which
even healthy peers undergo significant developmental challenges.
They have reported feeling confronted during transition by the
long-term nature of their disease, judging the adult health care
setting to be “stressful” and “gloomy,” and finding it difficult to
“warm up” to adult rheumatologists who did not demonstrate
interest in their personal goals.57 Emotional attachments to and
reliance on pediatric providers are a major challenge.49 Young
adults with cSLE have attributed “their indecision and delay in
deciding crucial components of their healthcare” in the adult
health system58 to their close relationship with pediatric providers.
They have also recommended prioritizing research aimed at miti-
gating poor psychological outcomes.59 Knight et al60 proposed
a psychosocial model of an “illness experience” and noted that
AYAs with cSLE who have negative illness identities described dif-
ficulty transitioning to adult care. From the perspective of health
care providers, mental health support for patients, resilience and
coping strategies, balance in family involvement, and peer sup-
port have been identified as psychosocial facilitators of effective
transitional care.61 These studies point to the importance of
addressing psychosocial needs of AYAs throughout the transition
process.

Equally pressing is a lack of training in transitional care
among pediatric and adult rheumatology providers. Following
broader dissemination of the AAP/AAFP/ACP Clinical Report on
Transition and the Six Core Elements, knowledge about transi-
tional care improved among surveyed pediatric rheumatologist
members of the Childhood Arthritis and Rheumatology Research
Alliance (CARRA). However, there has not been widespread
adoption of structured health care transition processes. Only
17% of pediatric rheumatology offices had a transition policy,

and 63% of pediatric rheumatologists did not consistently
address the topic of transition with patients.62 Knowledge gaps
among adult rheumatologists also remain a concern due to dis-
comfort with conditions less commonly seen in adult-onset
disease (eg, uveitis and temporomandibular joint arthritis)4,63,64

and best practices for transitional care. A survey of adult rheuma-
tologists in the United States found that 37% did not have a plan
for receiving patients transitioning from pediatric care, 45% had
not received education in transition practices, 75% were not
familiar with the 2002 consensus statement, and 93% were
unsatisfied with the current transition process.65 Further, in a sur-
vey of adult rheumatologists in Canada, despite significant inter-
est in learning about transition best practices, 74% had no
formal training, only 40% felt comfortable discussing psychoso-
cial concerns, only 13% had sufficient resources to address
transition-related concerns, and over 75% lacked time and remu-
neration for providing transitional care.66 Adult rheumatologists in
Japan similarly expressed interest but lack of preparation for
treating AYAs with pediatric rheumatic diseases.67 These findings
highlight the need to incorporate transitional care into formal train-
ing pathways and address provider-level barriers to integration of
AYAs into adult rheumatology care.

Interventions to improve transition outcomes

The previous sections have highlighted the deficiencies in
rheumatologic transition care and the need for interventions to
address transition barriers and improve outcomes. In the broader
context of supporting health care transition of youth with special
health care needs, there is evidence that structured health care
transition processes improve various outcomes within the Triple
Aim, as outlined in systematic reviews by Gabriel et al52 and
Schmidt et al68. Many of the included studies focused on condi-
tions with similar complexity as rheumatic diseases, including type
1 diabetes and inflammatory bowel disease. Those with positive
outcomes described multiple intervention components, most
commonly related to transfer assistance, transition planning
and/or care coordination, and sometimes support for integration
in adult care.68,69 In pediatric rheumatology, a number of health
care transition interventions have been implemented to improve
transition outcomes for youth with pediatric rheumatic conditions
within various contexts. The outcome measures used to evaluate
these interventions vary widely across studies. We categorize the
interventions according to a qualitative assessment of their focus:
(1) transition policies, (2) transition readiness assessment, (3) des-
ignation of a transition coordinator, (4) educational initiatives, and
(5) multicomponent transition programs with or without a dedi-
cated transition clinic.

Transition policies/guides. The use of a written transition
policy or guide to establish shared expectations about the transi-
tion process is a core component of the Six Core Elements. AYAs
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have shared their recommendations that a transition policy be
clearly displayed, introduced to patients between ages 12 and
14 years old, discussed specifically with each patient, and framed
as a process through which AYAs would be supported by their
pediatric rheumatologist.70 Most often, transition guides are
included as one aspect of a multicomponent intervention.23,53,71

There is one multicenter study in which implementation of a writ-
ten transition guide was studied as a discrete intervention. A
one-group pretest–posttest design was used to evaluate the
effectiveness of a learning collaborative to implement transition
guides and demonstrated an average increase in the proportion
of AYAs who reported receiving a transition policy and discussing
transfer planning with their care team.72

Transition readiness. Several studies focus on the imple-
mentation of transition readiness assessments, which are
intended to help identify and address gaps in knowledge and
self-management skills in AYAs with rheumatic diseases. In a US
study, baseline scores of the validated Transition Readiness
Assessment Questionnaire (TRAQ) did not predict time to transfer
to an adult provider.50 However, with the use of a locally adapted
readiness assessment that included the TRAQ in Singapore,
higher baseline scores were associated with adult clinic atten-
dance, and lower baseline scores were used to personalize
patient–family educational interventions.73 Additional studies have
also assessed the use of the TRAQ at a single time point across
various global contexts, including the United States, Portugal,
Turkey, and Serbia.74–77 Of note, no associations between socio-
economic status or parental education and results of the TRAQ
have been identified.75,77 Other transition readiness assessments
that have been used in the pediatric rheumatology context include
the Transition-Q, a 14-item questionnaire focused solely on
self-management skills,78 and the Readiness for Transition Ques-
tionnaire, which has been used to show that patients were ill-
prepared for adult-oriented care.79 Disease-specific transition
readiness assessment tools include Readiness for Adult Care in
Rheumatology, which was developed, validated, and imple-
mented in Canada for use with patients with JIA,80 as well as the
Transition-KompAZ, developed in Germany, which includes items
assessing disease-related knowledge and competencies.81

Argraves et al82 outlined challenges of building a sustainable
model for tracking transition readiness in a US outpatient pediatric
rheumatology practice but demonstrated that quality improve-
ment methodology and clinical informatics principles could be
successfully leveraged; whether this change in process associ-
ates with better transition outcomes remains to be determined.
Overall, although transition readiness assessments have
been used in a variety of settings, their longitudinal use has rarely
been evaluated, and it is not well described whether the functional
goal of remediating identified gaps has been accomplished as
intended.83

Transition coordinator. The designation of a transition
coordinator has been considered impactful across a variety of
settings. However, the functional role of transition coordinators
and their professional backgrounds (eg, nursing, social work,
case management) vary across studies. Jensen et al54 showed
that the integration of a social worker in an American pediatric
rheumatology clinic to help patients establish and progress
toward transition-related goals, facilitate care coordination, and
track patient appointments led to higher rates of successful tran-
sition (defined as attendance at two adult rheumatology visits)
compared to patients who did not enter the program. In the con-
text of the Aboriginal population in Australia, Mitchell et al84 noted
that transition coordinators can also function as patient advocates
to address language and cultural barriers. A nurse coordinator
who addressed logistical challenges and facilitated communica-
tion with patients and families was associated with positive trans-
fer outcomes among a Canadian cohort of AYAs with vasculitis,
including a mean of four months between the last pediatric and
first adult visit and only two no-shows at the first adult visit.10 Sim-
ilarly, support from a nursing champion and other nonphysician
clinical staff was identified as being an important facilitator of shar-
ing transition guides with patients and families across the CARRA
Transition Learning Collaborative.85 Most recently, Samuel et al86

conducted a randomized controlled trial to test the effectiveness
of a patient navigator intervention in reducing rates of short-term
care visits among AYAs with chronic diseases (18%–20%
of whom had rheumatic diseases) in Canada. The core functions
of the navigator were to support patients with adherence to care,
engagement with health services, and development of self-
management skills. Although there was no overall difference
in short-term care use, a statistically nonsignificant reduction in
short-term care visits among participants with mental health con-
ditions in the navigator arm suggested that AYAs with mental
health needs may benefit more from these types of interventions.

Educational initiatives. Researchers have evaluated
endeavors to educate rheumatology providers and patients about
transition-related matters. On the provider side, a workshop fol-
lowed by an observed structured clinical examination on transition
care increased adult rheumatology fellows’ competence in orient-
ing patients to adult care, eliciting a history from an AYA patient
and family, and performing a confidential social history.87 From
the patient perspective, a French transition program (centered in
adult rheumatology but coordinated with pediatric centers) that
largely consisted of education about the disease, treatments,
and specifics of adult care, led to more regular follow-up for
patients with pediatric-onset familial Mediterranean fever.11 In
addition, AYAs with rheumatic diseases viewed knowledge of
the Six Core Elements as important to their success in navigating
the adult health care system and recommended that an “educa-
tion care plan” about the Six Core Elements be introduced as “a
means to independent self-management and self-advocacy.”

TRANSITIONAL CARE FOR PEDIATRIC RHEUMATIC DISEASES 1337



They also suggested that health care transition be contextualized
within other life milestones.70 These findings emphasize the value
and importance of transition education at multiple levels and high-
light the need for co-design of transition interventions with the
intended AYA recipients.

Multicomponent transition programs. Given that the
goals of health care transition encompass supporting AYAs in
learning to manage their own health care as well as ensuring an
organized process of preparation, transfer, and integration into
adult care, many reports of transition programs have naturally
been complex, multicomponent interventions (Table 1). In one of
the earliest examples, McDonagh et al91 designed a transition
program for patients with JIA across 10 centers in the
United Kingdom that included a transition policy, transition coor-
dinator, individualized transition plan, and informational resources
for adolescents, parents, and health professionals. Challenges of
this initiative included inconsistent adoption across centers (eg,
only 2 of 10 centers used a written transition policy despite provi-
sion of the template) and limited feedback regarding the
resources developed for the program. Nevertheless, health-
related quality of life as assessed by the Juvenile Arthritis Quality
of Life Questionnaire improved over a 12-month period despite
stable disease activity. Similar transitional care models have been
developed and tailored to other contexts.96 Hilderson et al92

tested the impact of a transition program in Belgium with eight
components, including a transition coordinator, patient and par-
ent education, a peer meeting, and transfer plan, for adolescents
with JIA. Considered one of the more rigorous evaluations of a
transition intervention for rheumatology, the study employed
a quasi-experimental, one-group pretest–posttest design as well
as a posttest-only comparison with a nonequivalent control group
of adolescents who had been transferred to adult rheumatology
without the transition program. Compared to the control group,
program participants reported higher self-perceived health status,
as measured by the Pediatric Quality of Life Inventory. In
Germany, a transition pathway led by a case manager consisted
of (1) a newly developed questionnaire, (2) education and coun-
seling by a multidisciplinary team based on questionnaire results
(including psychological counseling per request), (3) a medical
summary, and (4) joint consultation with the pediatric and adult
rheumatologist. The mean ± SD cumulative costs of the educa-
tion and counseling sessions was 283 ± 164 euros, writing the
medical summary 34.2 ± 12.3 euros, and coordinating the transi-
tion process 57.3 ± 15.4 euros. The authors considered these
costs to be acceptable given the presumed medical complica-
tions that would be avoided, but a formal cost-effectiveness anal-
ysis was not conducted.93 Balancing the impact and resource
use of complex intervention components becomes especially
important in health systems with resource constraints.

A growing number of multicomponent transition programs in
rheumatology have described the establishment and outcomes of

transition clinics, defined as programs dedicated to the intentional
and planned transition of youth with chronic diseases from
pediatric-to-adult–centered care.97 Many transition clinic models
involve joint consultations between pediatric and adult rheumatol-
ogy providers to facilitate coordination and build familiarity with
adult providers; some also integrate allied health professionals to
deliver parts of the intervention focusing on disease or self-
management education (Table 1). Minden et al98 were among
the first to describe the creation of a transition clinic with joint
pediatric and adult rheumatology transition consultations. This
occurred in the context of a broader effort—the Berlin Transition
Program—to develop an integrated care pathway for German
youth that involved a written transition program, and coordination
of individualized transition-specific services with the assistance of
a case manager, though no outcome evaluation was described.
Stringer et al88 described high satisfaction among patients who
received multidisciplinary evaluations in a dedicated transition
clinic in Canada consisting of a pediatric rheumatologist, adult
rheumatologist, pediatric rheumatology nurse, and pediatric
physical therapist. Approximately 25% of survey respondents
reported no consistent follow-up with an adult rheumatologist,
although none of these respondents had been scheduled with
the adult rheumatologist taking part in the Halifax transition clinic.
Other multidisciplinary transition clinic models used the “Mind
the Gap” scale (developed in the United Kingdom by Shaw et
al99) to demonstrate patient satisfaction with the transition clinic
and identify gaps in care.100,101 Some transition clinics are physi-
cally located in the adult clinic, such as the dedicated adolescent
JIA clinic in the Netherlands described by Walter et al89, which
was associated with (1) a decreased dropout rate, and (2) high
self-reported self-management skills after transfer to adult rheu-
matology. In contrast, Overbury et al53 described a transition
clinic in the United States where a Med-Peds residency-trained
adult rheumatologist was embedded within a pediatric rheumatol-
ogy clinic to administer a modular curriculum that included a tran-
sition policy, transition readiness assessment, education
regarding medications and diagnosis, and counseling on differ-
ences between pediatric and adult care. All participants went on
to have at least one visit at the adult rheumatology clinic within a
median of five months.

Taken together, these studies show that interventions aimed
at improving the success of pediatric-to-adult transitions within
rheumatology can be implemented in local settings across a wide
variety of health systems, cultures, and environments. They also
illustrate the relevance of the Six Core Elements in guiding the
development and implementation of transition programs.

Remaining knowledge gaps and priorities for
future study

Despite the large, growing population of AYAs with special
health care needs, the increased recognition of adverse transition
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Table 1. Examples of multicomponent interventions to support transition in the rheumatology context*

Study (country) Recipients (n analyzed)
Core intervention
functions (goals)

Form (structures/
activities)

Design and outcome
evaluation

Dedicated “transition clinic”
Stringer et al 88

(Canada)
Older teens in pediatric
rheumatology care with
upcoming transfer to
adult rheumatology
(N = 51)

Facilitate collaboration
between pediatric and
adult provider; develop
transition or transfer
plan; increase access to
allied health services

Joint consultations by
pediatric and adult
rheumatologist;
transition clinic on
pediatric side with nurse
and physical therapist

Uncontrolled
observational; patient
satisfaction; 74%
reported regular
follow-up with an adult
rheumatologist, and
26% without were
transferred to provider
other than the
transition clinic
provider

Walter et al89 (the
Netherlands)

AYAs transferred to adult
rheumatology care
(N = 154)

Develop individualized
transition plan; enhance
communication between
pediatric and adult
provider; build familiarity
with adult provider;
increase access to allied
health services

Joint consultation by
pediatric and adult
rheumatologist;
adolescent clinic staffed
by pediatric providers on
adult side with nurse and
physical therapist

Uncontrolled
observational; patient
satisfaction; dropout
rate (5.1% in adult
clinic, 1.3% in
adolescent clinic)

Overbury et al53

(United States)
AYAs with rheumatology
needs (N = 57)

Educate and prepare
patients to
independently manage
care; establish shared
expectations for
transition process;
assess transition
readiness

Transition visits on
pediatric side with dual
Med-Peds
rheumatologist who
delivered modular
curriculum: transition
policy, readiness
assessment/care plan;
medical summary;
expectations of adult
care; revisions to care
plan

Posttest-only comparison
with nonequivalent
control; no-show rates
(15%–16%) equivalent
between transition
clinic and pediatric
rheumatology clinic;
first adult clinic
attendance rate of
100% (22 of 22)

El Tal et al
(Canada)90

AYAs with cSLE transferring
from adolescent clinic to
adult care (N = 164)

Facilitate collaboration and
communication between
pediatric and adult
provider; educate
patients and caregivers;
create comanagement
structure; build
familiarity; collaborate on
transition plan

Joint consultation on
pediatric side; transition
letter (medical
summary); adolescent
internal medicine–led
youth workshop and
social work–led caregiver
group; joint consultation,
followed by alternating
care in dedicated AYA
clinic on adult side (over
four years); postclinic
review of progress

Uncontrolled
observational; AYA
clinic attendance (first
visit, second visit);
retention in AYAs or
graduation to regular
adult clinic

Other transition programs
McDonagh et al91

(United Kingdom)
Adolescents with JIA and
their parents (N = 308)

Facilitate development and
use of individualized
transition plans; educate
patients and parentsa

Templates for transition
policies and
individualized transition
plans; review transition
plans at every visit;
provide informational
resources to patients
and parents

One-group pretest–
posttest and
comparison with
pseudocontrol group;
health-related quality
of life improved among
participants, albeit no
significant difference
with pseudocontrols

Hilderson et al92

(Belgium)
Adolescents with JIA and
their parents (N = 33
families)

Educate patients and
enhance self-
management; address
psychosocial needs;
educate parents; meet
peers; develop

Transition coordinator (1)
schedules visits to
deliver education, (2)
provides referral info, (3)
develops transfer plan,
and (4) joins first adult

Mixed methods with
embedded one-group
pretest–posttest and
posttest only with
nonequivalent control;
self-perceived health

(Continued)
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outcomes, and the dissemination of national health policies and
guidelines, widespread implementation of structured transition
interventions has proved difficult to achieve. According to the
National Survey of Children’s Health, only 21.8% of youth with
special health care needs in the United States received transition
services to adult care in 2022 to 2023.102 This systemic defi-
ciency has resulted in a crisis of accountability, wherein young
adults are often left to navigate fragmented systems and gaps in
health care access alone. The Six Core Elements is a framework
that, by virtue of being an operational roadmap for clinical practice
workflow, focuses accountability on health care teams. In con-
trast, transition frameworks in high-income countries with univer-
sal health care, such as the United Kingdom, focus on the
integration of social services with a dedicated transition coordina-
tor and/or social service manager, resulting in accountability
being shared across health, social, and education service sec-
tors.30 These differences raise questions about who is ultimately
responsible for ensuring successful transitions and for providing
the resources necessary for high-quality transitional care. The
relationships between social drivers and adverse transition
outcomes,103 as well as the aforementioned psychosocial factors
unique to transition-age AYAs with chronic conditions, suggest
that deeper integration of social determinants of health with tran-
sition and implementation frameworks may be especially impor-
tant in settings where access to health care is not guaranteed. In
the United States, where insurance coverage can have substan-
tial influence on transition outcomes, there are important efforts
underway to support reimbursement for transitional care that

may eventually be enacted by governing bodies, as laid out in
the 2025 Medicaid and Children’s Health Insurance Program
Payment and Access Commission report on transitions of care
for youth with special health care needs.104

To support enactment of recommended policies, more
widespread adoption by health care organizations, and buy-in
from payers, there needs to be stronger evidence that struc-
tured transition interventions not only improve health outcomes
but can also be sustained and scaled. Future studies should
seek to employ more rigorous designs and consider implemen-
tation hurdles in the initial design phase. With respect to effec-
tiveness studies, transition research in the context of
rheumatology faces similar challenges as other disciplines,40

including practicability, ethical concerns about randomization,
contamination within practices/organizations necessitating
cluster-level evaluations, and underlying heterogeneity of transi-
tional care that make both individual and cluster-level compari-
sons even more difficult.23 This is likely why there have been so
few randomized controlled trials of transition interventions, only
one of which included patients with pediatric rheumatic condi-
tions.86 However, this limitation does not preclude study
designs from applying the most rigorous quasi-experimental
methods whenever possible, describing the interventions in suf-
ficient detail such that they can be replicated or applying estab-
lished frameworks for the development and evaluation of
complex interventions to facilitate implementation.105 In many
cases, this may require broadening from a single disease focus
to larger categories of special health care needs.68

Table 1. (Cont’d)

Study (country) Recipients (n analyzed)
Core intervention
functions (goals)

Form (structures/
activities)

Design and outcome
evaluation

individualized transfer
plan; confirm transfer
completionb

care visit; “adolescent
information day” (one-
day workshop run in
parallel for adolescents
and parents)

status (medium effect
size of 0.46 for both
pre–post and
comparative analyses);
qualitative themes:
improved psychosocial
health, little impact on
knowledge or self-
management
behaviors

Choukair et al
(Germany)93

Adolescents with
autoimmune disorders
(N = 58)

Facilitate care
coordination; assess
readiness and provide
individualized education
to patients; address
psychosocial needs;
facilitate communication
between pediatric and
adult provider

Case manager coordinates
transition and transfer
visits; refer patients to
psychology, social–legal
team as needed; joint
pediatric–adult
consultation when
possible, otherwise
phone or written
communication

Uncontrolled
observational; total
cost of consultation
and educational
sessions

* AYA, adolescent or young adult; cSLE, childhood-onset systemic lupus erythematosus; JIA, juvenile idiopathic arthritis; Meds-Peds, internal
medicine–pediatrics.
a These functions are as detailed in McDonagh et al. 200694
b These functions are as detailed in Hilderson et al. 201395
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Scalability is a major concern that has not been adequately
addressed to date in transition literature, contributing to the per-
sistently low rates of AYAs with chronic conditions receiving tran-
sitional care services. Many “successful” transitional care models
that have been described in pediatric rheumatology as well as
other contexts are complex, multicomponent interventions. In
some cases, the core functions of the intervention are incom-
pletely described, and the necessity of each discrete component
for intervention effectiveness is seldom evaluated. Addressing
these issues is especially important given that the resource inten-
sity of multicomponent interventions remains a major threat to
fidelity, sustainability, and scalability. To date, no studies have
evaluated cost-effectiveness of implementation.68 As such, there
remains a relative paucity of data on transition to adult care in
low- and middle-income countries, and literature on the applica-
bility of transition frameworks or adaptability of structured transi-
tion interventions in these contexts is still emerging.73,96,106,107

Future studies of multicomponent transition programs in rheuma-
tology could draw from the Multiphase Optimization Strategy, a
method of building and evaluating complex interventions for opti-
mal effectiveness at the minimum required intensity (“dos-
age”).108 Considering these issues up-front will help to increase
the likelihood that effective transition interventions reach the AYAs
with rheumatic diseases who need them.

Conclusions

In conclusion, the need to support transition of AYAs with
childhood-onset rheumatic diseases from pediatric-to-adult care
has been increasingly recognized in the field of rheumatology
and in the broader context of caring for children with special
health care needs. Existing frameworks for transitional care have
long emphasized a number of structured transition processes,
and yet, most AYAs still lack necessary transition services, experi-
ence gaps in care, and remain at increased risk for poor clinical
and psychosocial outcomes. The literature to date evaluating
interventions to support transition among AYAs with rheumatic
conditions is considerably heterogeneous with respect to which
components are included and how they are delivered, which in
part reflects the diversity of local contexts in which pediatric and
adult rheumatologists practice. Synthesizing what has been
gleaned to date can give health care teams a starting point from
which to develop their own context-specific care models and pro-
cesses. From a broader perspective, moving the needle to
improve process-related, psychosocial, and clinical outcomes of
transition will likely require a three-pronged approach. The first is
to consider implementation at the initial design phase, which
necessitates co-design with AYAs, their caregivers, pediatric
and adult health care teams, health system leaders, and policy-
makers. Transition-oriented interventions into adult practices are
particularly needed. The second is to clarify the definition of “suc-
cessful transition” and to include long-term data in evaluating

outcomes and cost-effectiveness. The third is to strengthen the
evidence base for innovative models of care by using rigorous
study designs, clearly documenting the core functions of the inter-
ventions and how their forms are tailored to context, and broad-
ening beyond a single disease focus. Doing so would help
increase the chances that health care transition goals can be real-
ized for all AYAs with rheumatic diseases across various health
system contexts.
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56. Demirci YıldırımT, _Işgüder R, Karaçura E, et al. Pediatric to adult rheu-
matology transition: success rates, influencing factors, and evolving
diagnoses and treatments. Arch Rheumatol 2024;39(4):662–669.
doi:https://doi.org/10.46497/ArchRheumatol.2024.10749

57. Jiang I, Major G, Singh-Grewal D, et al. Patient and parent perspec-
tives on transition from paediatric to adult healthcare in rheumatic
diseases: an interview study. BMJ Open 2021;11(1):e039670. doi:
https://doi.org/10.1136/bmjopen-2020-039670

58. Tunnicliffe DJ, Singh-Grewal D, Chaitow J, et al. Lupus means sacri-
fices: perspectives of adolescents and young adults with systemic
lupus erythematosus. Arthritis Care Res (Hoboken) 2016;68(6):
828–837. doi:https://doi.org/10.1002/acr.22749

59. Tunnicliffe DJ, Singh-Grewal D, Craig JC, et al. Healthcare and
research priorities of adolescents and young adults with systemic
lupus erythematosus: a mixed-methods study. J Rheumatol 2017;
44(4):444–451. doi:https://doi.org/10.3899/jrheum.160720

60. Knight A, Vickery M, Fiks AG, et al. The illness experience of youth
with lupus/mixed connective tissue disease: a mixed methods analy-
sis of patient and parent perspectives. Lupus 2016;25(9):1028–
1039. doi:https://doi.org/10.1177/0961203316646460

61. Bitencourt N, Kramer J, Bermas BL, et al. Clinical team perspectives
on the psychosocial aspects of transition to adult care for patients
with childhood-onset systemic lupus erythematosus. Arthritis Care
Res (Hoboken) 2021;73(1):39–47. doi:https://doi.org/10.1002/acr.
24463

62. Johnson KR, Edens C, Sadun RE, et al; CARRA Transition Work-
group. Differences in healthcare transition views, practices, and bar-
riers among North American pediatric rheumatology clinicians from
2010 to 2018. J Rheumatol 2021;48(9):1442–1449. doi:https://doi.
org/10.3899/jrheum.200196

63. Minden K. Adult outcomes of patients with juvenile idiopathic arthri-
tis. Horm Res 2009;72(suppl 1):20–25. doi:https://doi.org/10.
1159/000229759

64. Glerup M, Tagkli A, Küseler A, et al. Incidence of orofacial manifesta-
tions of juvenile idiopathic arthritis from diagnosis to adult care

TRANSITIONAL CARE FOR PEDIATRIC RHEUMATIC DISEASES 1343

https://doi.org/10.1007/s10875-024-01838-y
https://doi.org/10.1093/mr/roab071
https://doi.org/10.1080/14397595.2021.1918858
https://doi.org/10.1186/s12969-024-01047-2
https://doi.org/10.1542/peds.2014-1704
https://doi.org/10.1093/rheumatology/keaa168
https://doi.org/10.3899/jrheum.220262
https://doi.org/10.1177/0961203316640913
https://doi.org/10.1177/0961203316640913
https://doi.org/10.1002/acr.24409
https://doi.org/10.1002/acr.24409
https://doi.org/10.3899/jrheum.130615
https://doi.org/10.1007/s00393-014-1378-z
https://doi.org/10.1007/s00393-014-1378-z
https://doi.org/10.3899/jrheum.220514
https://doi.org/10.3899/jrheum.220514
https://doi.org/10.3899/jrheum.191029
https://doi.org/10.1177/0961203320938868
https://doi.org/10.1177/0961203320938868
https://doi.org/10.55730/1300-0144.5900
https://doi.org/10.55730/1300-0144.5900
https://doi.org/10.1002/acr.22611
https://doi.org/10.1186/s12969-017-0197-6
https://doi.org/10.1186/s12969-017-0197-6
https://doi.org/10.1186/s12969-017-0179-8
https://doi.org/10.1186/s12969-017-0179-8
https://doi.org/10.1016/j.jpeds.2017.05.066
https://doi.org/10.1016/j.jpeds.2017.05.066
https://doi.org/10.1186/s12969-021-00651-w
https://doi.org/10.1186/s12969-021-00651-w
https://doi.org/10.1186/s12969-015-0013-0
https://doi.org/10.1186/s12969-015-0013-0
https://doi.org/10.46497/ArchRheumatol.2024.10749
https://doi.org/10.1136/bmjopen-2020-039670
https://doi.org/10.1002/acr.22749
https://doi.org/10.3899/jrheum.160720
https://doi.org/10.1177/0961203316646460
https://doi.org/10.1002/acr.24463
https://doi.org/10.1002/acr.24463
https://doi.org/10.3899/jrheum.200196
https://doi.org/10.3899/jrheum.200196
https://doi.org/10.1159/000229759
https://doi.org/10.1159/000229759


transition: a population-based cohort study. Arthritis Rheumatol
2023;75(9):1658–1667. doi:https://doi.org/10.1002/art.42481

65. Zisman D, Samad A, Ardoin SP, et al. US adult rheumatologists’ per-
spectives on the transition process for young adults with rheumatic
conditions. Arthritis Care Res (Hoboken) 2020;72(3):432–440. doi:
https://doi.org/10.1002/acr.23845

66. Prasad M, Batthish M, Beattie K, et al. A survey of Canadian adult
rheumatologists’ knowledge, comfort level, and barriers in assessing
psychosocial needs of young adults with rheumatic diseases. Rheu-
matol Int 2023;43(8):1479–1484. doi:https://doi.org/10.1007/
s00296-023-05337-y

67. Matsui T, Matsumoto T, Hirano F, et al. Survey of the awareness of
adult rheumatologists regarding transitional care for patients with
juvenile idiopathic arthritis in Japan. Mod Rheumatol 2018;28(6):
981–985. doi:https://doi.org/10.1080/14397595.2018.1430546

68. Schmidt A, Ilango SM, McManus MA, et al. Outcomes of pediatric to
adult health care transition interventions: an updated systematic
review. J Pediatr Nurs 2020;51:92–107. doi:https://doi.org/10.
1016/j.pedn.2020.01.002

69. Gabriel P, McManus M, Rogers K, et al. Outcome evidence for struc-
tured pediatric to adult health care transition interventions: a system-
atic review. J Pediatr 2017;188:263–269.e15. doi:https://doi.org/
10.1016/j.jpeds.2017.05.066

70. Carandang K, Wells CK, Guglielmo D, et al. Adolescents’ and young
adults’ recommendations for implementing healthcare transition in
rheumatology: a mixed methods study. Arthritis Care Res
(Hoboken) 2023;75(6):1228–1237. doi:https://doi.org/10.1002/acr.
24977

71. De Nardi L, Pastore S, Benaly H, et al. Transition-related outcomes
among a cohort of patients with juvenile idiopathic arthritis. Clin
Rheumatol 2025;44(3):1377–1384. doi:https://doi.org/10.1007/
s10067-025-07317-y

72. Chang JC, Alonzi G, Sears C, et al; CARRA Transition Workgroup.
Transition guide dissemination to foster patient-care team conversa-
tions: a Childhood Arthritis Rheumatology Research Alliance transi-
tion learning collaborative pilot implementation study. ACR Open
Rheumatol 2025;7(1):e11753. doi:https://doi.org/10.1002/acr2.
11753

73. Teh K, Hoh S, Chan SW, et al. Experience of an Asian paediatric rheu-
matology transition programme: high success rate with the use of tran-
sition readiness assessment tool. Singapore Med J 2026;67:S56–
S61. doi:https://doi.org/10.4103/singaporemedj.SMJ-2021-279

74. Lazaroff SM, Meara A, Tompkins MK, et al. How do health literacy,
numeric competencies, and patient activation relate to transition
readiness in adolescents and young adults with rheumatic diseases?
Arthritis Care Res (Hoboken) 2019;71(9):1264–1269. doi:https://
doi.org/10.1002/acr.23739

75. Monteiro JB, Figueiredo AS, Paulino SG, et al. Transition readiness
assessment in Portuguese adolescents and young adults with
pediatric-onset rheumatic diseases: a single-center study. ARP
Rheumatol 2024;3(3):196–205. doi:https://doi.org/10.63032/
IYRF3521

76. Batu ED, Balik Z, Sener S, et al. Transitioning from pediatric to adult-
oriented healthcare in rheumatology: the pediatric side of the coin.
Rheumatology (Oxford) 2025;64(3):1003–1009. doi:https://doi.org/
10.1093/rheumatology/keae254

77. Lazarevi�c D, Stamenkovi�c H, Stankovi�c T, et al. Impact of biologic
therapy, school success, parent’s education and socioeconomic
status on transition readiness in adolescents with juvenile idiopathic
arthritis and their parents. Indian Pediatr 2025;62(11):809–812. doi:
https://doi.org/10.1007/s13312-025-00188-1

78. McColl J, Semalulu T, Beattie KA, et al. Transition readiness in ado-
lescents with juvenile idiopathic arthritis and childhood-onset

systemic lupus erythematosus. ACR Open Rheumatol 2021;3(4):
260–265. doi:https://doi.org/10.1002/acr2.11237

79. Vermé A, Wenemark M, Jungner JG, et al. Ready to leave? – Adoles-
cents’ and parents’ perceptions of transition from paediatric to adult
rheumatology care. BMC Health Serv Res 2024;24(1):795. doi:
https://doi.org/10.1186/s12913-024-11265-9

80. Spiegel L, Tucker L, Duffy KW, et al. Development and validation of
the RACER (Readiness for Adult Care in Rheumatology) transition
instrument in youth with juvenile idiopathic arthritis. Pediatr Rheuma-
tol Online J 2021;19(1):83. doi:https://doi.org/10.1186/s12969-
021-00579-1

81. Haney H, Klotsche J, Niewerth M, et al. Assessing competencies,
needs, and satisfaction with the transition from pediatric to adult
health care in rheumatology: development and validation of the
Transition-KompAZ. J Rheumatol 2024;51(10):1023–1032. doi:
https://doi.org/10.3899/jrheum.2024-0097

82. Argraves M, Murray E, Taxter A, et al. Implementation of an auto-
mated transition readiness assessment in a pediatric rheumatology
clinic. Front Pediatr 2024;12:1457651. doi:https://doi.org/10.3389/
fped.2024.1457651

83. Sawicki GS, Lukens-Bull K, Yin X, et al. Measuring the transition
readiness of youth with special healthcare needs: validation of the
TRAQ--Transition Readiness Assessment Questionnaire. J Pediatr
Psychol 2011;36(2):160–171. doi:https://doi.org/10.1093/jpepsy/
jsp128

84. Mitchell AG, Belton S, Johnston V, et al. Transition to adult care for
Aboriginal children with rheumatic fever: a review informed by a
focused ethnography in northern Australia. Aust J Prim Health
2018;24(1):9–13. doi:https://doi.org/10.1071/PY17069

85. Chang JC, Sears C, Bitencourt N, et al. Implementation of rheuma-
tology health care transition processes and adaptations to systems
under stress: a mixed-methods study. Arthritis Care Res (Hoboken)
2023;75(3):689–696. doi:https://doi.org/10.1002/acr.24822

86. Samuel S, Punjwani Z, San Martin-Feeney D, et al. Effectiveness of
patient navigation during transition to adult care: a randomized clini-
cal trial. JAMA Pediatr 2025;179(4):375–382. doi:https://doi.org/
10.1001/jamapediatrics.2024.6192

87. Sadun RE. Mind the gap: improving care in pediatric-to-adult rheuma-
tology transition through education. Rheum Dis Clin North Am 2020;
46(1):103–118. doi:https://doi.org/10.1016/j.rdc.2019.09.008

88. Stringer E, Scott R, Mosher D, et al. Evaluation of a rheumatology
transition clinic. Pediatr Rheumatol Online J 2015;13(1):22. doi:
https://doi.org/10.1186/s12969-015-0016-x

89. Walter M, Kamphuis S, van Pelt P, et al. Successful implementation
of a clinical transition pathway for adolescents with juvenile-onset
rheumatic and musculoskeletal diseases. Pediatr Rheumatol Online
J 2018;16(1):50. doi:https://doi.org/10.1186/s12969-018-0268-3

90. El Tal T, Steiman A, Knight A, et al. Evaluation of a pediatric-adult
dyad care model for transitioning youth with childhood-onset sys-
temic lupus erythematosus. J Rheumatol 2025;52(11):1151–1158.
https://doi.org/10.3899/jrheum.2025-0046

91. McDonagh JE, Southwood TR, Shaw KL; British Society of Paediat-
ric and Adolescent Rheumatology. The impact of a coordinated tran-
sitional care programme on adolescents with juvenile idiopathic
arthritis. Rheumatology (Oxford) 2007;46(1):161–168. doi:https://
doi.org/10.1093/rheumatology/kel198

92. Hilderson D, Moons P, Van der Elst K, et al. The clinical impact of a
brief transition programme for young people with juvenile idiopathic
arthritis: results of the DON’T RETARD project. Rheumatology
(Oxford) 2016;55(1):133–142. doi:https://doi.org/10.1093/
rheumatology/kev284

93. Choukair D, Patry C, Lehmann R, et al. Resource utilization and
costs of transitioning from pediatric to adult care for patients with
chronic autoinflammatory and autoimmune disorders. Pediatr

BAYEFSKY AND CHANG1344

https://doi.org/10.1002/art.42481
https://doi.org/10.1002/acr.23845
https://doi.org/10.1007/s00296-023-05337-y
https://doi.org/10.1007/s00296-023-05337-y
https://doi.org/10.1080/14397595.2018.1430546
https://doi.org/10.1016/j.pedn.2020.01.002
https://doi.org/10.1016/j.pedn.2020.01.002
https://doi.org/10.1016/j.jpeds.2017.05.066
https://doi.org/10.1016/j.jpeds.2017.05.066
https://doi.org/10.1002/acr.24977
https://doi.org/10.1002/acr.24977
https://doi.org/10.1007/s10067-025-07317-y
https://doi.org/10.1007/s10067-025-07317-y
https://doi.org/10.1002/acr2.11753
https://doi.org/10.1002/acr2.11753
https://doi.org/10.4103/singaporemedj.SMJ-2021-279
https://doi.org/10.1002/acr.23739
https://doi.org/10.1002/acr.23739
https://doi.org/10.63032/IYRF3521
https://doi.org/10.63032/IYRF3521
https://doi.org/10.1093/rheumatology/keae254
https://doi.org/10.1093/rheumatology/keae254
https://doi.org/10.1007/s13312-025-00188-1
https://doi.org/10.1002/acr2.11237
https://doi.org/10.1186/s12913-024-11265-9
https://doi.org/10.1186/s12969-021-00579-1
https://doi.org/10.1186/s12969-021-00579-1
https://doi.org/10.3899/jrheum.2024-0097
https://doi.org/10.3389/fped.2024.1457651
https://doi.org/10.3389/fped.2024.1457651
https://doi.org/10.1093/jpepsy/jsp128
https://doi.org/10.1093/jpepsy/jsp128
https://doi.org/10.1071/PY17069
https://doi.org/10.1002/acr.24822
https://doi.org/10.1001/jamapediatrics.2024.6192
https://doi.org/10.1001/jamapediatrics.2024.6192
https://doi.org/10.1016/j.rdc.2019.09.008
https://doi.org/10.1186/s12969-015-0016-x
https://doi.org/10.1186/s12969-018-0268-3
https://doi.org/10.3899/jrheum.2025-0046
https://doi.org/10.1093/rheumatology/kel198
https://doi.org/10.1093/rheumatology/kel198
https://doi.org/10.1093/rheumatology/kev284
https://doi.org/10.1093/rheumatology/kev284


Rheumatol Online J 2024;22(1):28. doi:https://doi.org/10.1186/
s12969-024-00963-7

94. McDonagh JE, Shaw, KL, Southwood TR. Growing up and moving
on in rheumatology: development and preliminary evaluation of a
transitional care programme for a multicentre cohort of adolescents
with juvenile idiopathic arthritis. J Child Health Care 2006;10(1):22–
42. https://doi.org/10.1177/1367493506060203

95. Hilderson D, Westhovens R, Wouters C, et al. Rationale, design and
baseline data of a mixed methods study examining the clinical
impact of a brief transition programme for young people with juvenile
idiopathic arthritis: the DON’T RETARD project. BMJ Open 2013;
3(12):e003591. https://doi.org/10.1136/bmjopen-2013-003591

96. Ariane A, Oey C, Sumariyono S, et al. Autoimmune rheumatic transi-
tional care model development. BMC Rheumatol 2024;8(1):38. doi:
https://doi.org/10.1186/s41927-024-00407-5

97. Ramirez LN, Hoyos ME, Mosquera-Pongut�a AC, et al. Transition
clinics in pediatric rheumatology in Colombia: reflection on a neces-
sary shortcomings. Adv Rheumatol 2025;65(1):1. doi:https://doi.
org/10.1186/s42358-024-00419-2

98. Minden K, Niewerth M, Müther S. Berlin transition program: from
adolescents to adults in rheumatology treatment. Z Rheumatol
2014;73(6):526–531. doi:https://doi.org/10.1007/s00393-014-
1377-0

99. Shaw KL, Southwood TR, McDonagh JE; British Society of Paediat-
ric and Adolescent Rheumatology. Development and preliminary val-
idation of the ‘Mind the Gap’ scale to assess satisfaction with
transitional health care among adolescents with juvenile idiopathic
arthritis. Child Care Health Dev 2007;33(4):380–388. doi:https://
doi.org/10.1111/j.1365-2214.2006.00699.x

100. Dushnicky MJ, Fine C, Cellucci T, et al. Mind the Gap: a longitudinal
analysis of the experiences of adolescents and parents in a rheuma-
tology transition clinic. J Clin Rheumatol 2023;29(5):235–239. doi:
https://doi.org/10.1097/RHU.0000000000001988

101. Overbury RS, Eddington D, Sward K, et al. Patient and parent per-
spectives on an academic rheumatology transition clinic. Health

Care Transit 2025;3:100094. doi:https://doi.org/10.1016/j.hctj.
2024.100094

102. Minnaert JJ, Hirai AH, Donney JF, et al. National Survey of Children’s
Health: children and youth with special health care needs,
2022-2023. Data brief. Maternal and Child Health Bureau, Health
Resources and Services Administration. December 2025. Accessed
February 25, 2026. https://mchb.hrsa.gov/sites/default/files/mchb/
data-research/nsch-data-brief-cyshcn-2022-2023.pdf

103. Bailey K, Avolio J, Lo L, et al. Social and structural drivers of health
and transition to adult care. Pediatrics 2024;153(1):e2023062275.
doi:https://doi.org/10.1542/peds.2023-062275

104. Medicaid and CHIP Payment and Access Commission. Children and
youth with special health care needs transitions of care. In: June
2025 Report to Congress on Medicaid and CHIP. Medicaid and
CHIP Payment and Access Commission; 2025. Accessed March
11, 2026. https://www.macpac.gov/wp-content/uploads/2025/06/
MACPAC_June-2025-Chapter-1.pdf

105. Skivington K, Matthews L, Simpson SA, et al. A new framework for
developing and evaluating complex interventions: update of Medical
Research Council guidance. BMJ 2021;374:n2061. doi:https://doi.
org/10.1136/bmj.n2061

106. Anelli CG, Amorim ALM, Osaku FM, et al. Challenges in transitioning
adolescents and young adults with rheumatologic diseases to adult
care in a developing country – the Brazilian experience. Pediatr
Rheumatol Online J 2017;15(1):47. doi:https://doi.org/10.1186/
s12969-017-0176-y

107. García-Rodríguez F, Arana-Guajardo AC, Villarreal-Treviño AV, et al.
Design of a rheumatology transition clinic for a resource-constrained
setting. Indian J Pediatr 2023;90(1):29–37. doi:https://doi.org/10.
1007/s12098-022-04102-6

108. Collins LM, Murphy SA, Strecher V. The Multiphase Optimization
Strategy (MOST) and the Sequential Multiple Assignment Random-
ized Trial (SMART): new methods for more potent eHealth interven-
tions. Am J Prev Med 2007;32(5 Suppl):S112–S118. doi:https://
doi.org/10.1016/j.amepre.2007.01.022

TRANSITIONAL CARE FOR PEDIATRIC RHEUMATIC DISEASES 1345

https://doi.org/10.1186/s12969-024-00963-7
https://doi.org/10.1186/s12969-024-00963-7
https://doi.org/10.1177/1367493506060203
https://doi.org/10.1136/bmjopen-2013-003591
https://doi.org/10.1186/s41927-024-00407-5
https://doi.org/10.1186/s42358-024-00419-2
https://doi.org/10.1186/s42358-024-00419-2
https://doi.org/10.1007/s00393-014-1377-0
https://doi.org/10.1007/s00393-014-1377-0
https://doi.org/10.1111/j.1365-2214.2006.00699.x
https://doi.org/10.1111/j.1365-2214.2006.00699.x
https://doi.org/10.1097/RHU.0000000000001988
https://doi.org/10.1016/j.hctj.2024.100094
https://doi.org/10.1016/j.hctj.2024.100094
https://mchb.hrsa.gov/sites/default/files/mchb/data-research/nsch-data-brief-cyshcn-2022-2023.pdf
https://mchb.hrsa.gov/sites/default/files/mchb/data-research/nsch-data-brief-cyshcn-2022-2023.pdf
https://doi.org/10.1542/peds.2023-062275
https://www.macpac.gov/wp-content/uploads/2025/06/MACPAC_June-2025-Chapter-1.pdf
https://www.macpac.gov/wp-content/uploads/2025/06/MACPAC_June-2025-Chapter-1.pdf
https://doi.org/10.1136/bmj.n2061
https://doi.org/10.1136/bmj.n2061
https://doi.org/10.1186/s12969-017-0176-y
https://doi.org/10.1186/s12969-017-0176-y
https://doi.org/10.1007/s12098-022-04102-6
https://doi.org/10.1007/s12098-022-04102-6
https://doi.org/10.1016/j.amepre.2007.01.022
https://doi.org/10.1016/j.amepre.2007.01.022


R E V I EW A R T I C L E

Juvenile Myositis: Insights on Classification, Pathogenesis,
and Therapies Over the Past 50 Years

Lucy R. Wedderburn, MD, PhD,1,2,3 Brian M. Feldman, MD, MSc, FRCPC,4,5 and Lisa G. Rider, MD6

The juvenile idiopathic inflammatory myopathies (JIIMs) are rare, serious, multisystem autoimmune diseases affect-
ing children and young people. Fifty years ago, the prognosis for these conditions was poor, with high morbidity and
mortality, and very few treatments were available. Since then, there has been major growth in our understanding of
the pathogenesis and evidence basis for treatment. Early descriptions considered juvenile dermatomyositis (JDM) to
be essentially one disease. Our modern understanding has shown that there are different types of JIIMs, and that
although JDM remains the most prevalent, even JDM itself is highly heterogenous. Much progress has beenmade pos-
sible through concomitant growth in the research community with a focus on JIIMs and the fact that the myositis
research and clinical communities are highly collaborative internationally. Here, we review the growing understanding
of the different types of childhood myositis; the developments in classification, driven in part by recognition of associ-
ations of particular phenotypes with specific myositis autoantibodies; the novel insights into pathogenesis of the JIIMs;
the therapeutic targets that these have revealed; and the evidence for, and development of, modern treatment care
pathways, which have changed radically in recent decades. This has resulted in improved outcomes for children and
young people with JIIMs and hope for further groundbreaking developments.

Introduction

Insights into the underlying clinical features and pathome-

chanisms of childhood-onset (juvenile) idiopathic inflammatory

myopathies (JIIMs) date back more than 50 years. Major progress

in understanding the clinical features and pathogenesis of JIIM,

and in the development of new therapies, has been made in

recent decades, related to several key developments in research

collaboration, registry development, and research support.

National registries for JIIMs were established in the mid-1990s in

the United States and United Kingdom and later in other coun-

tries, which contained significant patient numbers with detailed

clinical data and linked biospecimens.1 These registries facilitated

the advancement of our understanding of the clinical spectrum

and epidemiology of JIIMs, risk factors for poor outcomes, and

pathogenesis and biomarkers, as detailed below. Collaborative

research networks both across the whole life course in myositis

as well as within the juvenile dermatomyositis (JDM) research

community were founded in the mid to late 1990s, including the

International Myositis Assessment and Clinical Studies (IMACS)

Group, the Childhood Arthritis and Rheumatology Research Alli-

ance (CARRA), the Paediatric Rheumatology International Trials

Organisation (PRINTO), and JDM working groups within both

the American College of Rheumatology (ACR) and the Paediatric

Rheumatology European Society (PReS).2 The international multi-

specialty collaborative research environment resulted in the devel-

opment of validated core set measures and response criteria3,4

that facilitated the first multicenter therapeutic trials,5
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standardization in the classification of myositis,6 and the develop-
ment of therapeutic guidelines and standardized treatment
approaches.7–9 A biannual international multidisciplinary scientific
meeting dedicated to all forms of myositis, the Global Conference
on Myositis (GCOM), was established in 2015 and has grown to
more than 700 attendees.10

Another key milestone has been the establishment of
myositis-focused patient foundations such as Cure JM and Myo-
sitis UK that have supported patients with JIIM and raised funds
for research. Founded in 2003 by parents and grandparents, the
United States–based Cure JM Foundation started as a
volunteer-driven nonprofit dedicated to earlier diagnosis and find-
ing better treatments and ultimately a cure for juvenile myositis
(JM). They have funded more than $30 million in research grants
and programs, often funding young investigators, and supported
the CARRA biorepository for JDM. Spurred by the parent leaders
of Cure JM, Myositis and You was published in 2007 as compre-
hensive handbook for parents and trainees.11 Cure JM also
established several centers for specialized care and research on
JM and more recently established a Clinical Care Network, con-
necting more than 40 children’s hospitals in the United States
and Europe, in which pediatric rheumatologists are focused on
delivery of excellent clinical care to patients with JM. The charity
Myositis UK (https://www.myositis.org.uk/) has been instrumen-
tal in supporting progress in research and toward better out-
comes for people of all ages living with myositis. Myositis UK has
not only provided vital funding for pilot work (which led to far larger
awards from government and other funders) but also supported
multiple research events, family and patient days, and
information-sharing initiatives. Both foundations have supported
travel bursaries to enable clinical science and research fellows to
attend the international GCOM meeting, and Myositis UK has
funded innovative speed funding grants for young investigators
at GCOM.

Diagnosis and classification

Myositis in both children and adults was diagnosed for many
years according to the Bohan and Peter classification criteria,
which used a combination of clinical features (proximal weakness
and characteristic DM rashes) and laboratory abnormalities com-
prising elevation in serum muscle enzymes, electromyography,
and inflammatory muscle histology.12 JDM was the only recog-
nized childhood IIM. It was considered a separate disease from
adult myositis, with more frequent calcinosis and vasculopathic
features (like cutaneous and gastrointestinal ulceration) and a bet-
ter prognosis (Figure 1A). In the early 1990s, several myositis
autoantibodies were identified in adult patients and found to
define phenotypes with distinct clinical features, responses
to treatment, outcomes, and HLA risk alleles13 (Table 1). These
same myositis autoantibodies were then reported in several chil-
dren with myositis, with similar clinical features as in adults,14

resulting in proposals to expand myositis classification to include
both clinical and serologic subgroups and to be parallel in children
and adults.13,15 Reclassification was not favored until additional
myositis autoantibodies (anti–transcription intermediary factor
1 [TIF1], anti–nuclear matrix protein 2 [NXP2], and anti–melanoma
differentiation-associated gene 5 [MDA5]) were identified and
found to be present in a significant proportion of patients with
JDM. National registries in the United States and
United Kingdom defined the array of clinicopathologic and myosi-
tis autoantibody subgroups, showing a large degree of overlap in
phenotypic features with adult myositis with some important dis-
tinctions (Figure 1B).16–19

The EULAR-ACR classification criteria were developed for
myositis in 2017 as criteria to be used in research studies.46 JIIM
was included, and the classification of JIIM and adult myositis is
now combined into a single system.6 These newer criteria include
additional features in the patterns of muscle weakness and the
presence of dysphagia and anti-Jo1 autoantibodies and further
define muscle biopsy features. Of note, the EULAR-ACR IIM clas-
sification criteria are currently undergoing revision to potentially
incorporate additional myositis autoantibodies, clinical-pathologic
subgroups, and testing procedures, such as magnetic resonance
imaging (MRI).47

The advent of high-throughput assays with improved reliabil-
ity in detecting myositis autoantibodies has also led to routine clin-
ical testing for myositis autoantibodies—not only to aid in
diagnosis but to understand associated clinical features and
potential prognosis.48 Currently, many different assays to test for
myositis autoantibodies are available, and some carry a risk of
false positive or false negative results; future work to standardize
assays will be important.49

Myositis-specific autoantibodies (MSAs) occur exclusively in
patients with IIM, whereas myositis-associated autoantibodies
(MAAs) are also seen in overlap myositis and other systemic auto-
immune diseases.50 Up to 70% of patients with JIIM have at least
one myositis autoantibody.51 The demographics, clinical and
pathologic features, and therapeutic responses and outcomes
for each autoantibody subset appear, to a degree, to be distinct
and share similarities with the corresponding subset of adult IIM
(Figure 1B). The role of MSAs in pathogenesis is also emerging,
with demonstration of inhibition of their intracellular targets in
vitro52 and associations with distinct interferon (IFN) and other
gene signature pathways53; mouse models of some MSAs reca-
pitulate pathologic and/or clinical features of disease.48

Anti-p155/140 (TIF-1γ), the most common MSA in JIIM, has
been detected in 18% to 30% of patients with JDM and JDM
overlapping with another systemic autoimmune disease. Most
children with this autoantibody have typical features of JDM, with
widespread photosensitive rashes over the face, trunk, and
extremities as well as a higher frequency of cutaneous ulcera-
tions, subcutaneous edema, and lipodystrophy (Figure 1B) and,
frequently, a chronic illness course.16,17,48 Anti-TIF1γ
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Figure 1. (A) Classification of myositis then. This shows the classification of myositis in the early 1990s, with separation of clinical-pathologic and
myositis autoantibody subgroups. Juvenile dermatomyositis was considered a distinct disease from the adult forms of myositis, other subgroups
of juvenile myositis were not recognized, and the number of myositis autoantibodies identified was limited. (B) Classification of juvenile myositis
now. This represents the classification of myositis today, with integration of clinical subgroups and myositis autoantibodies to together define dis-
tinct phenotypes. Most of the subtypes present in adult myositis are now recognized in juvenile myositis, and classification is integrated across the
age span. Many more myositis autoantibodies and their associated phenotypes have been identified in recent years. Modified from Rider and Nis-
tala,16 and Betteridge and McHugh 2016.20 HMGCR, 3-hydroxy-3-methylglutaryl-CoA reductase; MDA5, melanoma differentiation-associated
gene 5; NXP2, nuclear matrix protein 2; PM, polymyositis; SAE, small ubiquitin-like modifier activating enzyme; SRP, signal recognition particle;
TIF1, transcription intermediary factor 1.

Table 1. Key Milestones in Juvenile Myositis Research, Pathogenesis and Therapy*

Year Milestone References

1887 Unverricht reports first recognized cases of adult DM 21
1952 ACTH therapy (corticosteroids) introduced as first effective medication for JDM 22
1966 Banker JDM autopsy series details natural history and primary pathologic/ pathogenic features 23
1975 Bohan and Peter classification (diagnostic) criteria 12
1980 Methotrexate introduced as steroid sparing medication 24,25
1983 High dose corticosteroids are standard therapy 26,27
1993 IVIG efficacy established in adult DM 28
1994 Myositis autoantibodies and their phenotypes first recognized in children 14
2002 Type I (αβ) and Type II (ᵧ) IFN expression discovered to be upregulated in JDM muscle 29
2010 First CARRA consensus treatment plan for JDM published towards standardization of initial therapy 9
2013 Rituximab trial published as first major clinical trial and first biologic therapy for JDM 5,30
2013-present MYOGEN GWAS and ImmunoChip studies confirm HLA ancestral haplotype as major genetic risk factor,

identify several other immune SNPs as risks for JDM
31–35

2016 PRINTO randomized trial demonstrates early introduction of Methotrexate superior to prednisone
alone in new-onset JDM

36

2017 ACR-EULAR Myositis Response Criteria and Myositis Classification Criteria published; SHARE guidelines
for JDM published and widely used across Europe

4,7

2018-2020 JAK inhibitors introduced in JDM 37,38
2021 FDA approval of IVIG for adult DM 39
2023-present Single-cell and omics studies identify novel pathogenic pathways (innate immunity, neutrophil,

mitochondrial, PI3AKT and MAPK); Phase 3 trials in progress for biologic therapies for adult myositis;
CAR-T therapy holds promise of remission

40–45

* ACR, American College of Rheumatology; ACTH, adrenocorticotropic hormone; CAR-T, chimeric antigen receptor T-cell therapy; CARRA, Childhood
Arthritis and Rheumatology Research Alliance; DM, dermatomyositis; EULAR, European League Against Rheumatism; FDA, U.S. Food and Drug Admin-
istration; GWAS, Genome-Wide Association Study; HLA, Human Leukocyte Antigen; IFN, Interferon; IVIG, intravenous immunoglobulin;
JAK, Janus kinase; JDM, juvenile dermatomyositis; JM, juvenile myositis; MAPK, mitogen-activated protein kinase; PI3K/AKT, phosphoinositide 3-
kinase ; PRINTO, Paediatric Rheumatology International Trials Organisation; SHARE, Single Hub and Access point for pediatric Rheumatology in
Europe; SNP, single nucleotide polymorphism
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autoantibodies have also been associated with residential UV
radiation exposure before diagnosis.54 Anti-TIF1γ can also be
associated with clinically amyopathic JDM. In children, this auto-
antibody is not associated with malignancy, in contrast to adults.
The reasons for this difference are unclear, but certain autoanti-
bodies (including anti-Sp4, anti-CCAR1, and others) associated
with anti-TIF1γ appear to attenuate the occurrence of cancer in
adults, whereas in JDM, these additional autoantibodies are also
present and associated with milder muscle disease.55

Anti-NXP2 autoantibodies are present in 15% to 25% of
patients with JIIM, but only in JDM and not in other subgroups.
Anti-NXP2 is associated with severe weakness and muscle
inflammation, muscle atrophy and cramping, joint contractures,
mild skin rashes (only Gottron’s, heliotrope, and malar rashes),
and an increased frequency of calcinosis, although not in all stud-
ies (Figure 1B). In some cohorts, internal organ involvement,
including dysphagia and cardiac disease, are more frequent.56,57

Anti-MDA5 autoantibodies are present in 6% to 8% of North
American and European patients with JDM and 30% of Japanese
children. This autoantibody is associated with mild muscle dis-
ease as well as frequent fevers, weight loss, adenopathy, arthritis,
cutaneous ulcerations, and interstitial lung disease (ILD), which
can be rapidly progressive (RP-LD) with associated high mortality
(Figure 1B).58,59 ILD and RP-LD are more frequent in Asian popu-
lations.60 Prognosis is good in patients without ILD.59

Anti-Mi2 autoantibodies are present in up to 4% of patients
with JIIM, exclusively in JDM. They are seen more commonly in
Hispanic patients in North America and are associated with more
severe weakness and muscle inflammation but also with a good
response to glucocorticoid and other immunosuppressive
therapy.57,61

Anti-synthetase autoantibodies are present in 2% to 5% of
those with JIIM, but up to 25% of adults with IIM. Anti-Jo1 (histi-
dyl–transfer RNA synthetase) is the most common. These
patients can have severe muscle weakness, with frequent polyar-
thritis, ILD, fever, Raynaud syndrome, and mechanic’s hands
(Figure 1B). They often have a chronic illness course, with disease
flares when glucocorticoids are reduced, and increased
mortality.57,62

Two autoantibodies define immune-mediated necrotizing
myopathy, a form of JIIM that is associated with severe muscle
weakness. Muscle biopsy may show myonecrosis, with myopha-
gocytosis by infiltrating macrophages, along with features shared
with other forms of JIIM including up-regulation of major histo-
compatibility complex (MHC) Class I and complement deposition
on myofibers.63 Anti–signal recognition particle autoantibodies
are present in 2% to 4% of patients with JIIMs, most often African
American individuals, and they generally have very severe proxi-
mal, axial, and distal weakness; frequent falling episodes; muscle
atrophy; markedly elevated serum creatine kinase (CK) levels
(>10,000 IU/mL); and increased cardiac involvement and restric-
tive lung disease. They may also require a wheelchair or other

devices because of severe functional disability (Figure 1B).57 They
generally do not have cutaneous features of JDM. They typically
have a chronic illness course and require multiple immunosup-
pressive therapies. Patients with autoantibodies to 3-hydroxy-
3-methylglutaryl-CoA reductase (HMGCR) also have severe prox-
imal and distal weakness, falling episodes, highly elevated CK
levels, frequent muscle atrophy, joint contractures, arthralgias,
dysphagia, weight loss, and a chronic illness course.19,64

Although anti-HMGCR autoantibodies in adults are frequently
associated with use of statin medications or dietary exposure to
statins, statin exposure has not been identified in children.

MAAs are present in 11% to 36% of patients with JIIMs and
have been associated with myositis overlapping with another sys-
temic autoimmune disease in children and adults with IIM
(Figure 1B). In JIIMs, MAAs overall are associated with increased
frequency of Raynaud syndrome and ILD, a chronic illness
course, and increased mortality, which increases with the number
of MAAs present.18 Among the MAAs, anti-Ro52 autoantibodies
have been associated with worse ILD and more severe disease.65

Anti-Ro60 autoantibodies have been associated with panniculitis
and weight loss. Anti-polymyositis-scleroderma (PM/Scl) autoan-
tibodies have been associated with higher CK levels and certain
cutaneous manifestations, including sclerodactyly, mechanic’s
hands, Raynaud syndrome, calcinosis, and lipoatrophy. Other
MAAs, including Ku and U3RNP, are sometimes seen in
scleroderma-overlap myositis.17,18

Areas of future research on myositis autoantibodies will aim
to further define distinctive associated illness features among dif-
ferent geographically dispersed populations and races and eth-
nicities, to use novel technologies to identify myositis
autoantibodies in patients who have no identified autoantibodies,
and to further define the role of MSAs in pathogenesis. Reliable
commercial assays for all autoantibody specificities are needed.49

The use of sensitive enzyme-linked immunosorbent assay and
other quantitative methodologies to enable following titers over
the illness course as biomarkers of disease activity and treatment
response is another emerging area.66

Pathogenesis

An early description of muscle pathology by Banker and Vic-
tor23 detailed tissue pathology in eight uniformly fatal cases of
JDM. This study described key pathologic features, including
early perivascular inflammation; vessel intima thickening, some-
times with occlusion; and even muscle infarcts. Early recognition
that this necrotizing vasculopathy was present in muscle and
other tissues was subsequently confirmed in many studies, found
to correlate with prognosis,67 and included in the Bohan and
Peter classification criteria for JDM.12 More recently these fea-
tures were incorporated in the “vascular domain” of an interna-
tionally validated consensus muscle biopsy score tool to assess
JDM severity.68 This cardinal pathologic feature is thought to be
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associated with complement deposition on capillary endothe-
lium69; this pathology is consistent with more recent studies dem-
onstrating vasculopathy in JDM, detected via endothelial
biomarkers such as circulating endothelial cells and endothelial-
derived microparticles, as well as angiogenesis proteins, which
are associated with IFN-driven pathology.70

Early studies revealed increased expression of type I and II
MHC (HLA) proteins on muscle fibers compared with age-
matched healthy muscle tissue, detectable even early in disease
in approximately 90% of JDM cases.71 Interestingly, overexpres-
sion of MHC Class I protein specifically on muscle fibers led to
myositis in a transgenic mouse model, with associated muscle
inflammation and endoplasmic reticulum (ER) stress, and this
model was more severe when the overexpression was initiated
in young mice compared with adults.72,73 Up-regulation of type I
IFN gene expression was also prominently detected in muscle tis-
sue in the first study of gene expression in JDM, in distinction to
biopsies from Duchenne muscular dystrophy29 (Table 1). Subse-
quent analysis of expression of the IFN-driven myxovirus-
resistance protein A in muscle biopsy tissue from 103 cases
showed that the degree of up-regulation of IFN-driven proteins
correlates with muscle weakness and is observed across all
MSA specificities74

IFNs drive a readily detectable transcriptional program that
includes multiple IFN-stimulated genes (ISGs),75 making this sig-
nature readily amenable to detection. Early demonstration of
IFN-driven gene expression signatures in blood, muscle, and skin
of both adult and juvenile76,77 DM has been replicated in many
studies using a variety of techniques, including measuring ISG
scores in whole blood78,79 or sorted immune cells, and analyzing
IFN-driven proteins in serum (such as Galectin-9 and CXCL10)80

or IFN proteins directly using the highly sensitive SIMOA assay.81

In most of these studies, IFN-driven readouts correlate with mus-
cle weakness, especially before treatment, as well as skin activity
in patients with anti-TIF1γ autoantibodies, and may predict
flares.76,78,79,82

The IFN-driven signature is highly evident in muscle tissue
both in bulk RNA analyses76,83 and, more recently, in spatial tran-
scriptome studies.84,85 The higher-powered cellular discrimina-
tion enabled by spatial transcriptome data has confirmed that
muscle itself can be a source of IFN, in addition to infiltrating IFN-
producing immune cells, which include T cells, natural killer cells,
and plasmacytoid dendritic cells (pDCs).86,87 In additional to type
I IFNs, growing evidence supports a role of type II IFN, IFNγ in
JDM pathology, including direct detection87 and analysis of tran-
scripts that are predominantly driven by IFNγ: class II, major histo-
compatibility complex, transactivator (CIITA) and CXCL9.88

Together, these data, and early clinical efficacy data, have
built a strong case for the use of IFN-blocking therapies, whether
by blocking signaling through JAK/STATs, blockade of the IFN
receptor, or targeting the cytokines themselves (see below). How-
ever, the immune system works as an orchestra with many parts

interacting, not through one pathway only, and it is therefore not
surprising that many immune processes have been implicated in
the pathology of JDM. The dense early inflammatory infiltrate seen
in JDM muscle includes T and B cells, monocyte/macrophages,
and pDCs.89,90 Peripheral blood memory B cells of patients with
JDM are expanded pretreatment, and this expansion is driven in
particular by CD24hiCD38hi immature B cells, which demon-
strate abnormally low interleukin (IL)-10 production, which corre-
lates with the IFN score and likely compromises their
immunoregulatory function.40,91,92 Within the T cell compartment,
a skew toward Th2 or CXCR5+Th17 cells has been observed,
with reduced Th1 cells40,93 within the CD4+ population. How
altered function of blood immune cells reflect those in affected
skin or muscle remains to be confirmed.

Transcriptional analysis of blood monocytes in JDM has
revealed highly dysregulated mitochondrial biology, functionally
altered oxidative phosphorylation, and structural abnormalities of
mitochondria.94 Ultrastructural studies demonstrate mitochon-
drial abnormalities in JDM muscle, which has been recently con-
firmed both in skin samples (obtained by “tape stripping”) by
bulk RNAseq41 and in muscle biopsies by spatial transcrip-
tomics.84 There is a complex bidirectional relationship between
IFN and mitochondrial biology, with evidence that IFN alters mito-
chondrial function, but also that oxidized mitochondrial DNA
released is a potent ligand for “danger” recognition receptors
and thereby can drive IFN production.95 Recent evidence sug-
gests that abnormal mitochondria may also be transferred
between cells, a possible mechanism of perpetuating pathol-
ogy.96 These studies open a new set of potential therapeutic tar-
gets that may prove valuable in ongoing disease activity not
controlled by conventional treatment. In parallel with monocytes,
neutrophils in JDM are also abnormal, associated with so-called
neutrophil extracellular traps,97,98 which also contain mitochon-
drial DNA. Serum proteome studies indicate neutrophil activation
in JDM42 and the blood biomarker MRP8/14 (also known as cal-
protectin, or S100A8/A9) is raised in serum in parallel with disease
activity99 as well as detectable within muscle, released by infiltrat-
ing myeloid cells. Additional pathways appear to be up-regulated
in chronically active JDM, including prominent dysregulation of
p38/MAP kinase, phosphoinositide 3-kinase/AKT, and IL-1 sig-
naling, as well as several cytokines and growth factors and their
receptors.43

The underlying genetic background that confers risk of myo-
sitis includes the HLA or MHC region on chromosome 6. Large
collaborative studies including both adult and childhood-onset
IIM have facilitated many novel insights. Thus, the so-called
ancestral haplotype, HLA A1-B8-DR3-DQ2 detected in early
genome-wide association studies and subsequently confirmed,
is a risk factor for inflammatory myositis across all ages in White
populations (Table 1).31 A detailed analysis of the leading amino
acid position conferring risk identified subtle differences between
adults and children, whereas MSA-positive subtype-specific
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genetics also vary by age at onset.32,33 Several other risk loci for
DM/JDM, including PTPN22, TYK2 (itself the target of the drug),
IRF4, and C4 deficiency, are associated with myositis as well as
other autoimmune diseases34,35,100 Thus, many parts of the
immune system likely play a role in the pathogenesis of JIIM; the
next challenge is to dissect which aspects are age-specific as well
as to define those pathways that correlate with specific MSAs or
phenotypes, or predict an active course despite treatment.

Treatment and prognosis

The last 50 years have brought about tremendous changes
in the treatment of JIIMs, and a great deal of success, especially
for children with JDM. So-called ancillary treatments (physical
therapy, sun protection, proper dietary counseling, and mental
health support) are just as important now as they have been since
the 1980s.

In a landmark advance, it was apparent in the early 1950s
that glucocorticoids were beneficial for patients with JDM, result-
ing in marked improvement in mortality (Table 1).22 Early articles
emphasized the benefits of high doses (up to 2.0 mg/kg/day in
divided doses) and prolonged courses of daily oral glucocorti-
coids, resulting in a decrease in calcinosis and improved out-
comes.26,27 High doses of intravenous (IV) glucocorticoids (eg,
30 mg/kg methylprednisolone, maximum 1,000 mg) at the outset
of treatment likely leads to more rapid improvement, although
there are many potential acute side effects.101 Long-term studies
have not shown clear benefit of pulse methylprednisolone over
time.102 Before combination therapy was widely practiced, it
was universally observed that treatment with glucocorticoids
alone was associated with all the well-known undesirable side
effects of long-term steroids (Figure 2A).

Accordingly, following demonstration of its efficacy as a
second-line agent, methotrexate (MTX) was introduced as
a steroid-sparing agent and proved effective when started at
treatment outset.24 A subsequent randomized controlled trial
(RCT) showed the superior efficacy and tolerability of combination
glucocorticoids and MTX in patients newly diagnosed with JDM
(Table 1).36

IVIG was first used in childhood myositis in the 1980s. IVIG
has been adopted as a widely used, beneficial therapy worldwide.
Rigorous observational studies have demonstrated efficacy in
children,104,105 and a recent RCT proved this in adults with
DM39 (Table 1). Based on this experience, groups like CARRA8,9

and the Single Hub and Access point for pediatric Rheumatology
in Europe7 have tried to standardize treatment regimens using
available evidence and consensus (Figure 2B; Table 1).

More recently, large case series have demonstrated the likely
efficacy of mycophenolate mofetil106,107 in addition to, or as an
alternative, to MTX. Combination drug therapy has also been
more widely used to treat refractory disease and aid in the sparing
of glucocorticoids (Figure 2B). Additionally, a sophisticated

analysis has demonstrated the efficacy of cyclophosphamide on
JDM disease activity,108 which previously had traditionally been
reserved primarily for ulcerative disease or ILD.

Targeted biologic therapies and small biologically targeted
drugs have been the focus of therapeutic development in the last
20 years (Figure 2B).109 The evidence base for these agents is
small, uncontrolled, and not necessarily convincing for all agents.
Anti–tumor necrosis factor monoclonal antibody therapies110

have had some efficacy in case series of refractory patients. Ritux-
imab, a B-lymphocyte–depleting biologic therapy, has been stud-
ied in a large multicenter RCT of those with refractory JDM and
DM/PM.5 Although there was apparent efficacy in the sample of
children studied, there was no statistical significance, which could
be explained by the low power in the subgroup analysis
(Table 1).30 An open-label trial of abatacept suggested efficacy
for refractory muscle and skin disease, with blinded measures,
MRI and biomarkers, including IFNs and chemokines, also show-
ing improvement.111

Some of the newest therapies for childhood myositis are
directed toward blocking the effects of IFN and other cytokines,
primarily aimed at type I and II IFNs. JAK inhibitors (JAKis) block
the effects of type I and II IFNs by preventing the phosphorylation
of STAT proteins (which, if phosphorylated, would drive ISG tran-
scription). Worldwide there is growing experience with JAKis
through case series and a small number of open-label clinical tri-
als,37,38 with a high proportion of patients with refractory JDM
showing good responses in skin and muscle disease, as well as
improvement in ILD and calcinosis in fewer cases. JAKis have
been beneficial for patients with refractory JDM with anti-MDA5
autoantibodies, which are associated with high type I IFN
responses, in improving lung disease, as well as mortality in adult
patients.37 Most recently, monoclonal antibodies targeting IFNβ
(dazukibart)112,113 or the type I IFN receptor (anifrolumab)114–116

have shown remarkable success in the treatment of very refrac-
tory skin and muscle disease and in the treatment of ulcerative
disease in patients with JDM; phase 3 trials are in progress for
adult DM.

There is great excitement, now, about the potential for chi-
meric antigen receptor T cell (CAR-T) therapies in the treatment
of childhood myositis and juvenile lupus. To date, reported cases
have used CAR-T directed against B cells (CD19)44 or B cell mat-
uration antigen45 with marked success, including major clinical
improvement and near remission in all cases (Table 1). The
reported success seems greater than conventional biologic B
cell–targeted therapies like rituximab. It is thought that
CD19-targeting CAR-T cells are effective against some tissue B
cells and not just circulating B cells and that the tissue effect
may differentiate CAR-T cell potency.

Although many of the therapies developed over the last
50 years are supported by research evidence from case series
or causal modeling rather than RCTs, the outlook for a child with
myositis in 2026 is very different than it was in 1966. Although
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proper epidemiologic studies had not been performed, early
reports suggested that JIIMs, particularly JDM, had a grim prog-
nosis during the period before specific medication treatment
was available. Reportedly one-third of patients died, one-third
recovered with some sequelae, and one-third were chronically
disabled.117 The course was often described as being monocy-
clic (in which disease completely remitted after 2 or 3 years of
treatment), polycyclic (in which active disease recurrences
occurred after periods of medication-free remission), or chronic
continuous.27

More recently, several trajectories of disease have been
described. In an inception cohort of patients with JDM observed
into adulthood, three latent trajectories were described.118 Ten
percent of patients were very severe at onset, responded poorly
to initial treatment, and remained quite active despite therapy.
More than half had a moderate to severe presentation but
responded dramatically to initial treatment and had no, or very
mild, continuing disease activity. The remainder had a mild to
moderate presentation but responded slowly to initial therapy

and continued to have ongoing mild disease activity despite ther-
apy. In the latter group, it was often skin disease that persisted.
The best predictor of continued disease activity was an incom-
plete response over the first 6 months of treatment. A large UK
cohort identified similar disease trajectories in JDM, with time
since diagnosis, presence of respiration abnormalities, and lipo-
dystrophy as predictors of a subgroup of 11% of patients with
high disease activity at presentation and more persistent dis-
ease.119 It has been shown by two groups that skin activity
responds more slowly and is more persistent than muscle
activity.120

Although most patients respond well to therapy and mortality
is now less than 5% (in most centers much lower), damage is
common.121 In a remarkable series of studies first reported in
2009,122 a Norwegian group examined an inception cohort of
patients with JDM into adulthood and demonstrated that children
with JDM go on to have frequent organ damage, which is pre-
dicted by persistent disease activity at 6 months of treatment.
They commonly have chronic weakness and may develop

Figure 2. (A) Treatment paradigm for juvenile dermatomyositis then (1980s). Daily oral prednisone therapy was the mainstay of therapy. Second-
line therapies were limited, and only cyclophosphamide and plasmapheresis were available for severe patients. (B) Treatment paradigm for juvenile
myositis now. A standardized approach to initial therapy now includes daily oral prednisone in combination with methotrexate, with the option to
add IV methylprednisolone and/or IV gamma globulin. Several medications are available as second- and third-line therapies, including targeted bio-
logics and drugs and use of combination therapies. Modified from Kim and Rider.103 CAR-T, chimeric antigen receptor T cell therapy; IFN-b,
interferon-β; IV, intravenous; IVIG, intravenous Ig; JAKi, JAK inhibitor; MoAb, monoclonal antibody; SQ, subcutaneous; TNFα, tumor necrosis factor
α. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80115/abstract.
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subclinical heart and lung damage and reduced exercise toler-
ance in these long-term outcome studies. Approximately two-
thirds have persistently active disease that is associated with per-
sistent nailfold capillary abnormalities.123 More than one-fourth
have reduced bone mineral density and metabolic abnormalities,
with hyperlipidemia and central adiposity.

Calcinosis is a potentially devastating long-term complication
of the JDM subtype of JIIM. It occurs in approximately 30% of
patients in most series and is associated with a chronic disease
course and longer disease duration.121 In one inception cohort,
the only baseline clinical predictor of calcinosis was more exten-
sive vascular disease, as determined by underlying nailfold capil-
lary vasculopathy.124 There is no evidence-based treatment for
calcinosis; however, aggressive treatment of the underlying dis-
ease often leads to the regression of calcinosis.

The outcomes of JIIMs have clearly improved remarkably in
the last 50 years, but there are still many challenges faced by
these patients. Further refinement of treatment approaches with
the adaptation of consensus treat-to-target recommendations
with the aim of rapid induction of inactive disease and resultant
reduction of glucocorticoids will hopefully accelerate further
improved outcomes.20

Conclusions

In conclusion, huge progress has been made in our under-
standing, treatment, development of prognostic tools, and knowl-
edge of the long-term outcomes of JM. This rapid growth of
knowledge has been driven in part by collaborative networks
and organizations, which have been synergistic across pediatric
and adult research communities, between clinical and nonclinical
researchers, and through strong international partnerships. Much
remains to be done, to further understand pathogenesis, improve
treatments, and test new therapeutic modalities and targets, but
the future of the field is bright.
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R E V I EW A R T I C L E

Advancements in Diagnosis and Care for Immune
Dysregulation and Inborn Errors of Immunity in Pediatric
Rheumatology: Our 50-Year Journey

Megan Day-Lewis, RN, MSN, CPNP,1 Jennifer L. Cheng, BA,1 Edward Behrens, MD,2 Melissa M. Hazen, MD,1

Erin M. Janssen, MD, PhD,3 Pui Y. Lee, MD, PhD,1 Tiphanie P. Vogel, MD, PhD,4 Stefano Volpi, MD, PhD,5

Megan A. Cooper, MD, PhD,6 Scott W. Canna, MD,2 and Lauren A. Henderson, MD, MMSc1

Caring for children with complex immune disorders is part of the heritage of pediatric rheumatology that extends
back to the original founders of the field. Over the past 50 years, pediatric rheumatologists have been central to
advancing discovery and pioneering innovative treatment approaches for pediatric patients with multifaceted immune
dysfunction. This includes dissecting disease mechanisms and identifying novel genes associated with inflammasome
activation, IL-18 opathies, type I interferonopathies, monogenic mosaic disorders, and other forms of immune dysreg-
ulation. Pediatric rheumatologists have made foundational contributions to the management of patients with these
conditions by leveraging their expertise in existing immunomodulatory medications and recognizing new drug targets.
In the next 50 years, scientists and clinicians in the field are poised to make substantial innovations in understanding
the causes and biomarkers of immune dysregulation. By harnessing the power of precision medicine, cellular thera-
pies, and immune multidisciplinary teams, pediatric rheumatologists will continue to drive discoveries that will improve
outcomes for patients with immune dysregulation.

Introduction

A long tradition of caring for children with immune
dysregulation. Pediatric rheumatologists have been at the fore-
front of managing patients with complex immune disorders since
the inception of the field at the 1976 meeting of the Council on
Pediatric Rheumatology held in Park City, Utah. Well before this
landmark conference, the legacy of pediatric rheumatology
extended back to 1897 with George Frederic Still’s initial descrip-
tion of a chronic joint disease that was unique to children and of a
“very uncertain” etiology.1 In the 1940s, the first center dedicated
to children with rheumatic diseases was established at the Cana-
dian Red Cross Memorial Hospital in Taplow, England, by Eric
Bywaters, who was later joined by Barbara Ansell.2 The founding

of “Taplow” coincided with the decline in incidence of rheumatic

fever and the greater appreciation that children suffered from

other idiopathic autoimmune conditions. This center is where

many founding fathers and mothers of pediatric rheumatology

were trained, including John Baum, James Cassidy, Chester Fink,

Virgil Hanson, Ross Petty, Jane Schaller, and Patience White.2

These individuals and others, Earl Brewer, Jerry Jacobs, Joe

Levinson, and J. Syndney Stillman, came together to form the

Council on Pediatric Rheumatology within the American Rheuma-

tism Association in the 1970s. It is this group that would ultimately

organize the 1976 meeting and establish the field.3 The lineage of

most pediatric rheumatologists in North America can be traced

back to these individuals. This long line of clinicians formed a
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pediatric subspecialty with unparalleled expertise in managing
enigmatic inflammatory disorders in children. This review will
focus on the remarkable accomplishments of pediatric rheuma-
tologists, alongside immunologists and geneticists, in the dis-
covery and management of immune regulatory disorders with
an emphasis on monogenic diseases characterized primarily by
autoimmunity, generally defined as disorders of adaptive immu-
nity, hyperinflammation, and/or autoinflammation referring to
sterile inflammation resulting from innate immune dysfunction
(Figure 1).

The evolving concept of immune dysregulation.
Although immune dysregulation has always existed, nomencla-
ture surrounding this topic has changed over time. Indeed, there
were sections in the proceedings of the Park City meeting dedi-
cated to juvenile arthritis in patients with immunodeficiencies, an
indication that pediatric rheumatologists appreciated the associa-
tion between immune dysfunction and autoimmunity in the
earliest days of the subspecialty.3 The actual term immune

dysregulation emerged from the field of immunology as there
was a greater appreciation that monogenic immune diseases did
not always present strictly with features of immunodeficiency.
Through the study of a large registry of patients with primary
immune deficiencies (PIDs) in France, Fischer et al4 noted that
over 25% of affected individuals had at least one inflammatory
condition, most commonly autoimmune cytopenias. Other stud-
ies confirmed this high prevalence of autoimmunity in patients
with PIDs.5,6 Around this time, an increasing number of defects
in immune-related genes were linked with diseases predomi-
nantly characterized by autoimmunity, atopy, lymphoproliferation,
and/or hyperinflammation. The prototypical example is immune
dysregulation, polyendocrinopathy, enteropathy, and X-linked
syndrome due to FOPX3 deficiency.7–9 FOXP3 is the lineage-
defining transcription factor for Treg cells, and the 2025 Nobel
Prize for Medicine was awarded to the three scientists who iden-
tified this tolerogenic T cell subset.10–12 As the human genome
project finished and genetic sequencing became more accessi-
ble, the universe of monogenic immune disorders expanded

Figure 1. Milestones in Pediatric Rheumatology and genetic discovery in immune dysregulation. The timeline shows landmark events in the his-
tory of Peds Rheum as well as the identification of genes associated with immune dysregulation discussed in this review. AAP, American Academy
of Pediatrics; ABP, American Board of Pediatrics; ACR, American College of Rheumatology; AIDA, Autoinflammatory Disease Alliance Registry;
ARA, American Rheumatism Association; CANDLE, chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; CAPS,
cryopyrin-associated periodic syndrome; CARRA, Childhood Arthritis and Rheumatology Research Alliance; CDC42, cell division cycle 42;
DADA2, deficiency of adenosine deaminase 2; FMF, familial Mediterranean fever; GOF, gain of function; haplo, haploinsufficiency; INFLTR8,
inflammation, neutropenia, bone marrow failure, and lymphoproliferation caused by TLR8; IPEX, immune dysregulation, polyendocrinopathy,
enteropathy, and X-linked syndrome; JRA, juvenile rheumatoid arthritis; NOCARH, neonatal-onset cytopenia, autoinflammation, and recurrent
hemophagocytic lymphohistiocytosis; PAFLAR, Paediatric Society of the African League Against Rheumatism; Peds, pediatrics; PRCSG, Pediat-
ric Rheumatology Collaborative Study Group; PReS, Paediatric Rheumatology European Society; PRINTO, Paediatric Rheumatology International
Trials Organization; PSMB8, proteasome 20S subunit beta 8; Rheum, rheumatology; SLE, systemic lupus erythematosus; STING, stimulator of
IFN genes; TLR8, Toll-like receptor 8; TNF, tumor necrosis factor; TRAPS, TNF receptor–associated periodic syndrome; UNC93B1, unc-93B1
regulator of TLR signaling; XLP2, X-linked lymphoproliferative syndrome 2.

IMMUNE DYSREGULATION AND PEDIATRIC RHEUMATOLOGY 1359



greatly—over 500 genes have now been linked with human
immune diseases.13 In particular, primary immune regulatory dis-
orders (PIRDs) were increasingly recognized as technological
advancements in sequencing allowed for the identification of var-
iants associated with less fulminant phenotypes, incomplete pen-
etrance, and variable expressivity.

Given these developments, the view of the human immune
system as a linear continuum from low function manifested as
immunodeficiency with recurrent and opportunistic infections to
overactivity characterized by autoinflammation and autoimmunity
was abandoned. Instead, a more complex picture evolved in
which immune dysfunction is appreciated to be multifaceted,
encompassing varying phenotypes from immunodeficiency to
autoimmunity, atopy, and more (Figure 2). Recognizing this fun-
damental change in our understanding, the International Union
of Immunologic Societies (IUIS) replaced the term PIDs with
inborn errors of immunity (IEIs) to describe germline genetic
immune disorders in 2017. The IUIS also recognized immune
dysregulation as a subgroup of IEIs.13 In this nomenclature sys-
tem, defects in innate immunity and autoinflammatory disorders
are grouped separately from PIRDs. However, many clinicians
use the term immune dysregulation more broadly and include
interferonopathies and various autoinflammatory diseases under
this heading.

The pediatric rheumatologist and advancement in
IEIs characterized by immune dysregulation

The contribution of pediatric rheumatologists to our under-
standing of monogenic diseases with prominent features of
immune dysregulation extends from gene discovery to pioneering
novel treatments. Because it is impossible to adequately capture

all the individual achievements in the field, this section will highlight
a few noteworthy advancements in understanding IEIs primarily
manifested as autoimmunity and hyperinflammation.

Diseases of inflammasome activation. Millenia ago,
bubonic pressures on the inflammasome selected for MEFV vari-
ants were famously linked to familial Mediterranean fever (FMF)
by Daniel Kastner and others between 1992 and 1997.14–16 The
link betweenMEFV and FMF, as well as findings in additional dis-
eases such as TNFR1 in TNFR1-associated periodic syndromes,
inspired the concept of autoinflammation (1999), now recognized
as a major mechanistic category of inflammatory disease.17

Beginning in the early 2000s, a collection of discoveries, often
led by pediatric rheumatologists, combined to indelibly shape
our understanding of human immunopathology.

Inflammasomes (2002). Scientists led by Jurg Tschopp iden-
tified a potent innate immune complex that assembled upon dan-
ger sensing by the cytosolic protein NLRP3. This NLRP3
inflammasome rapidly catalyzed the specific activation and
release of interleukin-1β (IL-1β) and IL-18.18 It was not until 2014
that the protein pyrin encoded by MEFV was found to play a role
in inflammasome activation.19

Cryopyrin-associated periodic syndromes and IL-1 blockade

(2001–2004). In 2001, pediatric immunologists began to connect
NLRP3 variants to three fever syndromes that were ultimately
united under the spectrum of cryopyrin-associated periodic syn-
dromes (CAPSs), which encompasses familial cold autoinflam-
matory syndrome, Muckle–Wells syndrome, and neonatal-onset
multisystem inflammatory disease (NOMID).20 NOMID in particu-
lar was a progressive, severe, and often fatal condition. By 2004,
adult and pediatric rheumatologists had shown IL-1 blockade

Figure 2. The evolving concept of immune dysregulation. (A) Historical paradigm of immune function. Shown is the historical view of the immune
system as linear with function ranging from “low” manifested as immunodeficiency to “high” manifested as inflammation. (B) Complexity of
immune dysfunction. Shown is the current concept that immune dysfunction is more complex and can encompass various phenotypes at the
same time. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80127/abstract.

DAY-LEWIS ET AL1360

http://onlinelibrary.wiley.com/doi/10.1002/acr.80127/abstract


was almost magically effective for CAPSs and ultimately for many
other patients with “inflammasomopathies.”21,22

Still’s disease and IL-1 (2005). Still’s disease is eponymous
of 19th century pediatrician George Still, who described patients
with fever, rash, adenopathy, and sometimes crippling arthritis—
but also systemic hyperinflammation, now called macrophage
activation syndrome (MAS).1 Recently, there has been a move-
ment to unite adult-onset Still’s disease and systemic juvenile idi-
opathic arthritis (JIA) under the term Still’s disease.23 In 2005,
pediatric rheumatologists identified an IL-1 signature in systemic
JIA.24 Expanding upon the success of anakinra (recombinant
human IL-1 receptor antagonist) in CAPSs, they showed that
IL-1 blockade was highly beneficial in a small number of children
with Still’s disease, suggesting a common inflammasome root.24

Subsequently, larger cohort studies confirmed the efficacy of
IL-1 inhibition in Still disease.25,26

The rise of IL-18 (2001). After the identification of IL-18 as an
“interferon-γ (IFNγ)-inducing factor” and inflammasome substrate
in the 1990s, Japanese adult and pediatric rheumatologists were
instrumental in showing that IL-18 levels were dramatically ele-
vated in patients with Still’s disease relative to other rheumatic
and inflammatory diseases.27–29 Though neither IL-1β nor IL-18
had yet shown diagnostic utility in monogenic inflammasomopa-
thies, the connection between IL-18 and Still’s disease—particu-
larly in patients with Still’s disease with or recovering from
MAS—was repeatedly demonstrated.30,31

The IL-18 opathies (2014). A correlation between IL-18 and
MAS continued to grow in Still’s disease, but a monogenic cause
had not yet been identified to place IL-18 upstream. In 2014,
pediatric rheumatologists and immunologists at the National Insti-
tutes of Health (NIH) and Yale independently discovered NLRC4

variants and confirmed in vitro that they conferred inflamma-
some gain of function (GOF) and reported their association with
profound serum IL-18 elevation, susceptibility to MAS, and
responsivity to IL-1 blockade.32,33 Subsequently, pediatric rheu-
matologists have contributed to novel genetic associations
(XIAP, CDC42, DPP9, and MEFV), advocated for US Food and
Drug Administration (FDA) approval of IFNγ blockade, and pub-
lished preliminary evidence in support of therapeutic IL-18
blockade, all corroborating the mechanism that inflammasome-
driven IL-18 is a specific driver of MAS.34–40

The concept of autoinflammation; the pantheon of mono-
genic and syndromic inflammasome-related disorders; the emer-
gence of clinical blood IL-18 measurement; and the therapeutic
utility of IL-1, IFNγ, and (hopefully soon) IL-18 blockade represent
major advances in the understanding and treatment of human
inflammation, with their roots firmly embedded in the history of
pediatric rheumatology.

Deficiency of adenosine deaminase 2. Deficiency of
adenosine deaminase 2 (DADA2) is a monogenic recessive dis-
ease with pleiotropic phenotypes including systemic vasculitis,

early-onset strokes, immunodeficiency, and bone marrow failure.
Biallelic mutations in ADA2 were initially identified as a cause of
polyarteritis nodosa and early-onset strokes with vasculopathy
by groups in Israel and at the NIH, respectively.41,42 The physio-
logic function of ADA2 is still unclear, and therefore, the patho-
physiology of DADA2 is also unknown. ADA2 catalyzes the
in vitro conversion of free adenosine and 2’deoxyadenosine to
inosine and 2’deoxyinosine, respectively. However, this deami-
nase function of DADA2 seems limited at physiologic levels of
adenosine.43 Recent studies suggest that ADA2 may function
as a nucleic acid modifier in the lysosome.44

Although the biologic mechanisms underlying DADA2 remain
unresolved, the disease is among the more common monogenic
autoinflammatory diseases, with an estimated carrier frequency
of 1 in 236 individuals and a disease prevalence of 4 cases per
1 million individuals.45 Pediatric rheumatologists have been at
the forefront of characterizing ADA2 gene variants and defining
the burden of disease.45,46 More than 800 cases have been
described in the literature to date, and the mortality rate of DADA2
is about 8%.47

A diagnosis of DADA2 can be established by genetic studies
(confirming biallelic deleterious variants) or by quantification of
plasma ADA2 activity.48 Treatment with tumor necrosis factor
inhibitors is effective in resolving vascular inflammation and pre-
venting strokes.49 The hematopoietic defects in DADA2 may
manifest as pure red cell aplasia, neutropenia, or bone marrow
failure.46 Hematopoietic stem cell transplant is needed in patients
with severe bone marrow failure. Pediatric rheumatologists have
led international efforts to establish management guidelines for
this disease in the International Consensus Statement for Evalua-
tion and Management of DADA2.50

STING GOF/SAVI. The discovery of GOF mutations in stim-
ulator of IFN genes (STING1) caused an early-onset systemic vas-
culopathy cemented the type I interferonopathies as a distinct
class of autoinflammation strongly overlapping with autoimmu-
nity.51 In the initial report, the authors described six patients who
presented in infancy with rash that was most prominent in cold-
exposed areas (fingers, toes, nose, ears) due to biopsy-proven
vasculopathy along with systemic inflammation and interstitial
lung disease (ILD). The clinical presentation led to the term
STING-associated vasculopathy with onset in infancy (SAVI) to
describe the disease. Whole-exome sequencing in the index
patient identified a de novo germline mutation in TMEM173,
which encodes STING. Sanger sequencing confirmed that the
other patients also harbored pathogenic variants in this same
gene. STING senses intracellular DNA by binding cytosolic cyclic
guanosine monophosphate (cGMP)-AMP, a second messenger
generated when double-stranded DNA is detected by cGMP-
AMP synthase (cGAS). STING activation results in downstream
signaling that leads to induction of type-1 interferons. Indeed,
peripheral blood mononuclear cells from affected patients had
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elevated IFN-stimulated gene expression with no increase upon
exposure to the STING ligand, supporting GOF as the disease
mechanism. Whereas SAVI is considered a disorder of innate
immunity, the elevated type-I interferons trigger autoantibody
formation, ILD characterized by a lymphocytic infiltrate, and
seropositive arthritis in some patients, blurring the line between
autoinflammation and autoimmunity and fitting well within the
immune dysregulation phenotype.

Identifying the role of aberrant nucleotide sensing in SAVI
greatly contributed to the growing understanding of disease
mechanisms that drive type I interferonopathies, a novel class of
monogenic diseases characterized by excessive type-1 interferon
responses. The work in SAVI added to a body of literature related
to other disorders of type-I interferons. This includes Aicardi–
Goutières syndrome (AGS), which is characterized by early-onset
central nervous system (CNS) inflammation and linked with multi-
ple genes important for nucleotide processing (such as TREX1,
RNASEH2A/B/C, SAMHD1, and ADAR1).52–55 Researchers at
multiple institutions had previously reported gene mutations asso-
ciated with proteasome dysfunction that trigger the unfolded pro-
tein responses and lead to production of type-I and -II interferons
as the etiology of chronic atypical neutrophilic dermatosis with
lipodystrophy and elevated temperature (CANDLE).56–58 In total,
AGS, CANDLE, and SAVI are prototypical diseases in the type I
interferonopathy family, with distinct molecular causes but a
shared common final pathway of exaggerated type-I interferon
responses. In addition to the innovative work that identified key
mechanisms that drive type I interferonopathies, pediatric rheu-
matologists have been at the forefront of treating patients with this
class of disease by repurposing medications that are used for
other rheumatologic disorders but are known to inhibit type-1
interferon signaling (JAK inhibitors for JIA and anifrolumab for
lupus).59–61

CTLA-4 haploinsufficiency. Building on prior work in
murine models, two groups led by the NIH and University Medical
Center Freiburg identified several families with severe immune
dysregulation caused by heterozygous, autosomal dominant
pathogenic variants in CTLA4.62 Affected individuals exhibited
a broad spectrum of autoimmune and inflammatory conditions
together with hypogammaglobulinemia and recurrent infec-
tions.63,64 Pathogenic CTLA4 mutations impair CTLA-4 traffick-
ing and surface expression, especially on Treg cells, resulting in
reduced CTLA-4 availability at the immune synapse. Impaired
CTLA-4 surface expression is also seen with biallelic, autosomal
recessive LRBA mutations due to the role LRBA plays in direct-
ing CTLA-4 recycling.65,66 Both conditions lead to CTLA-4
insufficiency.

These diseases of CTLA-4 insufficiency have broad-ranging
consequences for the regulation of the immune system. CTLA-4
on activated T cells and Treg cells acts as a negative checkpoint
competing with CD28 for CD80/CD86 binding on antigen-

presenting cells.67 Reduced CTLA-4 surface expression and sig-
naling leads to impaired Treg suppressive function, T cell hyper-
activation, and lymphocytic infiltration of organs. Affected
individuals usually have hypogammaglobulinemia, with progres-
sive B cell loss over time, expansion of CD21low B cells and T fol-
licular helper cells, and increased apoptosis of switched memory
B cells. Treg cell numbers are often in the normal range despite
functional impairment.63

Patients with LRBA deficiency tend to have a more severe,
earlier-onset phenotype than those with CTLA-4 haploinsuffi-
ciency, and CTLA-4 haploinsufficiency shows highly variable pen-
etrance and age at onset, even within families.68 This variability in
severity and manifestations makes CTLA-4 haploinsufficiency
particularly relevant to early evaluation in pediatric rheumatology.
Whereas some patients initially present with recurrent infections
and lymphadenopathy, others develop autoimmune manifesta-
tions first.66,69 The clinical presentation often overlaps with more
common pediatric rheumatology conditions (arthritis, vasculitis,
cytopenias, enteropathy), so CTLA-4 insufficiency is now one of
the more frequently recognized IEIs in pediatric rheumatology
practice.70,71

Early supportive care with intravenous Ig and antibiotic pro-
phylaxis is important to prevent morbidity from infections. The
most promising disease-modifying treatment to date is targeted
therapy with abatacept (CTLA-Ig) to restore checkpoint signal-
ing.72 The early implementation of abatacept in CTLA-4 haploin-
sufficiency and LRBA deficiency was informed by the favorable
safety profile and extensive pediatric rheumatology experience
with abatacept in JIA.73 In a large international cohort of
98 patients with LRBA deficiency and CTLA-4 haploinsufficiency,
79% of patients had a sustained clinical response to abatacept,
particularly with improvement in lymphoproliferation, enteropathy,
and cytopenias.74 For patients with severe disease or failure/
intolerance of abatacept, hematopoietic stem cell transplantation
is considered for definitive therapy.75

STAT3 GOF. In 2014, the first description of five individuals
with polyautoimmunity, including JIA, and de novo variants in
STAT3 that confer a GOF was published.76 This initial report was
quickly followed by back-to-back multi-institutional cohorts
spearheaded by pediatric rheumatologists. These efforts
expanded the number of known patients, and both confirmed
several classic clinical findings of STAT3 GOF syndrome (early
onset, short stature) and expanded the phenotype to include lym-
phoproliferation, autoimmune cytopenias, ILD, autoimmune
enteropathy, and increased risk of infections.77,78 These conse-
quences of significant immune dysregulation remain the defining
features of STAT3 GOF among the more than 200 reported
patients now in the literature.79,80

Following the original reports, pediatric rheumatologists have
continued to work together with colleagues in immunology to
identify patients, validate novel variants, refine the cardinal clinical
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findings, and uncover the cellular mechanisms and immunopath-
ologic consequences of the variants. STAT3 is a transcription fac-
tor classically activated by phosphorylation after JAK activation
following cytokine signaling and is critical to numerous develop-
mental and inflammatory pathways. Variants that cause STAT3
GOF are located throughout different functional domains of the
protein but have all been validated to confer increased tran-
scriptional capacity in vitro using a luciferase assay.77,79 There
is evidence that STAT3 variants lead to increased transcription
through multiple pathways, including altered phosphorylation
kinetics and enhanced DNA binding, and that specific mecha-
nisms may be associated to the protein domain location of the
variant.77,81 Seminal work on mouse models developed in the
laboratories of pediatric rheumatologists revealed a role for
effector CD8+ T cells in driving the immune dysregulation of
STAT3 GOF.82,83 Ongoing collaborations between pediatric
rheumatologist-scientists and clinical immunologists seek
enhanced understanding of the immunopathology and mecha-
nisms of STAT3 GOF and try to extrapolate these findings to
deepen our knowledge of more common rheumatic diseases
like JIA.84,85

From the moment the genetic etiology of STAT3 GOF was
revealed, pediatric rheumatologists have been repurposing avail-
able therapies for targeted treatment.77 JAK/STAT-mediated
cytokine signaling can be dampened with the use of JAK inhibi-
tors, which have emerged as the optimal available management
approach for individuals with STAT3 GOF.86 The role of bone
marrow transplantation in the management of STAT3 GOF is not
yet clear, and ongoing work to prospectively evaluate the use of
JAK inhibitors in STAT3 GOF and related disorders continues to
be spearheaded by pediatric rheumatologists in collaboration
with other subspecialists.79

Toll-like receptor 7 GOF. Clinical phenotypes that overlap
with systemic lupus erythematosus (SLE) have been reported
in individuals carrying pathogenic variants in more than
30 genes, including those related to the complement system,
type-I interferons, nucleic acid processing, apoptosis, and
phagocytosis.87 Pediatric rheumatologists have been instru-
mental in demonstrating the increased rate of monogenic
SLE in children compared adults, accounting for 3% to 27%
of cases depending on the study population.88,89 Most of the
genes linked with SLE encode proteins related to the innate
arm of immunity. The innate immune system relies on pattern
recognition receptors (PRRs) to detect conserved molecular
signatures displayed by pathogens and initiate host defenses.
Among these, the Toll-like receptor (TLR) family occupies a
central position, with each member specialized to recognize
distinct pathogen-associated molecular patterns. TLR7, an
endosomal receptor, was initially characterized as a sensor
of viral single-stranded RNA degradation products such as
guanosine.90 However, the past decade has witnessed a

profound reconceptualization of TLR7’s biologic significance
because accumulating evidence established its central role in
autoimmune pathogenesis, particularly in SLE.

In 2022, Brown et al91 provided the first definitive evidence
that TLR7 GOF mutations cause human lupus. The study identi-
fied a de novo, heterozygous TLR7 variant (Y264H) in a child with
severe, early-onset SLE and demonstrated that this mutation
selectively increased sensing of guanosine and 20,30-cGMP, driv-
ing aberrant B cell survival and accumulation of specific B cell
types. Critically, when the Y264H variant was introduced into a
mouse model, it was sufficient to cause lupus-like disease. Sub-
sequently, the importance of TLR7 in SLE was further confirmed
by the finding that UNC93B1, a chaperon for TLR7 and TLR8, is
also associated with monogenic SLE.92,93

Already in the following four years, another 15 patients with
TLR7GOF from 11 families have been reported with pediatric rheu-
matologists involved in many of the cases.94 Functionally, all muta-
tions increase TLR7 activation upon stimulation. Clinically, most
patients are female (80%), suggesting skewed X inactivation may
play a role in this disease based on TLR7’s location on the X chro-
mosome. A majority of patients were diagnosed with SLE and had
antinuclear antibody positivity, whereas complement consumption
was noted in a minority of cases. Renal disease was not frequent,
with only one patient found to have biopsy-proven lupus nephritis
(class III/IV). Patients with non-SLE phenotypes have been
reported, including AGS and Evan syndrome.95,96

In total, this work definitively established TLR7 as amonogenic
cause of human SLE and confirmed the important role for TLR7 in
autoimmune diathesis. Further, these findings immediately suggest
novel therapeutic strategies in targeting TLR7 and downstream
signaling molecules (myeloid differentiation primary response pro-
tein 88 [MyD88]) as rational future interventions for SLE.

TLR8 GOF. Despite the expansion in access to genetic test-
ing, many children suspected of having monogenic immune dys-
regulation remain undiagnosed. Large cohort studies of patients
with suspected IEIs indicate that up to 70% of all patients do not
have a molecular diagnosis after exome or genome sequenc-
ing.97 This suggests that new approaches to the analysis of geno-
mic data and alternatives to monogenic drivers of disease need to
be considered. Most IEIs have been discovered as germline inher-
ited or de novo single-nucleotide variants or structural variants
that alter the function of the encoded protein. However, alterna-
tive genetic mechanisms are emerging, and in 2021, pediatric
rheumatologists identified a cohort of children with early-onset
lymphoproliferation, cytopenias, and bone marrow failure due to
mosaic and germline variants in TLR8.98 In this initial cohort, six
male children (age 1–16 years) were reported, with five patients
having genetic mosaicism, with variants in TLR8 present in a sub-
set (8%–26%) of cells, with four unrelated patients having the
same variant (p.P432L). TLR8 is another endosomal PRR
encoded on the X chromosome and expressed by myeloid cells
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that recognize single-stranded RNA, leading to downstream pro-
inflammatory signaling through MyD88 and NF-κB.99 Intriguingly,
in most patients, genetic mosaicism was not limited to the hema-
topoietic compartment and did not confer a selective survival
advantage or lead to expansion of a cell type enriched for the var-
iant. Functional studies with patient-induced pluripotent stem
cell–derived myeloid cells and primary cells demonstrated that
the variants lead to GOF of the protein and stimulated high pro-
duction of inflammatory cytokines. More recently, an additional
four patients were reported, including a female patient with germ-
line disease with symptoms of bone marrow failure before one
month of age, demonstrating that TLR8 GOF is an X-linked dom-
inant immune disorder.100

Clinically, patients suffer from recurrent infections associated
with neutropenia and B cell defects, lymphoproliferation including
hepatosplenomegaly, expanded CD8 T cells with an activated
phenotype, and bone marrow abnormalities including T cell infil-
tration. Patients have elevated serum cytokines including soluble
IL-2Rα, IFNγ, IL-18, and IL-12. At least one child had evidence
of hemophagocytosis on liver biopsy, and TLR8 GOF may pres-
ent with features similar to hemophagocytic lymphohistiocytosis
(HLH), with granulocyte colony–stimulating factor-refractory neu-
tropenia being one potential clinical differentiator. There is an
overall high mortality rate, with 40% of patients (4 of 10) dying,
and hematopoietic stem cell transplant is the only known effective
therapy.100 The severe phenotype described here has been
termed inflammation, neutropenia, bone marrow failure, and lym-
phoproliferation caused by TLR8 (INFLTR8). However, a spec-
trum of TLR8-associated inflammatory disease is emerging with
other reports of a family with TLR8 GOF associated with familial
anemia, with the genetic variant in that case demonstrating less-
robust GOF activity when compared to those identified in patients
with INFLTR8, suggesting that strength of signaling may be asso-
ciated with phenotype.100 In another family, male siblings with
germline TLR8 variants had autoimmunity and inflammation
including arthritis and CNS vasculitis.101 In these brothers,
whereas the TLR8 protein demonstrated GOF, the protein had
reduced half-life with increased TLR7 signaling that the authors
propose led to disease.

TLR8 GOF is 1 of approximately 20 monogenic mosaic
disorders of immunity classified as “phenocopies” of IEIs by
the IUIS, with the terminology genetic error of immunity (GEI)
used to encompass both germline and mosaic disease.102

Most mosaic GEIs lead to immune dysregulation and clinical
phenotypes relevant to pediatric rheumatologists, for example,
lymphoproliferation due to mosaic FAS variants and autoin-
flammatory disease due to mosaic variants in NLRP3, NOD2,
NLRC4, and others.102,103 This may explain why pediatric
rheumatologists have been central to identifying novel genes,
like TLR8, associated with disease-causing mosaicism.
Researchers in the field have also made foundational contribu-
tions to our understanding of how to detect somatic mutations

in patients with immune dysregulation. This is technically chal-
lenging because the depth of sequencing typically performed
with exome and genome may not be sufficient to detect low-
frequency variants. New approaches such as high-depth
sequencing may overcome this obstacle. Further complicating
the picture, mosaic variants are present in healthy individuals
as well as patients with immune dysregulation, and thus, classi-
fying variants for further functional evaluation will be important
for the field to advance diagnosis and discovery.104

Future directions for pediatric rheumatology and
immune dysregulation

Moving forward, pediatric rheumatologists are poised to
make substantial contributions to the field of immune dysregula-
tion that will likely surpass the progress made in the last 50 years.
There is an expanding toolbox of novel diagnostics that can be
used to dissect immune responses, including assays developed
by researchers in the field. Pediatric rheumatologists are leading
the way in using anticytokine and cellular therapies to treat
immune dysregulation and are developing innovative models to
deliver care to affected patients.

Diagnostics and precision medicine. There is an ever-
increasing number of assays that can be used to characterize
the immune system, a process often termed immunophenotyp-
ing. Immunophenotyping typically involves quantifying circulating
immune cells and proteins to identify aberrant immune pathways
that may be informative for diagnosis and treatment. Clinicians
can track immune-related biomarkers tailored to a patient’s
genetic diagnosis to aid in management. Leveraging immunophe-
notyping is also important in the substantial proportion of patients
with immune dysregulation who do not have an identified mono-
genic defect. Because these individuals lack a genetic diagnosis
and do not typically fit into a known disease paradigm, it can be
extremely challenging to predict their clinical course or select
appropriate treatments without insight into the nature of their
immune system dysfunction. In this way, pediatric rheumatolo-
gists are increasingly using immunophenotyping to deliver per-
sonalized medicine to patients with immune dysregulation and
are expected to continue to pioneer this approach in the future.

Pediatric rheumatologists have made substantial advances
in identifying biomarkers that can be used for immunophenotyp-
ing. In addition to IL-18, discussed above, researchers in the field
have made significant progress in accurately evaluating type-I and
-II interferons, pivotal cytokines in immune dysregulation.
Although IFNγ (IFN-II) plays a central role in cytokine storm syn-
dromes, measurement of IFNγ in the peripheral blood remains
challenging due to its tissue location.38,105 Studies of patients
with HLH/MAS have shown that sCD25 (also called IL-2Rα, a
marker of T cell activation) and CXCL9 (a chemokine induced by
IFNγ) are reliable biomarkers that can be used in diagnostic
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evaluation and therapeutic monitoring.106,107 Accurate assess-
ment of circulating type-I interferon is also difficult because this
family of cytokines is potent at very low concentrations and is
quickly consumed locally. Therefore, transcriptional quantification
of IFN-stimulated genes, known as the IFN-I signature, is often
used as a surrogate to quantify IFN-I activity.108 Although this
approach is used in research laboratories, it is technically chal-
lenging to implement in the clinic. Recently, pediatric rheumatolo-
gists and pathologists teamed up to develop a test that
simultaneously captures both IFN-I and IFNγ activity.109 This flow
cytometry–based IFN signature has been successfully imple-
mented in the clinical setting, first by the Diagnostic Immunology
Laboratory at Nationwide Children’s Hospital, and has quickly
grown to be an important tool to identify aberrant IFN responses
in patients with immune dysregulation.

In addition to the development of assays for established
immunologic patterns, novel pathways and biomarkers associated
with pediatric rheumatologic diseases are being developed with
advances in transcriptomics, proteomics, and metabolomics. The
availability of affinity proteomics, including the aptamer-based
Somascan technology, and Olink proximity extension assay has
illuminated new insight into the biology of Still’s disease, juvenile
dermatomyositis (JDM), multisystem inflammatory syndrome in
children (MIS-C), and Kawasaki disease.110–112

Therapeutics. Biologic disease-modifying antirheumatic
drugs that inhibit inflammatory cytokines have transformed the
management of rheumatologic diseases in children. Before
the first tumor necrosis factor inhibitors were approved for JIA in
the late 1990s through early 2000s, patients with polyarticular dis-
ease accrued substantial disability (Figure 3). There now exists an
expanding armamentarium of medications that target a wide
range of cytokines. As discussed in this review, pediatric rheuma-
tologists are often called to use their unparalleled expertise in
anticytokine therapies to treat patients with immune dysregula-
tion. Researchers in the field will continue to be instrumental in
identifying novel cytokines and immune pathways to target
in patients with immune dysregulation through translational
research and biomarker discovery.

Beyond anticytokine medications, cellular therapies such as
chimeric antigen receptor (CAR) T cells and bispecific T cell enga-
gers represent the next class of therapeutics with the potential to
revolutionize the treatment of immune disorders. Although cellular
therapies were initially developed for malignancy-related indica-
tions, they are increasingly being used in patients with autoimmu-
nity. The most progress has been made for CD19-CAR T cells in
patients with SLE.113 In the small number of patients studied to
date, the results have been extremely promising, with patients
with refractory disease entering remission without the need for
ongoing immunosuppressive therapy.113 Case reports have
shown similar positive findings for pediatric patients with SLE
and JDM.114,115 Pediatric rheumatologists are at the forefront of

levering cellular therapies to treat children with autoimmunity. Mul-
tiple centers are initiating clinical trials that will evaluate CAR T cells
in pediatric patients with rheumatologic disorders. The Integrated
Multidisciplinary Paediatric Autoimmunity Cell Therapy workgroup
was recently established by pediatric rheumatologists in collabora-
tion with other subspecialists to advance the use of this class of
therapies in the pediatric population.116 In the next decade, the
use of cellular therapies is certain to expand as their targets diver-
sify. This represents a promising intervention for patients with rheu-
matologic disorders as well as those with immune dysregulation.

Multidisciplinary teams. Immune dysregulation is typi-
cally characterized by high disease activity with multisystem
involvement that is often outside of the typical pattern encoun-
tered in more well-defined diseases. For these reasons, patients
with immune dysregulation are difficult to manage because they
require coordinated subspecialty care that must be executed rap-
idly despite the dearth of evidence related to best practices. To
address these immense challenges, pediatric rheumatologists
have conceptualized and operationalized a team-based
approach that brings together clinicians and investigators with
expertise in immune dysregulation to deliver high-quality care
(Supplementary Figure S1).117 These multidisciplinary teams in
immune dysregulation (immMDTs) are often organized around a
central clinic or inpatient consult service where patients can be
evaluated simultaneously by multiple key subspecialists.

The immMDT model has resulted in important improvements
in patient care. By offering a “one-stop” approach, these clinics
and consult services reduce the logistical burden on families, min-
imize fragmented care, and facilitate communication and collabo-
ration among providers. Several immMDTs have developed
diagnostic and therapeutic algorithms in an effort to standardize
care for patients with immune dysregulation.118 Beyond clinical
care, immMDTs are becoming a powerful tool for research and
education. A number of immMDTs are currently in operation
across the United States and span both inpatient and outpatient
settings as well as academic and community hospitals. Early evi-
dence from centers that have adopted immMDTs suggests faster
disease-directed care, shorter length of stay, higher physician
satisfaction, and improved patient outcomes.117–121

The immMDT model has been increasingly adopted at
pediatric centers worldwide and is now expanding into adult
care settings. As immune-mediated diseases continue to be
redefined by advances in genetics and immunology, the need
for high-quality, coordinated care for patients will only increase,
and immMDTs offer a scalable and adaptable framework
guided by pediatric rheumatologists and experts across sub-
specialties. In retrospect, this team-based approach to patient
care has always been a core value in pediatric rheumatology.
The early pioneers in the field at Taplow assembled a multidis-
ciplinary group of clinicians to care for children with rheumatic
diseases that encompassed immunologists, ophthalmologists,

IMMUNE DYSREGULATION AND PEDIATRIC RHEUMATOLOGY 1365



orthopedic surgeons, and pathologists. Perhaps it is with these
early pioneers that the concept of immMDTs originally emerged.

Conclusions

In summary, pediatric rheumatologists have made trans-
formational discoveries in defining autoinflammation, dissect-
ing disease mechanisms in interferonopathies, identifying
novel genes related to immune diseases, and recognizing the
importance of somatic variants in autoimmunity. These
accomplishments have provided insights into the nature of
inflammatory diseases and suggested biology-informed treat-
ment approaches that have improved outcomes for patients
with immune dysregulation as well as those with more com-
mon rheumatologic conditions. The next 50 years of pediatric
rheumatology are expected to be equally productive given that
the field is poised to make substantial advances in personal-
ized medicine and cellular therapies while developing innova-
tive approaches to deliver multidisciplinary care.
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E D I T O R I A L

Reflections on Retractions in Rheumatology Publications

Kelli D. Allen

The manuscript by Vettori and Iudici in this issue of Arthritis
Care & Research focuses on retractions in rheumatology-related
publications.1 Prior manuscripts have reported retraction rates in
medical journals more broadly, but this appears to be the first to
focus on rheumatology, and it is useful to see these metrics for
our field specifically. There are several key takeaway points from
this report. First, the majority of retractions (75%) were due to mis-
conduct, rather than unintentional errors. This is disheartening
yet also important for understanding the heart of the problem.
Second, rates of retractions are increasing. Although this is partly
due to enhanced vigilance and tools for detecting plagiarism, data
fabrication, etc, it likely also reflects an actual increase in instances
of misconduct. Third, there is substantial variability in retraction
rates across both countries and journals. Although this indicates
there are settings in which greater change is necessary, it does
not suggest that vigilance and other culture changes are not uni-
versally important. Fourth, rates of and reasons for retractions in
rheumatology were similar to other medical specialties.

Data presented in this manuscript call for continued reflection
on the reasons for publication retractions and how we can
address this in the rheumatology field and in medical research
more broadly. Although multiple factors contribute to publication
misconduct, pressure to publish to achieve professional status is
likely a key driver. The degree to which publication pressure leads
to misconduct may vary across countries, fields, and institutions.
However, pressure to publish is almost universally present in the
context of academic medicine, and it has other negative impacts,
particularly for early career researchers; it can increase overall
work-related stress and lead to an unbalanced emphasis on one
aspect of the scientific process. As a rheumatology research
community, we have opportunity and an imperative to push back
on this paradigm and hold the value of scientific publication in its
proper place. High-quality publications are certainly one good
indicator that a researcher is conducting rigorous and impactful

science. Yet the primary goal of clinical research publications is
to share findings, ultimately advancing collective understanding
and improving the care and lives of patients, not to advance the
professional status of the authors.

Advances in the availability of artificial intelligence (AI) tools
are bringing both new opportunities and challenges in the area
of scientific publishing. There are good uses of these tools, includ-
ing supporting authors who wish to publish in a different lan-
guage. However, we are seeing increases in fully AI-generated
papers and even fabricated data. Unfortunately, these tools are
being used to facilitate unethical publication practices, likely for
the sake of professional advancement and survival. There will be
continued discussions about the appropriate use of AI tools in
the context of scientific writing. In wrestling with these questions,
and in promoting ethical publications practices overall, it is essen-
tial to keep the goal of medical publications at the heart of the
discussion.
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Retractions in Rheumatology: Trends, Causes,
and Implications for Research Integrity

Anna Maria Vettori1 and Michele Iudici2

Objective. We aimed to describe the trends and main reasons for study retraction in rheumatology literature.
Methods. We reviewed the Retraction Watch database to identify retracted articles in rheumatology. We recorded

the main study characteristics, authors’ countries, reasons for retraction, time from publication to retraction, and
trends over time. Reasons for retraction were classified as scientific misconduct, data/figure errors, or other reasons.
Main article features and cause of retractions in rheumatology were compared with a sample of articles from other
medical specialties.

Results. A total of 381 (79.5% original articles) rheumatology articles were retracted between 1989 and 2024. Most
originated from Asia (68.5%), particularly China (50.7%). Scientific misconduct accounted for 75.3% of retractions, fol-
lowed by data errors (14.9%) and other reasons (7.6%). Common misconduct types included data fabrication, fake
peer review, duplication, and authorship issues. The median time from publication to retraction was 18 months (inter-
quartile range 9–46), with one-third of articles requiring more than 36 months to be retracted. Time to retraction did
not improve over time. The number of retractions steadily increased over time from 18 in 2000–2009, 117 in 2010–
2019, and 207 in 2020–2023 (P < 0.001). Compared with other medical specialties, rheumatology exhibited similar
retraction patterns, differing mainly in geographic distribution.

Conclusion. Retractions in rheumatology have risen substantially, largely due to misconduct. This trend may
reflect an increase in questionable research practices or improved detection. Strengthening early-career education,
institutional oversight, and ethical research culture is essential to enhance transparency and integrity in the field.

INTRODUCTION

Scientific publishing plays a central role in the dissemination
of medical knowledge and in supporting research and education
within the discipline.1 However, not all published findings meet
the standards of rigor, quality, ethical conduct, and scientific valid-
ity. Study validity can be compromised by unintentional errors that
naturally occur in research, but in some cases, it may also be
undermined by misconduct, including practices such as fraud,
plagiarism, or data fabrication.1 Ensuring accuracy and credibility
in research is essential, as scientific evidence underpins medical
decision-making and health care policy.

Retraction, the formal withdrawal of a published article, is a
key mechanism through which the scientific community safe-
guards research integrity and prevents the dissemination of mis-
leading information that could compromise patient safety, distort
clinical practice, or misguide future research.2,3 Although still rela-
tively low, the rate of retraction in medicine has risen in recent

years, with the frequency and causes of retraction varying consid-

erably across medical fields.4–6 For instance, the proportion of

retractions due to misconduct across medical specialties has

been reported to range from 22% to 89%.6 When analyzing the

reasons for misconduct, plagiarism predominates in some spe-

cialties, whereas duplicate publication or data fabrication is more

common in others. Similarly, the proportion of articles retracted

for unintentional errors is highly variable.6 Identifying the patterns

and determinants of retractions within specific disciplines is cru-

cial for informing targeted interventions, strengthening editorial

and peer-review practices, and ultimately fostering a culture of

research integrity. A specialty-focused analysis can reveal field-

specific patterns that may be diluted or overlooked in broader bio-

medical data sets.
To date, no study has specifically examined this issue within

the field of rheumatology. We therefore conducted this analysis

to characterize retraction patterns in rheumatology, with the aim
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of understanding their underlying causes and trends, and to iden-

tify potential implications for future improvement.

METHODS

Search strategy. We performed a review of the Retraction
Watch database (RWD) (http://www.retractiondatabase.org) on
January 4, 2025. The RWD is continuously updated and provides
a comprehensive list of retracted scientific articles. The RWD
identifies retractions through automated searches of article data-
bases (eg, PubMed, Web of Science, Scopus), screening of
publisher and journal websites, institutional reports of research
misconduct investigations, and reader tips. The RWD is
updated daily, but some retractions may still be missed or iden-
tified with delay, although its coverage generally exceeds that of
other sources such as PubMed and Web of Science.7 The data
set includes, among other fields, the title of the retracted manu-
script, the research area (for example, economics or medicine),
the institution and country of the corresponding author, the jour-
nal, the type of study (for example, clinical research or meta-
analysis), the retraction date, digital identifiers for retraction
notices (where available), the DOI of the original article, and the
reasons for retraction. To identify articles related to rheumatol-
ogy, we used a two-step approach. First, we generated a list of
rheumatology-related terms starting from an initial draft created
using a large language model (ChatGPT o3).8 The prompt asked
the artificial intelligence (AI) to capture different variations of relevant
words (for example “rheumatology,” “rheumatism,” etc). For exam-
ple, to retrieve articles containing terms such as “rheumatology,”
“rheumatologic,” “rheumatism,” or “rheumatoid,” the AI suggested
using the root “rheuma” as a keyword. It also accounted for
language-specific variations of main disease names. For instance,
both “Sjögren” and “Sjogren” were included to capture articles
related to Sjögren disease. This process resulted in a list of 65 key-
words (Table 1), including the name of the specialty, diseases,
major diagnostic tests, treatments, and clinimetric indexes. The list
was reviewed for consistency by one of the authors (MI), a rheuma-
tologist. To create the initial shortlist of rheumatology-related

articles, we searched for the presence of at least 1 of the 65 key-
words in each row of the Excel file downloaded from
retractiondatabase.org. The selected articles were then manually
reviewed by the same author (MI) to exclude those not relevant to
rheumatology. Discrepancies were resolved by consensus through
discussion. To identify medical articles outside the field of rheuma-
tology to use as comparators, we searched the database by filter-
ing the Subject column for articles containing the term “Medicine.”
In the RWD, subjects including the word “Medicine” refer to entries
within the broader Health Sciences category, which covers a wide
range of medical and biomedical specialties such as internal medi-
cine, oncology, cardiology, neurology, surgery, pediatrics, pharma-
cology, radiology, dentistry, public health, nursing, epidemiology,
and related clinical and health-science disciplines. Articles classified
under rheumatology were excluded from the comparator set. We
classified reasons for retraction into the following categories,
adapted from Resnik et al9: scientific misconduct (data fabrication,
plagiarism, duplication, ethical violations, conflict of interest, author-
ship issues, lack of informed consent, compromised peer review,

Table 1. Keywords used to identify rheumatology articles (alpha-
betical order)

ANA gout rheuma
ankylosing
spondylitis

granulomatosis with
polyangiitis

rheumatic

anti-CCP HAQ rheumatism
arthritis health assessment

questionnaire
rheumatologic

arthralgia hyperuricemia rheumatologist
auto-
inflammatory
syndromes

IL-6 inhibitors rheumatology

autoimmune
disease

immunosuppressants rheumatoid arthritis

Behcet inflammation rheumatoid factor
Behçet’s disease inflammatory arthritis rheumatoid nodules
biologic DMARD JAK inhibitors rituximab
biological
therapy

joint degeneration sarcoidosis

connective
tissue disease

joint erosion scleroderma

corticosteroids leflunomide Sjogren
C-reactive
protein

methotrexate Sjögren’s syndrome

CRP mixed connective
tissue disease

spondyloarthropathy

DAS NSAIDs spondyloarthritis
DAS28 osteoporosis sulfasalazine
dermatomyositis osteoarthritis synovitis
disease activity
score

overlap syndromes systemic lupus
erythematosus

DMARD PMR systemic sclerosis
erythrocyte
sedimentation
rate

polymyalgia
rheumatica

TNF inhibitors

ESR polymyositis uric acid
fibromyalgia PsA vasculitis
GCA psoriatic arthritis
giant cell arteritis remission

SIGNIFICANCE & INNOVATIONS
• The number of retracted articles in rheumatology

has increased over time, reflecting either a rise in
compromised studies or improved detection.

• Most retractions are due to misconduct, mainly
data fabrication, peer-review concerns, and dupli-
cate publication, whereas only about 15% result
from errors without misconduct.

• The findings may help inform medical students,
rheumatologists, editors, and institutions, promot-
ing a culture of transparency and accountability in
research.
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and other/unspecified), errors in data/figure, and other. Information
pertaining to the entity initiating or conducting the retraction pro-
cess (eg, “Investigation by journal/publisher,” “Investigation by
institution”) was not considered a substantive reason for retraction.
Instead, these cases were grouped separately under the category
“Investigation/Administrative,” which records who initiated the
retraction but does not represent a specific cause. The impact fac-
tors of the journals were assessed using Journal Citation Reports
(Clarivate Analytics 2024).10 We followed the Strengthening the
Reporting of Observational Studies in Epidemiology reporting
guideline.11

Statistical analysis. Data were summarized as number
(percentage) for qualitative variables and median (interquartile
range [IQR]) for continuous variables. Continuous variables were
compared with t-test, Wilcoxon test, or Kruskal-Wallis test, and
categorical variables were compared with χ2 test or Fisher exact
test, as appropriate. We assessed temporal trends using Poisson
regression of period counts on an ordinal period index with a log
link and an offset for period length (log years); the P value is the
Wald test for the period coefficient. A P value ≤ 0.05 was consid-
ered significant. Ethical approval was not required (study not
involving human participants). All analyses were performed in R
(version 4.4.2).

RESULTS

Main study characteristics. Of the retractions retrieved,
381 (published between 1989 and 2024) were related to rheuma-
tology (Figure 1 shows the flowchart of search strategy).
Retracted articles in rheumatology were mostly original articles
(n = 303; 79.5%), published mainly by authors from Asia
(n = 261; 68.5%). China accounted for the largest number of
retractions (n = 193; 50.7%), followed by Japan (n = 30; 7.9%).
The median number of authors per retracted article was 5 (range
1–46, IQR 3–7), and the median journal impact factor was 3.2
(range 0.2–98.4; IQR 2.5–4.7). In total, articles were retracted
from 211 journals, of which 12 had more than five retracted arti-
cles (see Supplementary Table S1).

Reasons for retractions. The majority of the articles had
multiple reasons for retractions (median 3, IQR 1–4). Most articles
had at least one cause of scientific misconduct (n = 287; 75.3%),
whereas a smaller proportion of articles were retracted due to
data errors without misconduct (n = 57; 14.9%) or other reasons
(n = 29; 7.6%). Among the articles retracted for scientific miscon-
duct, the most common issues were data fabrication, concerns
with or fake peer review, duplication, and authorship problems
(Table 2). Studies retracted for errors without misconduct were
published in journals with higher impact factors (median 3.3, IQR
2.8–5.7) than those retracted for misconduct (median 2.9,
IQR 2.4–4.3) or for other reasons (median 1.9, IQR 0.8–4.5;

P < 0.001). Figure 2 and 3 show the temporal trends of retraction
in rheumatology by reason and by type of misconduct.

Time from publication to retraction.Median time from
publication to retraction was 18 months (IQR 9–46, range 1–223),
with 118 (31%) and 68 (18%) articles needing more than
36 months and 60 months, respectively, to be retracted. Time
needed for retractions was longer for cases of scientific miscon-
duct (18 months, IQR 10.5–46) compared to cases of data errors
(13 months, IQR 4–47) or other reasons (5 months, IQR 0–29;
P < 0.001).

For specific misconduct reasons, time to retraction was
shorter for ethical violations, concerns with peer review, lack or
withdrawal of informed consent, and plagiarism, whereas it was
longer for duplication and authorship issues (see Supplementary
Table S2). Time to retraction remained stable over time (median
21 months in 2000–2009, 16 months in 2010–2019, 17 months
in 2020–2023; P = 0.983).

Temporal trends of retractions and related reasons.
The number of retracted articles increased from 3 in 1990–1999
to 18 in 2000–2009, 117 in 2010–2019, and 207 in 2020–2023
(P < 0.001; Figure 2). The year 2023 accounted for the largest
number of retractions, with 105 retracted articles (27.5%), of
which 101 (96.2%) involved misconduct issues, 92 (87.6%)
originated from China, and 74 (70.5%) were published by
Hindawi. Similarly, retractions due to misconduct rose from 1 in
1990–1999 to 13 in 2000–2009, 70 in 2010–2019, and 176 in
2020–2023 (P for trends < 0.001; Figure 2). Significant upward
trends were also observed for retractions due to errors (data not
shown), and these trends remained statistically significant even
after excluding 2023, the year with a marked spike in retractions.

Comparison between rheumatology and other
retracted studies in medicine. Compared with retracted arti-
cles in other medical specialties, retracted rheumatology studies
exhibited similar patterns in the reasons for retraction, time from
publication to retraction, retraction requesters, and publishers
involved. The only significant difference was observed in geo-
graphic distribution: a higher proportion of retracted rheumatol-
ogy studies originated from Asia (68.5% vs 58.3%; P < 0.001),
particularly from China (50.7% vs 38.4%; P < 0.001) (Table 2).

DISCUSSION

In rheumatology, the number of retractions has steadily
increased in recent years, with most cases attributed to scientific
misconduct. The leading causes included data fabrication, con-
cerns about peer review, and duplicate publication, whereas only
about 15% of retractions resulted from errors without evidence of
misconduct. The average time to retraction was approximately
18 months, with no improvement observed over time. Retractions
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occurred more quickly for cases involving ethical violations, lack
or withdrawal of informed consent, peer-review concerns, and
plagiarism, whereas they took longer for issues related to duplica-
tion and authorship disputes. Retracted rheumatology studies
showed similar patterns to other medical fields, except for a
higher proportion originating from Asia, particularly China.

Retractions in rheumatology, as in other medical fields, have
increased in recent years. As in other specialties, it is likely that this
rise cannot be explained solely by the growing number of publica-
tions. In fact, the incidence of retractions has doubled in cardiol-
ogy12 and increased in other fields, from 2.3 per 100,000
publications in 2001 to an estimated 8 per 10,000 publications
in 2022.4,5 Whether this reflects a general decline in scientific
integrity or is instead a consequence of the greater awareness of
publication ethics and more effective detection of unreliable
work,13,14 as advocated by the Committee on Publication Ethics
guidelines (2009),1 remains uncertain. Nonetheless, it is evident
that recent years have seen a stronger emphasis on research
integrity, greater public scrutiny through online publication, and
wider availability of tools to detect plagiarism or redundant stud-
ies. Consequently, the rise in retractions may be interpreted not
only as evidence of increased misconduct but also as a reflection

of enhanced vigilance and a growing commitment to maintaining
scientific standards.14 For instance, the spike in article retractions
observed in 2023 was largely driven by initiatives from certain
publishers to eliminate paper mill content and address cases of
compromised peer review.15

Regarding the underlying reasons, most retractions were
attributed to research misconduct, whereas those resulting from
genuine errors, an unavoidable aspect of scientific work that
should not be viewed negatively, were a minority. Although varia-
tions exist across specialties,6 misconduct regrettably remains
the predominant cause of retraction in most areas of
medicine,6,16–19 with fraud, data fabrication, and fraudulent peer
review being the most common forms of misconduct and their
incidence showing an increasing trend over time. A meta-analysis
on medical publications found that overall, misconduct was
responsible for an estimated proportion of 60% of all retractions,
whereas error and publication issues were responsible for,
respectively, 17% and 9%.6 Several factors may explain why
authors engage in unethical research practices. The need to
maintain a robust publication record to advance an academic
medical career, often described as “publish or perish,” has been
widely recognized as a key driver.20 Additional contributing

Figure 1. Flowchart of search strategy
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Table 2. Main characteristics of retracted articles*

Rheumatology
(n = 381)

Medicine
(n = 15,308) P value

Article type 0.056
Original article 303 (79.5) 11,828 (77.3)
Meta-analysis/review 50 (13.1) 1,736 (11.3)
Case report 16 (4.2) 611 (4.0)
Commentary/editorial/letter 3 (0.8) 224 (1.5)
Guidelines 1 (0.3) 56 (0.4)
Other 8 (2.1) 853 (5.6)

Continent <0.001
Asia 261 (68.5) 8,923 (58.3)
Europe 40 (10.5) 2,248 (14.7)
North America 22 (5.8) 1,720 (11.2)
Africa 12 (3.1) 349 (2.3)
South America 6 (1.6) 123 (0.8)
Oceania 5 (1.3) 152 (1.0)
Multiple continents 30 (7.9) 1,610 (10.5)
Unknown 5 (1.3) 182 (1.2)

Country <0.001
China 193 (50.7) 5,881 (38.4)
International 47 (12.3) 2,257 (14.7)
Japan 30 (7.9) 743 (4.9)
United States 14 (3.7) 1,509 (9.9)
India 3 (0.8) 709 (4.6)
United Kingdom 3 (0.8) 385 (2.5)

Reason for retraction 0.309
No. studies with ≥1 reason for scientific misconduct 287 (75.3) 11,485 (77.5)
No. studies retracted for data errors without misconduct 57 (14.9) 1939 (13.1)
Other reasons 29 (7.6) 1,389 (9.4)
Scientific misconducta

Fabrication of the data 96 3,557
Concern with/fake peer review 94 4,569
Duplication 87 3,138
Issues about authorship 67 1938
Lack or withdrawn of informed consent 62 2,233
Plagiarism 57 2,243
Ethical violations 20 962
Conflict of interest 1 136
Unspecified misconduct 124 4,458

Error(s) in the manuscripta 267 8,760
Other reasonsa 311 12,112

Journal impact factor, median (IQR) 3.2 (2.5–4.7) 3.1 (2.2–5) 0.976
Time from publication to retraction, months,

median (IQR)
18 (9–46) 17 (8–42) 0.584

Retractions due to scientific misconduct 18 (10.5–46) 18 (10–40)
Retractions for data errors 13 (4–47) 13 (4–34)
Retractions for other reasons 5 (1–29) 5 (1–25)

N of authors, median (IQR) 5 (3–7)
Retraction requesters 0.847
Journals or publishers 140 (48.8) 5,647 (49.3)
Third partyb 114 (29.9) 4,392 (28.6)
Company/institution 33 (8.6) 1,419 (9.3)

Top 5 publishers 0.244
Hindawi 89 (23.4) 3,643 (23.8)
Elsevier 42 (11.0) 2012 (13.1)
Springer 39 (10.2) 1,132 (7.4)
Wiley 34 (8.9) 1,446 (9.4)
Taylor and Francis 16 (4.2) 638 (4.2)

Retraction notice access
Open access 366 (96.1) 14,754 (96.4)

* Values are expressed as n (%) unless stated otherwise. IQR, interquartile range.
a More than 1 reason possible for each study retraction.
b An investigation by any third party that is not the United States Office of Research Integrity.
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Figure 2. Temporal trends of retraction in rheumatology by reason.

Figure 3. Annual trends in rheumatology retractions by misconduct reason. Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.80005/abstract.
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factors include inadequate institutional oversight, conflicts of
interest, insufficient training in research ethics, and cultural or sys-
temic pressures that prioritize productivity over integrity.8,14,21,22

Our findings highlight the need to strengthen education, over-
sight, and a culture of research integrity in rheumatology, begin-
ning early in training and continuing throughout researchers’
careers. Initiatives such as the EQUATOR Network23 and
Responsible Conduct of Research programs24 endorsed by the
National Institutes of Health and the European Commission pro-
mote transparency, reproducibility, and ethical research prac-
tices. Greater consideration and implementation of such
initiatives within rheumatology could further enhance research
quality and uphold scientific standards. In this context, the advent
of AI presents both a concern and an opportunity: whereas these
tools may facilitate image manipulation or the creation of fabri-
cated research content, they also offer the potential for enhanced
screening and detection methods that could help prevent such
issues.

We did not observe any improvement in the time required to
retract an article over the years, which has plateaued at approxi-
mately 18 months. Notably, about one-third of retractions took
more than 36 months to be finalized. This highlights the ongoing
challenges in identifying flawed articles and taking timely correc-
tive action to minimize their potential negative impact on the sci-
entific literature.25 Addressing this issue should be considered a
research priority, as recent evidence indicates that retracted arti-
cles can distort the results of systematic reviews and meta-analy-
ses.25 Adopting standardized workflows, such as those outlined
by the National Information Standards Organization Communica-
tion of Retractions, Removals, and Expressions of Concern
guidelines,26 can streamline decision-making and ensure prompt
correction of the scientific record.

About half of the retracted articles originated from China. In a
review of retracted articles across medical fields, China and sev-
eral low- and middle-income countries showed relatively higher
retraction rates compared with their overall publication vol-
ume.27,28 This pattern may reflect multiple factors, including
strong performance-based incentives in academic promotion
systems, varying levels of oversight and mentorship for early-
career researchers,28 and the increasing detection of issues such
as paper mills or peer-reviewmanipulation, whichmaymore read-
ily affect regions with rapidly expanding research activity.29

Our study has several limitations. First, as mentioned above,
we were unable to estimate the exact proportion of retracted pub-
lications relative to all publications in rheumatology, given the wide
range of diseases encompassed by this specialty, which are diffi-
cult to capture within predefined categories. Second, we could
not determine whether the rise in retracted publications reflects
an absolute increase in erroneous and/or fraudulent research or,
rather, heightened detection. Third, we used impact factor values
from the 2024 Journal Citation Reports, which may not reflect the
journal’s impact factor at the time the retracted articles were

published. However, this approach is common,16,30 and prior
studies have shown that citation-based journal rankings are rela-
tively stable over time, making contemporary impact factors a rea-
sonable proxy for journals’ relative impact.31 Fourth, some
rheumatology articles, particularly from multidisciplinary journals,
may not have been captured, affecting absolute counts. How-
ever, this is unlikely to have altered the main conclusions. Finally,
it remains uncertain whether these retractions have had a nega-
tive impact on subsequent research or patient care. Future
research is needed to clarify these points. Strengths of our study
include its originality in the field and its systematic approach to
characterizing retraction trends, causes, and geographic
distribution.

In conclusion, the number of retracted articles in rheumatol-
ogy has continued to rise over time, primarily due to questionable
research practices. This trend may reflect either an increase in the
publication of compromised studies or improved detection of
such issues. Unfortunately, retractions capture only a small pro-
portion of cases of scientific misconduct. Surveys among scien-
tists have shown that approximately 2% admitted to having
fabricated, falsified, or modified data or results at least once, and
34% acknowledged other forms of intentional misconduct, such
as manipulating graphs or unjustifiably removing data from final
analyses.22 Moreover, it is also important to note that cases of
misconduct or serious errors are identified during peer review or
editorial assessment and therefore never reach publication. These
findings highlight the need to raise greater awareness of research
integrity issues within the scientific community. Our results may
help inform medical students, rheumatologists and trainees, edi-
tors, and research institutions, thereby supporting efforts to
strengthen preventive strategies, improve editorial and peer-
review processes, and foster a culture of transparency and
accountability in research.

ACKNOWLEDGMENTS

We thank the team behind the Retraction Watch Database for mak-
ing their data publicly available and for their ongoing efforts to promote
research transparency. Open access publishing facilitated by Universite
de Geneve, as part of the Wiley - Universite de Geneve agreement via
the Consortium Of Swiss Academic Libraries.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Iudici confirms that all authors have provided the final approval
of the version to be published and takes responsibility for the affirmations
regarding article submission (eg, not under consideration by another
journal), the integrity of the data presented, and the statements regard-
ing compliance with institutional review board/Declaration of Helsinki
requirements.

VETTORI AND IUDICI1378



REFERENCES

1. COPE Council. Retraction guidelines. Committee on Publication
Ethics; 2019. https://publicationethics.org/files/retraction-guidelines-
cope.pdf.

2. Bargain O, Aminjonov U. Trust and compliance to public health poli-
cies in times of COVID-19. J Public Econ 2020;192:104316.

3. Siegrist M, Bearth A. Worldviews, trust, and risk perceptions shape
public acceptance of COVID-19 public health measures. Proc Natl
Acad Sci U S A 2021;118(24):e2100411118.

4. He T. Retraction of global scientific publications from 2001 to 2010.
Scientometrics 2013;96:555e61.

5. Oransky AI. Nearing 5,000 retractions: a review of 2022. Retraction-
Watch. 2022. Accessed September 15, 2025. https://retractionwatch.
com/2022/12/27/nearing-5000-retractions-a-review-of-2022/

6. Hwang SY, Yon DK, Lee SW, et al. Causes for retraction in the bio-
medical literature: a systematic review of studies of retraction notices.
J Korean Med Sci 2023;38(41):e333.

7. Sebo P, Sebo M. Comparing the performance of Retraction Watch
Database, PubMed, and Web of Science in identifying retracted pub-
lications in medicine. Account Res Published online March 29, 2025.

8. ChatGPT. Mar 2025 version. 2025. OpenAI; 2025 version.

9. Resnik DB, Rasmussen LM, Kissling GE. An international study of
research misconduct policies. Account Res 2015;22(5):249–266.

10. Clarivate Analytics. Journal Citation Reports. Clarivate Analytics;
2024. https://jcr.clarivate.com.

11. von Elm E, Altman DG, Egger M, et al; STROBE Initiative. The
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies.
J Clin Epidemiol 2008;61(4):344–349.

12. Wadhwa RR, Rasendran C, Popovic ZB, et al. Temporal trends, char-
acteristics, and citations of retracted articles in cardiovascular medi-
cine. JAMA Netw Open 2021;4(7):e2118263.

13. Cokol M, Ozbay F, Rodriguez-Esteban R. Retraction rates are on the
rise. EMBO Rep 2008;9(1):2.

14. Fanelli D. Publishing: rise in retractions is a signal of integrity. Nature
2014;509(7498):33.

15. Retraction Watch Database. http://retractiondatabase.org/Retraction
Search.aspx.

16. Audisio K, Robinson NB, Soletti GJ, et al. A survey of retractions in the
cardiovascular literature. Int J Cardiol 2022;349:109–114.

17. Barton AT, Cordero-Coma M, Gallagher MJ, et al. The application of
the retraction watch database in eye research-based studies. Indian
J Ophthalmol 2021;69(12):3767.

18. Bennett C, Chambers LM, Al-Hafez L, et al. Retracted articles in the
obstetrics literature: lessons from the past to change the future.
Am J Obstet Gynecol MFM 2020;2(4):100201.

19. Rapani A, Lombardi T, Berton F, et al. Retracted publications and their
citation in dental literature: a systematic review. Clin Exp Dent Res
2020;6(4):383–390.

20. De Rond M, Miller AN. Publish or perish: bane or boon of academic
life? J Manage Inq 2005;14(4):321–329.

21. Peterson CJ, Nugent K. What can we learn from the retraction of
medical articles. Med Sci Educ 2024;35(1):497–501.

22. Fanelli D. How many scientists fabricate and falsify research? A sys-
tematic review and meta-analysis of survey data. PLoS One 2009;
4(5):e5738.

23. Simera I, Moher D, Hirst A, et al. Transparent and accurate reporting
increases reliability, utility, and impact of your research:
reporting guidelines and the EQUATOR Network. BMC Med 2010;
8(1):24.

24. CITI Program. Responsible conduct of research (RCR). Accessed
October 14, 2025. https://about.citiprogram.org/series/responsible-
conduct-of-research-rcr/

25. Graña Possamai C, Cabanac G, Perrodeau E, et al. Inclusion of
retracted studies in systematic reviews and meta-analyses of inter-
ventions: a systematic review and meta-analysis. JAMA Intern Med
2025;185(6):702–709.

26. NISO CREC Working Group. Communication of Retractions,
Removals, and Expressions of Concern (CREC). National Information
Standards Organization; 2024. Accessed October 14, 2025. https://
groups.niso.org/higherlogic/ws/public/download/30869/NISO_RP-
45-2024_CREC.pdf

27. Campos-Varela I, Ruano-Raviña A. Misconduct as the main cause for
retraction. A descriptive study of retracted publications and their
authors. Gac Sanit 2019;33(4):356–360.

28. Palla IA, Singson M, Thiyagarajan S. A comparative analysis of
retracted papers in health sciences from China and India. Account
Res 2020;27(7):401–416.

29. Rivera H, Teixeira da Silva JA. Retractions, fake peer reviews, and
paper mills. J Korean Med Sci 2021;36(24):e165.

30. Gaudino M, Robinson NB, Audisio K, et al. Trends and characteristics
of retracted articles in the biomedical literature, 1971 to 2020. JAMA
Intern Med 2021;181(8):1118–1121.

31. Paji�c D. On the stability of citation-based journal rankings.
J Informetrics 2015;9(4):990–1006.

RETRACTION IN RHEUMATOLOGY 1379

https://publicationethics.org/files/retraction-guidelines-cope.pdf
https://publicationethics.org/files/retraction-guidelines-cope.pdf
https://retractionwatch.com/2022/12/27/nearing-5000-retractions-a-review-of-2022/
https://retractionwatch.com/2022/12/27/nearing-5000-retractions-a-review-of-2022/
https://jcr.clarivate.com
http://retractiondatabase.org/RetractionSearch.aspx
http://retractiondatabase.org/RetractionSearch.aspx
https://about.citiprogram.org/series/responsible-conduct-of-research-rcr/
https://about.citiprogram.org/series/responsible-conduct-of-research-rcr/
https://groups.niso.org/higherlogic/ws/public/download/30869/NISO_RP-45-2024_CREC.pdf
https://groups.niso.org/higherlogic/ws/public/download/30869/NISO_RP-45-2024_CREC.pdf
https://groups.niso.org/higherlogic/ws/public/download/30869/NISO_RP-45-2024_CREC.pdf


B R I E F R E P O R T

A Rheumatoid Arthritis Training Program for Primary
Care Providers on the Navajo Nation

Jennifer Mandal, MD,1 Tabitha Carroway, MPH,1, Gwendolyn Grant, MD,2, Mary Margaretten, MD,1,

Starla H. Blanks, MBA, MPH,3, Nataya Cabrera, BA,3, Jeannie Hong, PharmD, MPH, BCPS,4,

Zara Izadi, MPharm, PhD,1, Marita Jones, MPH,5, Tina Tso,5, and Jinoos Yazdany, MD, MPH1,

Objective. The Navajo Nation, the largest Native American reservation, faces a high prevalence of rheumatoid
arthritis (RA) and a critical shortage of rheumatology providers. To address this gap, we developed an RA training pro-
gram for primary care providers (PCPs) using the Project Extension for Community Healthcare Outcomes (ECHO) tele-
mentorship model. This study evaluates the impact of the RA ECHO curriculum on PCPs’ knowledge, confidence, and
self-reported clinical behaviors.

Methods. We designed a 12-week RA curriculum of weekly 60-minute Zoom sessions with expert-led didactics
and case discussions. Content was informed by a needs assessment and input from Navajo cultural interpreters. PCPs
completed precourse, postcourse, and one-year follow-up surveys assessing medical knowledge (multiple-choice
test) and self-reported confidence (five-point Likert scale) in RA diagnosis and treatment. The one-year follow-up also
assessed changes in self-reported clinical behaviors. Paired t-tests were used to assess score changes over time.

Results. A total of 46 clinicians completed the program across three cohorts. Knowledge scores improved from
46% to 71% postcourse (+25%, 95% confidence interval [CI] 7%–43%, P = 0.009) and remained 69% after one year.
Confidence scores increased from 2.9 (“neutral”) to 3.9 (“somewhat comfortable”; +1.0, 95% CI 0.23–1.74, P = 0.01),
sustained at one year. One year later, participants reported favorable changes in clinical behaviors including perform-
ing more detailed joint examinations and ordering preimmunosuppression laboratory tests and vaccines.

Conclusion. The RA ECHO curriculum improved PCPs’ knowledge, confidence, and self-reported clinical behav-
iors in RA care in the Navajo Nation. This culturally grounded, disease-focused model demonstrates feasibility, accept-
ability, and scalability as a workforce expansion strategy in settings with limited rheumatology access.

INTRODUCTION

Native American communities experience some of the most

pronounced health disparities in the United States, including a

disproportionate burden of rheumatologic disease and limited

access to specialty care. The Navajo Nation, the largest Native

American reservation in the United States, illustrates this inequity

acutely. Spanningmore than 27,000 square miles across Arizona,

New Mexico, and Utah, the Navajo Nation is home to over

170,000 tribal members, many of whom live in rural or remote set-

tings with limited access to subspecialty care.1,2 The

prevalence of rheumatoid arthritis (RA) among the Navajo (Diné)

is estimated to be at least four times the national average, with

some studies reporting rates as high as 4.5% to 8%, representing

one of the highest known burdens of RA worldwide.3,4

Despite this high prevalence of rheumatologic disease, the

Navajo Nation, like many other rural areas, faces a serious short-

age of local rheumatology providers. Patients often wait more

than six months for rheumatology appointments, and many

patients must travel more than 100 miles to receive care. In this
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context, local primary care providers (PCPs) often have no choice

but to attempt to diagnose and treat complex rheumatologic con-

ditions with limited specialist support.2 Yet, many PCPs report

limited training or confidence in diagnosing andmanaging autoim-

mune diseases.2,5 Even when rheumatology appointments are

available, many Diné patients express a preference for receiving

care from local, trusted PCPs who are more accessible and who

better understand their patients’ cultural contexts.2

These challenges exist within a broader national crisis in the
rheumatology workforce. The American College of Rheumatology
projects that by 2030, demand for rheumatologic services will
more than double the available supply of rheumatologists, with
shortages disproportionately affecting rural and underserved
regions.6,7 Workforce expansion strategies that rely solely on
increasing the number of trained rheumatologists are unlikely to
meet the needs of high-burden communities such as the Navajo
Nation in the near term. Innovative models that build rheumatol-
ogy capacity within primary care, while centering equity and com-
munity partnership, are urgently needed.

In response to these challenges, we developed and imple-
mented a telementorship-based RA training program for Navajo
Area PCPs using the Project Extension for Community Healthcare
Outcomes (ECHO) model. Project ECHO is an educational model
designed to expand access to specialty care by training PCPs on
specialist-level topics through regular, virtual case-based learning
and brief didactics led by a multidisciplinary expert panel.8,9

Although the ECHO model has demonstrated success in multiple
chronic disease domains, its application in rheumatology,10 and

specifically in Native American communities, has been limited
compared to other specialties.

In response to these gaps, we developed and implemented
an RA ECHO curriculum for PCPs serving the Navajo Nation.
The curriculum was designed in close partnership with Navajo cli-
nicians, community health leaders, and cultural interpreters and
was informed by a formal needs assessment of PCPs practicing
in the Navajo Area.2 This study describes the design, implementa-
tion, and evaluation of the RA ECHO curriculum and assesses its
impact on PCPs’ knowledge, confidence, and self-reported clini-
cal behaviors related to the diagnosis and treatment of RA. Our
findings highlight the potential of community-informed,
telementorship-based PCP education to address both workforce
shortages and disparities in rheumatology care for underserved
populations.

PARTICIPANTS AND METHODS

Program development. The RA ECHO curriculum was
developed in 2020 by an interdisciplinary team including mem-
bers from the University of California, San Francisco (UCSF), the
American College of Rheumatology Collaborative Initiatives Divi-
sion, and clinicians and community health leaders living in and
near the Navajo Nation. The curriculum was intentionally focused
on a single disease, RA, to promote depth of learning and to
ensure relevance to the target population given the high preva-
lence of RA among the Navajo. RA also lends itself well to the
ECHO model because it has clearly defined treatment guidelines.
Rather than launching a broad nationwide ECHO curriculum, we
intentionally decided to focus on one specific community because
we believe meaningful and sustainable improvements in RA care
come from educational interventions designed with the commu-
nity’s logistical, cultural, linguistic, and social contexts in mind.

Key partners included three rheumatologists from UCSF,
two Navajo Area rheumatologists, a pharmacist familiar with the
Indian Health Service (IHS) formulary, and two Navajo cultural
interpreters. To design the curriculum, we built on previous work2

in which we conducted a formal needs assessment of PCPs
working within the Navajo Area health system. This needs assess-
ment study included semistructured interviews and surveys of
15 PCPs (13 physicians, 1 nurse practitioner, and 1 physician
associate, all working in either family medicine or internal medicine
clinics), which identified core gaps in PCP confidence and knowl-
edge related to RA diagnosis, disease-modifying antirheumatic
drug (DMARD) initiation, treatment escalation, and safety monitor-
ing. PCPs also described structural barriers to care delivery,
including limited access to laboratories and refrigeration-
dependent medications, language discordance, and patient mis-
trust of Western medicine. Our interdisciplinary team intentionally
addressed these community-specific facilitators and barriers to
rheumatology care throughout the RA ECHO curriculum. A sum-
mary of these community-specific considerations and their

SIGNIFICANCE & INNOVATIONS
• This study is the first disease-specific, culturally

grounded rheumatology Extension for Community
Healthcare Outcomes (ECHO) program designed
for and implemented in the Navajo Nation, tailored
for a community with one of the highest known bur-
dens of rheumatoid arthritis in the United States.

• This study demonstrates that a focused,
telementorship-based curriculum can significantly
and sustainably improve primary care providers’
knowledge, confidence, and self-reported clinical
behaviors in rheumatoid arthritis diagnosis and
management.

• Our curriculum integrates Navajo cultural perspec-
tives and community input into rheumatology
education—an innovative approach to enhance
engagement, trust, relevance, and sustainability.

• Our curriculum illustrates how community-
informed rheumatology ECHO programs can be
used as a scalable and replicable strategy to quickly
expand rheumatology capacity in other under-
served or rural communities facing rheumatology
workforce shortages.
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corresponding curricular adaptations is provided in Supplemen-
tary Table S1.

Curriculum structure. The RA ECHO program consists
of 12 weekly 60-minute Zoom sessions, held during the lunch
hour. Each session includes a 20- to 30-minute didactic led by a
rheumatologist, followed by an interactive case-based discus-
sion. Didactic topics were selected based on the needs assess-
ment study and covered foundational topics such as
distinguishing inflammatory from noninflammatory joint pain, con-
ducting a detailed RA joint examination, and safely initiating and
monitoring conventional synthetic DMARDs.

Following the didactic, PCPs engaged in interactive case dis-
cussion with the interdisciplinary teaching panel. PCPs were
encouraged to submit their own de-identified patient cases using
a standardized case presentation form developed by our team.
The case presentation form was adapted from existing Project
ECHO presentation templates and modified by our
interdisciplinary team to emphasize RA-specific clinical elements
(eg, duration and characteristics of joint symptoms, musculoskel-
etal examination, imaging studies, previous immunosuppressive
medication trials, etc). Whenever possible, discussions integrated
community-based considerations such as traditional healing
practices, navigating Navajo language barriers, and other practi-
cal considerations such as access to refrigeration for biologic
medications. In addition to live webinars, we chose to expand
our program beyond the traditional ECHO model by creating a
library of asynchronous learning resources for PCPs. These
resources included instructional videos demonstrating the RA
joint examination and how to calculate RA disease activity scores,
recorded lectures, one-page “Quick Start” RA treatment guides,
and patient education handouts designed specifically for the
Navajo community.

Recruitment and participants. PCPs were recruited
from IHS and tribally operated health facilities located within the
Navajo Area. At the time of recruitment, there were approximately
70 to 80 PCPs (50–55 full-time equivalent PCPs) working in the
Navajo Area, a region that is home to approximately 244,000
Native Americans living in and near the Navajo Nation. Recruit-
ment strategies included direct outreach by local champions,
email announcements, word of mouth, and presentations at
regional and national meetings. Recruitment specifically targeted
PCPs (including physicians, nurse practitioners, and physician
associates), but other health care providers were not excluded
from participating. To help incentivize consistent attendance, we
offered continuing medical education credits. Participants who
attended at least 9 of 12 sessions and presented at least one
de-identified patient case for discussion received a formal
Certificate of Course Completion from the American College of
Rheumatology.

Evaluation strategy. We used a pre–post survey design
to assess the impact of the curriculum on participants’ knowl-
edge, confidence, and satisfaction. Participants completed a pre-
survey before the course began, a postsurvey after the course
ended, and a one-year follow-up survey. Each survey included a
multiple-choice RA medical knowledge test covering key con-
cepts in diagnosis and treatment. The same knowledge questions
were used on the presurvey, postsurvey, and one-year follow-up
survey, and participants were not provided with an answer key
at any point. Each survey also included confidence questions, in
which participants ranked their comfort level with aspects of RA
diagnosis and management (eg, distinguishing between RA and
osteoarthritis; initiating a patient for the first time on an oral
DMARD) on a five-point Likert scale. In the postsurvey, partici-
pants also rated each session’s usefulness on a five-point Likert
scale (1 being not at all useful, and 5 being extremely useful) and
answered open-text questions about the course’s usefulness,
quality, and impact. In addition to the knowledge and confidence
questions, the one-year follow-up survey also asked participants
about self-reported changes in clinical behaviors related to RA,
such as how frequently they perform detailed joint examinations
or check hepatitis serologies before starting immunosuppression.
Self-reported behavior changes were measured on a five-point
Likert scale (“much less frequently” to “much more frequently”).

Survey responses were analyzed using descriptive statistics,
with means and SDs calculated for continuous variables and
response frequencies for categorical variables. Changes in knowl-
edge and confidence among presurvey, postsurvey, and one-
year follow-up survey were assessed using paired t-tests, with
95% confidence intervals (CIs) and P values reported. A two-
tailed P value of <0.05 was considered statistically significant. To
examine the relationship between changes in knowledge and
confidence, we calculated the Pearson correlation coefficient
between each participant’s change in mean knowledge score
and change in mean confidence score from pre- to postcourse.
This project was granted exempt status by the UCSF Institutional
Review Board because it involved implementation and evaluation
of standard educational methods. In the preparation of this man-
uscript, the authors used ChatGPT for minor language editing
and grammar review only; all intellectual and analytical contribu-
tions are the authors’ own.

RESULTS

Participation and engagement. A total of 46 clinicians
participated in the RA ECHO curriculum across the first three
cohorts (Table 1), including 33 physicians (71.7%), 9 nurse practi-
tioners (19.6%), 2 physician associates (4.3%), and 2 optometrists
(4.3%). Most participants specialized in either family medicine
(52%) or internal medicine (37%). There was also a small number
of participants from other specialties who reported frequently see-
ing patients with RA (two from orthopedic surgery, two from
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optometry, and one from pediatrics). On average, participants
attended 71% of the scheduled teaching sessions. A total of
29 participants (63%) presented at least one de-identified patient
case during the course.

Knowledge outcomes. Performance on the multiple-
choice RA knowledge test (Figure 1) increased by 25% (95% CI
7%–43%, P = 0.009) from a mean presurvey score of 46% cor-
rect (95% CI 33%–60%) to a mean postsurvey score of 71%

correct (95% CI 57%–84%). This improvement in knowledge
was durable: the mean score on the one-year follow-up survey
was 69% correct (95% CI 54%–83%), which was not statistically
significantly different compared to the posttest (P = 0.84).

Confidence outcomes. Statistically significant improve-
ments were observed in participants’ self-reported comfort levels
with various aspects of RA diagnosis and treatment (+1 point on
the Likert scale, 95% CI 0.23–1.74, P = 0.013; Figure 1). Before
taking the course, the mean confidence rating was 2.9 (95% CI
2.35–3.44), corresponding approximately to a confidence rating
of “neutral.” On the postsurvey, the mean confidence
rating improved to 3.9 (95% CI 3.29–4.46), corresponding
approximately to a confidence rating of “somewhat comfortable.”
This improved confidence remained stable on the one-year
follow-up survey, with a mean confidence score of 3.8 (95% CI
3.29–4.39), which was not statistically significantly different that
the posttest mean (P = 0.808). Changes in participants’ knowl-
edge scores (pre vs post) were strongly positively correlated with
changes in self-reported confidence scores (r = 0.73,
P = 0.0075), indicating that participants who demonstrated larger
gains in RA knowledge also tended to report greater increases in
confidence.

Satisfaction with the curriculum. On the postsurvey,
the mean usefulness score (±SD) across all sessions was 4.52
(±0.77) of 5. Of the respondents, 100% stated they would recom-
mend the program to colleagues. Free-text comments praised
the practical content, case-based learning, and inclusion of
Navajo-specific cultural context. Several participants expressed
interest in advanced follow-up curricula and hands-on workshops
to practice the joint examination and procedures.

Self-reported clinical behavior change. On the one-
year follow-up survey, participants in the RA ECHO program
self-reported favorable changes in clinical practice behaviors
across multiple domains (Figure 2). Two-thirds of participants
(67%) indicated that they now initiate a workup for RA more fre-
quently or much more frequently than before the program. Of
the participants, 78% reported performing thorough joint exami-
nations more often, and 67% reported increased use of RA dis-
ease activity scores. Confidence in initiating conventional
DMARD therapy also improved, with 61% of respondents report-
ing increased prescribing frequency. For patient-related tasks
such as ordering preimmunosuppression laboratory testing and
checking vaccination status, more than 75% of participants indi-
cated that they now perform these activities more frequently than
before. The most common neutral responses (“about the same”)
were for diagnosing extra-articular manifestations of RA and initi-
ating biologic DMARDs, suggesting that confidence in these
areas may remain more limited.

Table 1. Demographics of provider participants in the RA ECHO
curriculum for the Navajo Nation (N = 46)*

Characteristic
Provider

participants, n (%)

Sex
Female 33 (71.7)
Male 11 (23.9)
Other/prefer not to say 2 (4.3)

Race
American Indian or Alaska Native 3 (6.5)
Asian 9 (19.6)
Black or African American 2 (4.3)
Native Hawaiian or other Pacific Islander 0 (0)
White 28 (60.9)
Other/multiracial 2 (4.3)
Prefer not to say 2 (4.3)

Ethnicity
Hispanic or Latino 4 (8.7)
Not Hispanic or Latino 40 (87.0)
Prefer not to say 2 (4.3)

Age, y
<30 0 (0.0)
30–39 17 (37.0)
40–49 16 (34.8)
50–59 10 (21.7)
≥60 3 (6.5)

Profession
Physician (MD/DO) 33 (71.7)
Nurse practitioner (NP) 9 (19.6)
Physician associate (PA) 2 (4.3)
Other 2 (4.3)

Primary specialty
Family medicine 24 (52.2)
Internal medicine 17 (37.0)
Orthopedic surgery 2 (4.3)
Optometry 2 (4.3)
Pediatrics 1 (2.2)

Time in practice, y
<2 7 (15.2)
2–4 7 (15.2)
5–9 14 (30.4)
10–14 8 (17.4)
15–19 1 (2.2)
≥20 9 (19.6)

Indian Health Service employed
Yes 42 (91.3)
No 4 (8.7)

Prior participation in another ECHO program
Yes 25 (54.3)
No 21 (45.7)

* ECHO, Extension for Community Healthcare Outcomes; RA, rheu-
matoid arthritis.
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DISCUSSION

The RA ECHO curriculum for the Navajo Nation demon-
strated high feasibility, strong engagement, and sustained
improvements in PCPs’ knowledge, confidence, and self-
reported clinical behaviors in diagnosing and treating RA. These

results highlight the potential of PCP education interventions as
an effective strategy to address the rheumatology workforce
shortage in underserved communities. In response to the rheu-
matology workforce crisis, rheumatologists have an opportunity
to seek out new ways to support our primary care colleagues.
PCPs are the first, and sometimes only, point of care for patients

Figure 1. Changes in PCPs’ RA knowledge and confidence before and after participating in the RA Extension for Community Healthcare
Outcomes curriculum for the Navajo Nation. PCP, primary care provider; RA, rheumatoid arthritis. Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80044/abstract.

Figure 2. Primary care providers’ self-reported clinical behavior changes, reported one year after completing the RA ECHO curriculum for the
Navajo Nation. DMARD, disease-modifying antirheumatic drug; ECHO, Extension for Community Healthcare Outcomes; RA, rheumatoid arthritis.
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living with rheumatologic diseases. Equipping PCPs with skills to
more accurately diagnose and appropriately manage first-line
treatment for common rheumatologic conditions has the potential
to reduce delays to care, improve patient outcomes and safety,
and optimize the use of limited rheumatology resources. The RA
ECHO curriculum for the Navajo Nation is an important practical
demonstration of an effective and feasible PCP education
strategy.

Our program builds upon the ECHO model, an evidence-
based, cost-effective, and scalable approach to training PCPs
in specialty topics, which has been underused in rheumatology
compared to other specialties. Our initiative represents a novel
and targeted application of the ECHO model in rheumatology
education for clinicians in the Navajo Area, with a specific focus
on a single, high-prevalence disease. By concentrating on RA
and integrating regionally relevant content, the program
achieved depth and relevance that promoted sustained
changes in knowledge, confidence, and self-reported clinical
practice.

Several key features contributed to the program’s success.
First, the curriculum was informed by a comprehensive needs
assessment,2 ensuring that content was closely aligned with the
clinical realities and learning priorities of participating clinicians.
Second, the program deliberately integrated community-
informed and culturally grounded adaptations into the curriculum
design rather than treating cultural relevance as merely an adjunct
to content delivery. By aligning instructional strategies with
Navajo-specific cultural, linguistic, logistical, and structural factors
(Supplementary Table S1), the curriculum achieved relevance and
feasibility for clinicians practicing in this resource-constrained set-
ting. We believe this approach enhances engagement, trust, and
sustainability and offers a replicable framework for adapting rheu-
matology education to other underserved communities. Third, the
interactive, case-based structure of the 12-week course fostered
active and sustained participation and helped build a sense of
professional community among participants. Finally, we
expanded the curriculum beyond the traditional ECHO model by
creating an online library of enduring RA educational resources
that PCPs can access asynchronously and share with patients
and colleagues, thus promoting sustainable impact.

Although our data focus on PCP outcomes, the ultimate goal
of this program is to improve the lives of Diné patients living with
RA. It is promising that in addition to improvements in PCPs’
knowledge and confidence, participants reported meaningful
changes in clinical behavior, including performing more thorough
joint examinations, increased use of RA disease activity mea-
sures, and patient safety considerations such as preimmunosup-
pression laboratory tests and immunizations. Although these
behaviors were not objectively measured in this study, they sug-
gest a potential downstream impact of targeted PCP education
on RA care quality and represent an important area for future
research.

This study has several limitations. Generalizability beyond the
Navajo Nation requires further research. Participants who enrolled
in the RA ECHO curriculum for the Navajo Nation may have a
greater baseline interest in or knowledge of rheumatology than
the broader PCP population, introducing potential selection bias.
Additionally, outcomes relied primarily on self-reported measures
and knowledge assessments without direct observation of clinical
practice or patient-level data. This design was intentional and
guided by our Navajo community collaborators. In alignment with
their recommendations, we did not access protected patient
health information during this early phase of the program,
acknowledging the long history of exploitation in Native American
communities. Building strong and lasting trust was identified as a
critical prerequisite before pursuing patient-level data collection or
evaluation.

Despite these limitations, the RA ECHO program demon-
strates a scalable, culturally grounded approach for expanding
rheumatologic expertise in primary care. Following the completion
of the initial three cohorts in the Navajo Nation, we partnered with
the Indian Country ECHO initiative to extend the RA ECHO curric-
ulum to providers serving Native American communities nation-
wide. To facilitate dissemination and broader impact, our
curricular materials (including didactic PowerPoint slides, stan-
dardized case presentation forms, instructional videos, and
accompanying resources) are currently available upon request,
and we are actively developing a website that will provide free
access to all materials. By making these resources openly avail-
able, we aim to support adaptation of this curriculum by other
communities facing similar rheumatology workforce shortages
while allowing local stakeholders to tailor content to their cultural,
clinical, and health system contexts. We are also currently devel-
oping additional ECHO courses to address other rheumatologic
conditions and broader audiences, including community health
representatives, highlighting the program’s potential for wide-
spread impact.

Future directions include the formal assessment of patient
outcomes, such as time to diagnosis, DMARD initiation rates, dis-
ease activity scores, and patient-reported outcomes. This will be
conducted in close partnership with local participants to ensure
the highest respect for Native patients’ health data. Additional
strategies, such as incorporating hands-on workshops to teach
physical examination and injection techniques, may further
enhance the program’s impact.

In summary, the RA ECHO program improved PCPs’
knowledge, confidence, and self-reported practice behaviors
in a population with high unmet rheumatology needs. By com-
bining specialist expertise with culturally grounded,
community-informed design, this model demonstrates feasibil-
ity, acceptability, and potential for scalability. With careful,
community-centered expansion and formal evaluation of
patient-level outcomes, rheumatology-focused ECHO pro-
grams could become a cornerstone strategy to address
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rheumatology workforce shortages and reduce health dispar-
ities in underserved regions.
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Treatment Sequencing and Line of Therapy for Biologics and
JAK Inhibitors in Patients With Rheumatoid Arthritis:
Implications for Design and Uptake of New Drugs and
Predictive Biomarker Diagnostics

Jeffrey R. Curtis, MD, MS, MPH,1,2 Shanette Daigle, MPH,2 Emily E. Holladay, MPH,1 Yujie Su, MS,2

Michael George, MD, MSCE,3 Gordon Lam, MD,4 Robert Levin, MD,5,6 Priya Reddy, MD,7 Fenglong Xie, PhD,2

and Amy S. Mudano, MPH2

Objective. The opportunity for new biomarker-based tests to predict treatment response and the appropriate use
of emerging rheumatoid arthritis (RA) therapies may depend on patients’ treatment history. We examined RA treatment
sequences and biologic/JAK inhibitor (JAKi) initiation overall and by line of therapy (LoT) to estimate the size of the eli-
gible RA patient population in the United States for a new predictive treatment response test using a population-based
RA inception cohort.

Methods. We used an augmented health plan claims database to create an inception cohort of patients with RA
and estimated the rate of advanced treatment (biologic or JAKi) addition or switch. Results were stratified by advanced
treatment–naïve versus treatment-experienced status and also described specific RA treatment sequences and com-
binations over time.

Results. Among 37,656 patients with RA, 59,557 new RA treatment initiations were identified. Most patients
(85.2%) initiated biologics; the remainder initiated JAKi. Of these, 40.2% used biologics/JAKi as monotherapy. The
overall biologic/JAKi addition/switch rate was 25.7 per 100 patient-years (py) (22.7/100 py in biologic-naïve patients
and >30/100 py in treatment-experienced patients). Rates varied substantially between prescribers, with an observed
add/switch rate in the practices of prescribers in the highest decile (53.8/100 py) more than four-fold greater than rates
in the practice of prescribers in the lowest decile (12.1/100 py).

Conclusion. These findings highlight the size and characteristics of the eligible RA population in the United States
initiating a new RA biologic or JAKi treatment each year, thus providing valuable insights for stakeholders developing or
marketing new RA therapies or biomarker-based diagnostic tests to predict future treatment response.

INTRODUCTION

Patients with rheumatoid arthritis (RA) have an increasing

array of treatment options available. After use of conventional syn-

thetic disease-modifying antirheumatic drugs (csDMARDs) such

as methotrexate (MTX), the medications available to patients with

RA include biologic DMARDs (bDMARDs) such as tumor necrosis

factor inhibitors (TNFi), other cytokine inhibitors (eg, interleukin-6

receptor [IL-6R], IL-1R), B cell–depleting therapies, and T cell

modulators, as well as JAK inhibitors (JAKi), which are in the class

of targeted synthetic DMARDs (tsDMARDs). However, the suc-

cess of these medications to achieve treatment goals (ie, remis-

sion or a minimal clinically important difference) in patients with

RA is highly variable and challenging to predict. Given the
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uncertainty about the best RA treatment for individual patients, a

trial-and-error method is frequently used to select treatment.
Unfortunately, failure to achieve RA treatment goals not only

diminishes patients’ quality of life due to the disease itself but may
also worsen disease-related comorbidities, lead to irreversible
radiographic damage, result in adverse events associated with
ineffective medications, and be costly.1–3 Moreover, as patients
with RA try an increasing number of advanced therapies that fail,
treatment response typically falls. For example, the American Col-
lege of Rheumatology 20% response criteria (ACR20), ACR50,
and ACR70 response rates in patients who are biologic naïve are
approximately 60%, 40%, and 20%, respectively, whereas in
patients with treatment failure of one TNFi, the corresponding treat-
ment response rates are closer to 50%, 30%, and 15%, respec-
tively.4,5 Treatment failure may undermine the patient–provider
relationship, discourage patients, lead to poor persistence and
compliance, and result in future reticence to switch therapies,6,7

leading to undercontrolled inflammation. Continued disease activity
leads to excess mortality, cost, and burden on health care ser-
vices.8 For these reasons, maximizing the response to patients’ ini-
tial and subsequent RA treatments is critical.

New blood-based diagnostic tests to predict treatment
response are commercially available or are in development. How-
ever, the performance of these biomarker tests may vary based on
patients’ treatment history. These tests may be specific to individual

drugs or mechanisms of action (MOA) and may perform differently
in those who are biologic naïve compared to those who are biologic
experienced, particularly in those who have multiple prior treatment
failures with difficult-to-treat RA.9 Identifying the most common
treatment sequences used in early RA and examining the rate of
switching may be helpful in guiding the development and optimiza-
tion of biomarker-based response prediction tests and understand-
ing the frequency such tests might be used in clinical practice.

Using national augmented health plan claims data applied to
an inception cohort of patients with RA, our objectives were
to (1) describe the sequencing pattern of b/tsDMARDs, by spe-
cific medications and by line of therapy (ie, the lifetime number of
distinct biologics and JAKi that a patient previously received),
overall and between providers and (2) examine the rate of RA
medication initiation and treatment switching.10 The rationale
underpinning these objectives was to quantify the opportunity
for a predictive biomarker test to inform treatment response and
estimate the volume of tests that might be used by patients with
RA in the United States. Additionally, assuming that not all classes
of RA medications would be predicted in the first generation of
such a test, the most common sequences of RA treatments
would inform which drug classes should be prioritized. The focus
of our analysis was on b/tsDMARDs given that biomarker-based
tests to predict future effectiveness of csDMARDs were consid-
ered unlikely to be cost-effective and that MTX would remain the
first-line therapy used by the vast majority of patients with RA.

METHODS

Data source and study period. We used the Komodo
HealthcareMap data set, a data schema designed for real-world evi-
dence studies, from January 2016 to March 2024, to create an
inception cohort of patients with RA. Komodo’s Healthcare Map is
composed of event-based, patient-level health care data from 60+
sources. These sources can be grouped into provider-derived
(including pharmacy-derived) and payer-derived sources. Together,
they comprise health care encounters for over 330 million medically
insured patients, including those on Medicare, Medicaid, or com-
mercial insurance, to provide a longitudinal view of a patient’s jour-
ney. We extracted disease characteristics, treatment history, and
medication filling patterns information and focused on use of
b/tsDMARDs. Komodo contains data about diagnoses (International
Classification of Diseases, Tenth Revision, Clinical Modification [ICD-
10-CM]), medications (identified using both pharmacy claims and
medical claims coded via the Healthcare Common Procedure Cod-
ing System [HCPCS]), and health care resource use.11,12

Newly diagnosed RA study population. Cohort inclu-
sion criteria for the RA cohort required two or more outpatient
ICD-10-CM encounters with a diagnosis of RA from rheumatol-
ogy providers occurring ≥30 days apart and within 365 days in
patients ≥18 years of age. A diagnosis of RA was defined by

SIGNIFICANCE & INNOVATION
• Improving personalized therapy through develop-

ment of biomarkers to predict treatment response
to rheumatoid arthritis (RA) therapies is of major
interest, but the value of such biomarkers depends
on the frequency of treatment switching, and per-
formancemay be impacted by a patient’s treatment
history. Using population-based data from 2016 to
2024, we assembled an inception cohort of patients
with RA with new-onset disease to assess the rates
of RA treatment switching overall, by line of therapy
(LoT), and between provider practices.

• We observed that the rate of RA treatment switch-
ing (25.7/100 person-years [py] overall) was lowest
in biologic-naïve patients (22.8/100 py) and
increased (>30/100 py) as patients with RA tried
additional LoTs that failed. There was dramatic var-
iability between prescribers of RA medications in
the rate at which they switched their patients’ RA
medications.

• Cycling from one tumor necrosis factor inhibitor
(TNFi) to another, as well as cycling from one JAK
inhibitor (JAKi) to another, was relatively common.
JAKi and abatacept were the most common thera-
pies used after TNFi and thus may be the most fruit-
ful opportunities for predictive biomarkers. As
anticipated, given recently recognized safety con-
cerns, JAKi use decreased appreciably after 2020.
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ICD-10 codes M05.x and M06.x (ignoring M06.1 and M06.4).
Continuous medical and pharmacy coverage was required for
≥12 months preceding the first RA diagnosis code (baseline) and
through the second RA diagnosis code. Using information in the
12-month baseline period and all available prior data, patients
with RA with any prior diagnoses of psoriatic arthritis, ankylosing
spondylitis, axial spondyloarthritis, reactive arthritis, inflammatory
bowel disease, polymyalgia rheumatica, hidradenitis suppurativa,
or malignancy (excluding non–melanoma skin cancer) were
excluded to avoid confounding related to other diseases that
might influence treatment switching. Patients with any prior bio-
logic or JAKi use before or during the 12-month baseline period
were also excluded to assemble an inception cohort of patients
with new-onset RA. Prior csDMARD use was allowed given the
nonspecific nature of some RA therapies (eg, hydroxychloroquine
for patients with undifferentiated arthritis later diagnosed with RA;
use of MTX in other inflammatory arthritis such as psoriatic arthri-
tis). Given that the accuracy of identifying RA in large health plan
data sources is greatly enhanced when coupled with prescrip-
tions for DMARDs,13 patients in the RA cohort were required to
use at least one cs/b/tsDMARD between the first RA diagnosis
date and the end of the observation period (March 31, 2024).

RA medication exposure, time, and rate of
switching. The treatment sequence of RA medications was
examined both by MOA and individual drugs, identifying the
sequence of therapy use. This approach informed the frequency
of “TNFi cycling” (ie, switching from one TNFi medication to
another) and JAKi cycling. The time to switch from one biologic/
JAKi to the next was estimated using Kaplan–Meier (KM) curves,
overall and stratified by LoT. Patients were censored if they lost
coverage or if the data contained more than one biologic or JAKi
initiated on the same day. To complement the KM results, the rate
of adding or switching to a new biologic/JAKi (hereafter described
as the “switch rate”) was estimated per 100 patient-years (py),
stratified by LoT and separately by prescribing provider. Subcuta-
neous and intravenous biologic and JAKi use was identified using
various coding systems, including the HCPCS, national drug
codes, and generic/brand name. Biosimilar medications were
treated as equivalent to their corresponding reference (bio-origi-
nator) products for the purposes of analysis. Comedications com-
monly given to patients with RA (eg, glucocorticoids, nonsteroidal
anti-inflammatory drugs, opioids) were identified in a similar
manner.

Prescriber clustering. The individual prescribing provider
was examined as a potential factor influencing the rate of RA
treatment switching. Prescribers were identified using National
Provider Identification numbers identified for each index RA
b/tsDMARDs claim. Patients were assigned to the prescribing
provider (available in the raw data) at the time of each RA medica-
tion initiation, regardless of whether that provider continued to

refill the medication. In the subgroup analysis that reported treat-
ment switch rates by provider, we required providers to have
≥10 eligible patients with RA in the data set to provide stable
estimates.14

Statistical analysis. Descriptive statistics were used to
summarize patient characteristics, both at the time of initial
bDMARD and JAKi initiation and at the time of each subsequent
switch. Age and all other covariates were recomputed at each
switch date. Time to switch by LoT was compared using the Wil-
coxon rank sum test. The 95% confidence intervals [CIs] compar-
ing LoT reported from Cox proportional hazards models
accounted for the clustering of treatment episodes within patients
(using a robust sandwich estimator) and also adjusted for age and
sex. Sankey plots were used to describe the sequence of treat-
ments by LoT and between specific RAmedications. We also cre-
ated Sankey plots among the subgroup of patients with three or
more years of follow-up. A violin plot was used to show the distri-
bution of the switch rates across each prescriber’s practice.

Analyses were conducted using SAS 9.4 (SAS Institute, Inc)
and R version 4.3. This study was reviewed and approved by
central institutional review boards (Advarra Pro00062070 and
Pro00070131).

RESULTS

Cohort characteristics. After applying inclusion and
exclusion criteria (Supplemental Table 1) to the health plan data,
we identified 110,528 patients with RA who initiated cs/b/
tsDMARDs. After restricting to those who initiated one or more
b/tsDMARDs during the study period (34.8%), the sample size
was 37,656 unique patients with RA initiating 59,557 unique
b/tsDMARDs. As shown in Table 1, the cohort was a median
age of 54.3 (interquartile range [IQR] 45.1–51.4) years, and 73%
were women. Of those with known race and ethnicity (71.5% of
total), 68.5% were White, 11.3% were Black, and 13.7% were
Hispanic. The median disease duration at the time of first
b/tsDMARDs initiation was 0.5 (IQR 0.2–1.2) years, and patients’
previous duration of health plan enrollment was 3.5 (IQR 2.3–3.9)
years.

Biologics (90.8%), rather than JAKi (9.2%), were the most
common first-line advanced RA treatment initiated (90.8%).
Most patients (88.9%) had evidence of prior csDMARD use, the
majority of which was MTX. Patient characteristics and treat-
ments of patients initiating a first b/tsDMARD (Table 1) were gen-
erally similar to that of those initiating a subsequent b/tsDMARD,
except that non-TNFi biologics and JAKi were increasingly pre-
scribed as patients advanced to later LoTs. The proportion using
monotherapy (no concomitant csDMARD use) increased from
36.4% (first-line advanced therapy) to almost 50% once patients
were on their third or subsequent b/tsDMARD. Use of JAKi
peaked in 2019 to 2020 (18.3% of all b/tsDMARD initiations), after
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Table 1. Characteristics of patients with RA measured at initiation of the first and each subsequent b/tsDMARD*

First initiation of
b/tsDMARDs

Second and subsequent
b/tsDMARD initiations

All initiations of
b/tsDMARDs

n 37,656 21,901 59,557
Age, y 54.3 (45.1, 61.4) 54.0 (45.4, 60.4) 54.3 (45.3, 61.1)
≥65 y 5,121 (13.6) 2,235 (10.2) 7,461 (12.5)

Female 27,499 (73.0) 16,812 (76.8) 44,311 (74.4)
Race and ethnicitya

White 18,440 (68.5) 11,172 (71.8) 29,612 (69.7)
Black 3,030 (11.2) 1,528 (9.8) 4,558 (10.7)
Hispanic 3,685 (13.7) 1,911 (12.3) 5,596 (13.2)
Other (eg, Asian, Pacific Islander) 1,767 (6.6) 954 (6.1) 2,721 (6.4)

Insuranceb

Commercial 29,563 (79.0) 18,015 (82.3) 47,578 (80.4)
Medicare 4,856 (13.0) 2,085 (9.6) 6,907 (11.7)
Medicaid 2,985 (8.0) 1,782 (8.1) 4,702 (7.9)

Disease duration, y 0.5 (0.2, 1.2) 1.4 (0.8, 2.5) 0.9 (0.4, 1.9)
Health plan enrollment before first RA diagnosis, y 2.5 (1.6.3.9) 2.3 (1.5, 3.5) 2.4 (1.5, 3.8)
Health plan enrollment before b/tsDMARD initiation, y 3.5 (2.3, 5.1) 4.3 (3.1, 5.7) 3.9 (2.6, 5.5)
Health plan enrollment after b/tsDMARD initiation, y 1.9 (0.9, 3.4) 1.9 (0.9, 3.2) 1.8 (0.8, 3.2)
Calendar year of initiation
2017 2,434 (6.5) 334 (1.5) 2,768 (4.6)
2018 4,416 (11.7) 1,547 (7.1) 5,963 (10.0)
2019 5,632 (15.0) 2,685 (12.3) 8,317 (14.0)
2020 5,451 (14.5) 3,353 (15.3) 8,804 (14.8)
2021 6,182 (16.4) 3,863 (17.6) 10,045 (16.9)
2022 6,308 (16.8) 4,278 (19.5) 10,586 (17.8)
2023 6,180 (16.4) 4,823 (22.0) 11,003 (18.5)
2024 1,053 (2.8) 1,018 (4.6) 2,071 (3.5)

Line of therapyc

1 37,656 (100) – 37,656 (63.2)
As monotherapy 13,689 (36.4) – 13,689 (36.4)

2 – 13,316 (60.8) 13,316 (22.4)
As monotherapy – 6,058 (45.5) 6,058 (45.5)

3 – 5,267 (24.0) 5,267 (8.8)
As monotherapy – 2,533 (48.1) 2,533 (48.1)

4 – 2,064 (9.4) 2,064 (3.5)
As monotherapy – 1,027 (49.8) 1,027 (49.8)

5 – 798 (3.6) 798 (1.3)
As monotherapy – 389 (48.7) 389 (48.7)

6+ – 456 (2.1) 456 (0.8)
As monotherapy – 218 (47.8) 218 (47.8)

RA therapy initiated
bDMARDs 34,183 (90.8) 16,535 (75.5) 50,718 (85.2)
Abatacept 1,458 (3.9) 3,046 (13.9) 4,504 (7.6)
Anakinra 31 (0.1) 53 (0.2) 84 (0.1)
Rituximab 802 (2.1) 486 (2.2) 1,288 (2.2)
Sarilumab 72 (0.2) 605 (2.8) 677 (1.1)
Tocilizumab 565 (1.5) 1,826 (8.3) 2,391 (4.0)
Adalimumab 17,009 (45.2) 3,329 (15.2) 20,338 (34.1)
Certolizumab pegol 1,645 (4.4) 941 (4.3) 2,586 (4.3)
Etanercept 9,361 (24.9) 3,781 (17.3) 13,142 (22.1)
Golimumab 2,007 (5.3) 1,386 (6.3) 3,393 (5.7)
Infliximab 1,233 (3.3) 1,082 (4.9) 2,315 (3.9)

tsDMARDs (JAKi) 3,473 (9.2) 5,366 (24.5) 8,839 (14.8)
Baricitinib 62 (0.2) 175 (0.8) 237 (0.4)
Tofacitinib 2,013 (5.3) 2,371 (10.8) 4,384 (7.4)
Upadacitinib 1,398 (3.7) 2,820 (12.9) 4,218 (7.1)

tsDMARDs (by calendar year)d

2017–2018 478 (7.0) 325 (17.3) 803 (9.2)
2019–2020 1,441 (13.0) 1,694 (28.1) 3,135 (18.3)
2021–2022 1,184 (9.5) 1,923 (23.6) 3,107 (15.1)
2023–2024 370 (5.1) 1,424 (24.4) 1,794 (13.7)

(Continued)
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which it began to decline (eg, 13.7% of all initiations in
2023–2024).

Treatment sequencing patterns. Figure 1 describes the
pattern of treatment switching between RA medication groups.
Not only was TNFi the most common first-line therapy (83.1%),
but also it was the most common second-line therapy (48.0%),
as many patients switched from a first to a second TNFi (ie, TNFi
cycling). The next most common second-line therapy was JAKi,
followed by abatacept. The details of specific medication switch-
ing are shown in Figure 2. Adalimumab and etanercept remained
the dominant TNFi used as both first- and second-line advanced
therapies. Abatacept was consistently used by a minority of
patients with RA at each LoT. Among the lesser-used IL-6 treat-
ments, tocilizumab was used more frequently as an earlier LoT,
and sarilumab was used later. B cell–depleting therapies were
infrequently used. Results from the subgroup analysis restricting
patients with three or more years of follow-up (n = 11,332)
revealed similar patterns (Supplemental Figure 1a and b). Among
the JAKi, use for all three JAKi peaked in 2020, with a subsequent
precipitous drop in tofacitinib use (Figure 3, orange line), whereas
upadacitinib use dipped briefly in 2022 but then rebounded and
then remained relatively flat (green line). Baricitinib use remained
low and flat across all years.

Time to switch and switch rate. Time to switch from one
b/tsDMARD to another is shown in Figure 4A. The overall switch-
free survival at one year was 70.1% and differed according to
LoT. The switch-free survival curve was steeper earlier during
treatment, and the overall median time to switch was 38.2 (95%
CI 36.9–39.5) months. The corresponding rate of switching was
25.7/100 py overall and was lower in b/tsDMARD-naïve patients
(22.8/100 py) compared to those with one, two, or three or more
prior b/tsDMARDs (switch rate: 31.5, 32.6, and 34.8/100 py,
respectively). After accounting for the clustering of treatment epi-
sodes within patients and adjusting for age and sex, the time to

switch was approximately 1.4 to 1.5 times shorter in patients
who had previously received one or more b/tsDMARDs
(Figure 4B, green, blue, and purple curves) compared to patients
who were b/tsDMARD-naïve (red curve; P < 0.001 for each), with
no other pairwise comparisons significant.

Variability in switch rate by rheumatology provider.
Based on results in the subgroup analysis of prescribers with at
least 10 patients with RA (n = 1,726 providers and n = 36,406 ini-
tiations, 96.7% of all treatment initiations in the main analysis), the
violin plot in Figure 5 shows substantial variability between pro-
viders in the rate of switching. As shown in the upper portion of
the curve, the providers with the greatest likelihood of starting or
switching b/tsDMARDs did so at a rate of approximately
100/100 py (ie, on average, every patient with RA in their practice
switched once per year). This rate was approximately three- to
five-fold greater than the switch rate of the much larger number
of providers in the lower portion of the plot (20–30/100 py). Switch
rates for providers in the highest versus lowest decile were
12.1/100 py and 53.8/100 py, respectively.

DISCUSSION

In this analysis of a contemporary inception cohort of
patients with RA with new-onset disease, we found that the rate
of treatment switching of biologics and JAKi varied appreciably
according to LoT. Biologic- and JAKi-naïve patients were less
likely to switch than those with previous treatment failure of one
or more b/tsDMARDs. We also observed substantial variability
between providers in the rate of switching, with a more than
four-fold difference in the advanced therapy rate of switching for
RA patients of rheumatology providers in the lowest versus high-
est deciles. We also observed that despite literature and a condi-
tional recommendation from the ACR suggesting that after failure
of one TNFi, switching MOA is likely advisable,15 TNFi cycling
remains common, even contemporarily. Several explanations

Table 1. (Cont’d)

First initiation of
b/tsDMARDs

Second and subsequent
b/tsDMARD initiations

All initiations of
b/tsDMARDs

Prior csDMARDse 54,046 (90.7) 20,580 (94.0) 33,466 (88.9)
Methotrexate 45,331 (76.1) 17,579 (80.3) 27,752 (73.7)
Hydroxychloroquine 24,026 (40.3) 10,090 (46.1) 13,936 (37.0)
Sulfasalazine 9,434 (15.8) 4,255 (19.4) 5,179 (13.8)
Leflunomide 12,086 (20.3) 6,086 (27.8) 6,000 (15.9)

Opioidsf 10,463 (27.8) 6,639 (30.3) 17,102 (28.7)
Oral glucocorticoidsf 25,654 (68.1) 14,467 (66.1) 40,121 (67.4)

* Data shown are n (%) or median (25th, 75th percentiles) unless specified. bDMARD, biologic disease-modifying antirheumatic drug;
csDMARD, conventional synthetic DMARD; tsDMARD, targeted synthetic DMARD (ie, JAKi); JAKi, JAK inhibitor; RA, rheumatoid arthritis.
a Among the 72% with available race and ethnicity.
b Among the 99% with available insurance group.
c Monotherapy is defined as no csDMARD prescription on the day of b/tsDMARD initiation or in the subsequent 90 days.
d Denominator is the total number of initiations during each time period.
e Using all available prior data.
f In the six months before initiation.
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may underlie this observation, including requirements from phar-
macy formularies or an initial good response to a first TNFi with
drug-specific side effects. We also found JAKi cycling was com-
mon. However, use of JAKi fell after 2020, likely affected by new
safety results from the Oral Surveillance trial (disclosed in 2021,
published in 2022)16,17 and the associated change in JAKi label-
ing. The frequency of advanced RA treatment changes likely is
partly influenced by the lack of a diagnostic test that can predict
response to specific RA medications or even MOA, leaving pro-
viders and patients to select their initial and subsequent RA ther-
apy empirically, with the goal of finding the most optimal RA
medication for each patient using trial and error, leading to
repeated switching over time.

Assuming that there was an accurate and predictive bio-
marker test that could guide RA treatment selection for biologics
and JAKi,18,19 the number of biomarker tests to predict treatment
response that would be required to manage a population of
patients with RA can be estimated. Based on the observed RA
treatment switching rate of 25.7/100 py applied to an inception
cohort of biologic/JAKi users like the one we assembled, if
patients were tested each time they initiated a new RA treatment,
a total of 257 RA tests per 1,000 patients with RA would be
ordered annually. In a more established RA cohort with prevalent
disease, the rate of treatment switching is greater, and thus the
corresponding number of annual tests ordered would be some-
what higher. These estimates invoke the assumption that the

Figure 1. Treatment switching among biologics and JAKi by mechanism of action for lines of therapy 1 to 4 (n = 37,656 unique patients with
rheumatoid arthritis). IL-6, interleukin-6; JAKi, JAK inhibitor; TNFi, tumor necrosis factor.
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biomarker test results change over time and that patients should
be retested at the time of each new treatment switch. At the other
extreme, and invoking the maximally conservative assumption

that patients with RA only ever need to be assayed once by a
diagnostic test that can predict the efficacy of all RA treatments
over a patient’s lifetime, then the number of tests ordered reflects

Figure 2. Treatment switching among biologics and JAK inhibitors for specific rheumatoid arthritis medications for lines of therapy 1 to
4 (n = 37,656 patients).

Figure 3. Trends in JAK inhibitor use over calendar time among newly diagnosed patients with rheumatoid arthritis. Data from 2024 reflect only
the first three months.

TREATMENT SEQUENCING FOR ADVANCED RA THERAPIES 1393



Figure 4. (A) Time to switch to a new biologic/targeted synthetic disease-modifying antirheumatic drug among patients with new-onset rheuma-
toid arthritis (n = 37,656), (B) stratified by line of therapy. Dotted lines denote the 50th percentile (median) for time to switch to a new biologic/JAK
inhibitor. The P value for comparison of biologic-naïve patients to patients with exactly one, two, or three or more prior therapies was significant
(adjusted P < 0.0001), but no other comparisons between line of therapy were significant. The analysis was also adjusted for age, sex, and clus-
tering of treatment episodes within patients.

Figure 5. Variability in the rate of biologic and JAK inhibitor treatment switches, by prescriber (n = 1,726 prescribers with at least 10 patients with
rheumatoid arthritis represented in the analysis; n = 36,406 initiations). Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.80025/abstract.
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the total number of patients with prevalent RA in the
United States. In the United States, there are approximately 1.39
million patients with RA (using an estimated prevalence of
0.54%)20 plus the annual incidence of newly diagnosed RA
(approximately 13 new RA cases per 100,000 individuals,19

which, given the US population size of 340 million people, yields
between 4,000 and 5,000 newly diagnosed patients with RA
per year). As another consideration, it might be reasonable to
consider testing only patients who have an inadequate response
to MTX (about 70% of all patients with RA), although predictive
biomarker testing for MTX response might be envisioned if it
could be made sufficiently cost-effective. In terms of which RA
medications might be most useful to predict response/
nonresponse based on their frequency of use, TNFi, JAKi, and
abatacept would seem to reflect the greatest opportunities
given that these are the more commonly used RA treatments in
newly diagnosed patients.21 However, their prevalence of use
must be balanced against the accuracy of prediction for lesser-
used RA treatments.

Strengths of our study include a large contemporary cohort
with data current through 2024 and application of rigorous
methods to create an inception cohort of patients with RA with
new-onset disease. Although we recognize the potential for mis-
classification of new-onset RA, there was a median of 2.5 years
of claims data before the first RA diagnosis, increasing the cer-
tainty of identifying patients with new-onset RA.22 Additionally,
we included patients with a diversity of health plans and insurance
types, including commercial and government insurance, increas-
ing the generalizability of our results.

Nevertheless, our results must be contextualized considering
our study design. We recognize the potential for misclassification
of LoT in the electronic health record (EHR) and claims data. How-
ever, we conducted a separately reported validation study (manu-
script under review) in the Excellence Network in Rheumatology
to Innovate Care and High-Impact Research (ENRICH) practice-
based network in which patients had claims data linked to EHR
data and patients’ self-reported lifetime use of RA therapies was
collected on an in-office tablet app.23 This validation study
showed excellent agreement between claims and EHR data and
self-reported data as to LoT (crude agreement 84.5%). As
another consideration that may impact our results, we only had
a median of 1.9 years of follow-up after the first b/tsDMARDs dur-
ing which to ascertain rates of subsequent treatment switching
and LoT, and there were relatively few switches with LoT ≥5
(n = 1,245, 2.1% of total).24 This led us to combine LoT 3 and
above and report the switch rate in this combined group; the
switch rate for people with failure of more RA treatments may be
even higher than 35/100 py. Finally, we examined RA treatment
addition and switching irrespective of the reason for changing
therapies. However, we do not expect the reason for changing
treatments to impact the potential utility of a predictive biomarker
to inform which advanced therapy might next be optimal.

In conclusion, results from this analysis of LoT, switching
rates of biologics and JAKi, and treatments patterns in this
population-based inception cohort of patients with RA are likely
to be useful to a diverse audience of payers, policymakers, and
developers of diagnostics and pharmaceuticals. Our findings pro-
vide a contemporary look at the sequence of treatments used in
patients with RA and may help guide development of new thera-
pies and diagnostic biomarkers to predict treatment response.
More specifically, these results may help estimate the market
opportunity for new RA treatments and diagnostic tests to predict
therapy response. They may also inform the potential impact on
coverage policies for payers by estimating the size of the potential
RA population and the potential health care use and financial
impact of such diagnostic test coverage.
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Minimal Important Change and Minimal Clinically Important
Difference in Pain and Function With Exercise
in Hip Osteoarthritis

Yareni Guerrero, PhD,1,2 Fiona Dobson, PhD,3 Venkatesha Venkatesha, PhD,1,4 Kim Allison, PhD,3,5

Gabrielle Knox, BSc,5 Libby Spiers, BSc,5 Travis Haber, PhD,5 David J. Hunter, PhD,1,6 andMichelle Hall, PhD1,2

Objective. The objective of this study was to estimate the minimal important change (MIC) and minimal clinically
important difference (MCID) for pain and physical function in individuals with hip osteoarthritis (OA) following a
physiotherapist-guided exercise intervention.

Methods. Secondary analysis from a randomized controlled trial of 196 adults with hip OA allocated one of two
nine-month exercise programs. Patient-reported outcomes measures for hip pain severity (Numeric Rating Scale
[NRS], Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC] pain subscale) and physical function
(WOMAC physical function subscale, Patient-Specific Functional Scale [PSFS]) were collected at baseline and three
and nine months. Global ratings of change in pain and physical function at three and nine months served as anchors.

Results. MIC estimates were 2.1 and 2.4 points for NRS pain at three and nine months, respectively; 2.8 and 3.0
points for WOMAC pain at three and nine months, respectively; 8.7 and 8.3 points for WOMAC physical function at
three and nine months, respectively; and −2.1 and −2.0 points for PSFS at three and nine months, respectively. The
MCID estimates were 2.0 and 2.4 points for NRS pain at three and nine months, respectively; 2.8 and 3.0 points for
WOMAC pain at three and nine months, respectively; 9.2 and 8.3 points for WOMAC physical function at three and nine
months, respectively; and −3.5 and −0.7 points for PSFS at three and nine months, respectively.

Conclusion. This study provides robust, context-specific MIC and MCID estimates for outcomes in hip OA follow-
ing exercise. These values can inform the interpretation and design of exercise-based clinical trials for hip OA.

INTRODUCTION

Hip osteoarthritis (OA) is a prevalent and disabling condition

affecting approximately 10% of adults over the age of 60 in high-

income countries.1 Clinical guidelines recommend exercise as a

core treatment to manage hip OA.2 Clinicians and researchers

rely on patient-reported outcome measures to assess treatment

efficacy and guide therapeutic decision-making. However, statis-

tical significance alone does not indicate whether an observed

change is meaningful to patients. Therefore, there is a need for

patient-informed thresholds to aid clinical interpretation.

Interpreting patient-reported outcomes requires under-

standing whether observed changes are meaningful to patients.

The minimal important change (MIC) refers to the smallest

within-person change perceived as important,3 whereas the min-

imal clinically important difference (MCID) represents the smallest

between-group difference considered clinically meaningful.4

Existing MIC and MCID estimates for hip OA are limited and

largely derived from surgical5,6 and pharmacological inter-

ventions,4 in which the magnitude of clinical improvement is

typically greater than that expected from exercise-based inter-

ventions. These thresholds are often higher because patients
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undergoing surgery or receiving pharmacotherapy anticipate and

experience larger symptom improvement compared with behav-

ioral or exercise programs.7,8 Therefore, applying these higher

thresholds to exercise trials may underestimate clinically mean-

ingful benefit. This highlights the need for context-specific esti-

mates for hip OA exercise interventions.
In hip OA, pain is commonly assessed using the Wes-

tern Ontario and McMaster Universities Osteoarthritis Index
(WOMAC)9 pain subscale and the Numeric Rating Scale (NRS).10

Physical function is often evaluated using the Patient-Specific Func-
tional Scale (PSFS)11 and WOMAC9 physical function subscale.
One study has reported MCID values for exercise in knee OA,12

but these are not necessarily generalized to hip OA given differences
between the conditions.13 In hip OA, only two studies have reported
MIC estimates, with 1 point on the NRS and 3.0 to 6.8 points on the
Hip Disability and Osteoarthritis Outcome Score (HOOS) function
subscale in digitally delivered and group-based programs (noting
that the HOOS function subscale is equivalent to theWOMAC phys-
ical function subscale).14,15 Importantly, no prior studies have pro-
vided MIC or MCID estimates derived specifically from
physiotherapist-guided exercise. As a result, hip OA exercise trials
often rely on thresholds developed in nonexercise contexts or other
OA populations, which may not reflect the expected magnitude or
nature of benefit in home-based exercise programs. Given that the
MIC and MCID are sensitive to interventions and comparators and
are context specific,3,16–19 the aim of this study is to estimate MIC
and MCID for pain (NRS and WOMAC pain subscale) and physical
function (WOMAC physical function subscale and PSFS) in people
with hip OA following an exercise program with follow-up at three
and nine months.

PATIENTS AND METHODS

This is a secondary analysis from a superiority, two-group
comparative effectiveness randomized controlled trial in Australia.

The trial protocol20 and primary outcomes21 were previously
reported. Ethics approval was obtained by The University of Mel-
bourne Human Research Ethics Committee (12710). This trial was
registered in the Australian New Zealand Clinical Trial Registry
(ACTRN: 12619001297112) and has been completed.

Participants (n = 196) with symptomatic hip OA were
recruited between October 2019 and September 2022 from the
community across metropolitan Melbourne, Australia. Key eligibil-
ity criteria included clinically diagnosed hip OA,22 NRS pain ≥4 of
10, the ability to safely participate in exercise, and exclusion
of individuals scheduled for or awaiting hip arthroplasty. The inclu-
sion and exclusion criteria are detailed elsewhere.20

Participants were randomized to either a combination of
aerobic physical activity and resistance exercise or resistance
exercise only. Both groups received nine individual online con-
sultations with a physiotherapist over three months and continued
their program independently thereafter. All participants were pre-
scribed a home-based progressive lower limb resistance exercise
program, and the combined exercise group was prescribed
moderate-intensity aerobic physical activity targeting 150 min/
wk. Further details of the exercise programs can be found else-
where.20,21 The patient-reported outcome measures were
obtained at baseline and three and nine months. Hip pain was
assessed via NRS (0–10), in which 0 = no pain and 10 = worst
pain possible,23 and the WOMAC pain subscale (0–20), in which
higher scores indicate more pain.9 Physical function was
assessed via the WOMAC function subscale (0–68), in which
0 = no difficulty and 68 = extreme difficulties.9 For the PSFS,11 at
baseline, participants listed up to five daily living activities for
which performance was limited by hip symptoms and rated these
on a 0 to 10 scale in which 0 = unable to perform and 10 = able to
perform at the same level as before injury or problem. A total
score was calculated as the sum of the ratings for each activity
divided by the number of activities, with higher scores indicating
better function. At three and nine months, participants were
asked about the activities they listed at baseline and provided a
rating on the same scale.

Participant-perceived global ratings of change21 in hip pain
and hip-related physical function were collected at three and nine
months. For hip pain, participants were asked to “select the
option which best represents the overall change in pain of your
hip since you began the study,” and for hip physical function, par-
ticipants were asked to “select the option which best represents
the overall change in physical function of your hip since you began
the study.” Responses for each were scored using a 7-point
Likert scale, where 1 = much worse, 2 = moderately worse,
3 = slightly worse, 4 = no change, 5 = slightly better, 6 = moder-
ately better, and 7 = much better. In line with recommended
anchor-based methods, which specify that the anchor threshold
should reflect a small but important improvement rather than a
trivial fluctuation,24 we classified “moderately better” and “much
better” as “improved” and all other responses as “not improved.”

SIGNIFICANCE & INNOVATIONS
• This study provides the minimal important change

(MIC) and minimal clinically important difference
(MCID) estimates for pain and function outcomes
following physiotherapist-guided exercise in people
clinically diagnosed with hip osteoarthritis (OA).

• This study demonstrates higher and more consis-
tent thresholds than previously reported app-
based/ group-based estimates, following similar
statistical methods to estimate MIC.

• This study highlights the importance of context-
specific MIC/MCID values in patient-reported out-
come measure interpretations and trial design.

• This study supports refinement of sample size cal-
culations and outcome benchmarks in future
exercise-based trials for hip OA.
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We recognize that some participants may have perceived “slightly
better” as important. However, because our anchor did not
explicitly distinguish between trivial and important change, we
chose a conservative threshold to avoid misclassifying minor fluc-
tuations as clinically important change.

Statistical analyses were performed using Stata version 18.0
(StataCorp, LLC). Continuous variables were summarized as
means (SD) or medians (interquartile range), and categorical vari-
ables were summarized as frequencies (percentage). Ceiling
effects were assessed by identifying participants who scored at
the best possible value at baseline. Change scores were calcu-
lated as baseline minus follow-up. For outcomes in which higher
scores indicate worse symptoms (NRS pain, WOMAC pain,
WOMAC physical function), positive change scores represent
improvement, and negative scores represent worsening. For the
PSFS, in which higher scores indicate better function, negative
change scores represent improvement and positive scores repre-
sent worsening. An anchor-based approach based on a predic-
tive model using logistic regression analysis was used for MIC
estimates.3 A dichotomized anchor is the dependent variable,
and the change score is the independent variable. The MIC was
determined as the value of the change score corresponding to a
predicted probability of 0.5 for reporting minimal improvement.
To enhance robustness, bootstrapping with 1,000 replications
was used to derive 95% confidence intervals (CIs) for the MIC
estimate as previously described.25 The MCID compares the
magnitude of change in outcome scores between responders
and nonresponders, as determined by an anchor. It is estimated
as the difference in mean change scores between responder
and nonresponder groups. This approach reflects between-
group minimal meaningful change by contrasting patients who
experienced clinically significant improvement with those
who did not. Complete methodologic estimates can be accessed
in the Supplementary Material.

RESULTS

Of 196 participants, 97 (49%) were allocated to the aerobic
and resistance exercise group and 99 (51%) were allocated to
the resistance-only group. Table 1 presents participant character-
istics. Complete outcome data were available for 186 (95%) par-
ticipants at three months and 174 (89%) participants at nine
months. Of these, 65% (n = 120) and 62% (n = 115) had global
improvement in pain and physical function at three months,
respectively, and 64% (n = 111) and 64% (n = 111) had global
improvement in pain and physical function at nine months,
respectively. The complete change scores of our selected instru-
ments based on the global rating change categories are shown
in Figure 1; the number of participants according to the seven
global rating categories at three and nine months are shown at
Supplementary Table 1. The MIC and MCID for three- and nine-
month estimates are presented in Table 2.

For WOMAC pain, no participants scored 0 of 20, and for
WOMAC physical function, only one participant scored 0 of
68 at baseline. Only two participants scored 0 of 10 on the PSFS.
These negligible proportions indicate that insufficient measure-
ment range was unlikely to constrain improvement or bias MIC
estimates.

DISCUSSION

This study estimates both MIC and MCID for recommended
outcomes in individuals with hip OA following a nine-month
home-based exercise program guided by a physiotherapist dur-
ing the first three months. Exercise is the core recommended
treatment to manage hip OA,2,22 yet interpretation of outcomes
remains largely statistically driven. Our findings provide context-
specific thresholds for interpreting clinically meaningful within-
and between-group change in hip OA following home-based
exercise guided by physiotherapists.

Our MIC estimates for pain on the NRS (2.2 points at three
months and 2.4 points at nine months) and WOMAC pain sub-
scale (2.8 points at three months and 3.0 points at nine months)
are higher than other MIC estimates in people with hip OA using

Table 1. Baseline general characteristics of the participants*

Participants (N = 186)

Age, y 62 (57–66)
Sex
Female 127 (68%)
Male 59 (32%)

Height, m 1.7 (1.6–1.7)
Bodyweight, kg 78.0 (68.9–90.1)
BMI 27.9 (25.1–31.6)
Education level
<3 y of high school 0 (0%)
≥3 y of high school 23 (13%)
Some education beyond high school 87 (47%)
Completed tertiary or higher education 76 (40%)

Hip symptom duration, y 3 (1–5)
Hip affected or most affected
Right 102 (55%)

Bilateral symptoms 111 (60%)
Unilateral symptoms 75 (40%)
Pain severity
NRS (0–10) 5 (4–6)
WOMAC pain (0–20) 8 (5–10)

Physical function
WOMAC physical function (0–68) 22 (14–30)
PSFS (0–10) 3.8 (2.3–5.5)

* Data are presented as n (%) or median (interquartile range). Higher
scores on the NRS (0–10) indicate more pain, higher scores on the
WOMAC pain subscale (0–20) indicate more pain, higher scores on
theWOMAC physical function subscale (0–68) indicate worst physical
function, and higher scores on the PSFS (0–10) indicate better ability
to perform self-selected activities at the same level as before the
hip problem. BMI, body mass index; NRS, Numeric Rating Scale;
PSFS, Patient-Specific Functional Scale; WOMAC, Western Ontario
and McMaster Universities Osteoarthritis Index.
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digitally delivered exercise (1.0 points on NRS pain; 0–10 scale)15

and group-based exercise (1.6 points on WOMAC pain subscale;
0–20 scale).14 Similarly, our MIC estimates for physical function
on the WOMAC physical function subscale (8.3 points at three
months and 8.7 points at nine months) were higher than other
MIC estimates in people with hip OA using digitally delivered exer-
cise (4.6 points on WOMAC physical function subscale; 0–68
scale)15 and group-based exercise (2.0 points on WOMAC phys-
ical function subscale; 0–68 scale).14 These differences may
reflect variation in intervention type and delivery method (individu-
alized online session vs digital app/groups based). Our methodo-
logic approach25 is consistent with previous work and is therefore

unlikely to explain why our estimates are higher. One potential
explanation for higher MIC estimates is the small between-group
treatment effects observed in the parent trial (eg, NRS pain: 0.3
[95% CI −0.3 to 0.8] at three months, 0.0 [95% CI −0.7 to 0.6]
at nine months; WOMAC physical function: −0.9 [95% CI −3.6
to 1.8] at three months, −1.8 [95% CI −4.6 to −0.5] at nine
months). The MIC estimates for PSFS were 2 units at both time
points, within the range of 1.0 to 2.5 reported in musculoskeletal
conditions other than hip OA.26 Overall, these findings provide
the first physiotherapist-guided, home-based, context-specific
MIC estimates for hip OA and reinforce the need for setting-
specific thresholds.

Figure 1. Change scores by GRCS. 1 = much worse, 2 =moderately worse, 3 = slightly worse, 4 = no change, 5 = slightly better, 6 = moderately
better, and 7 = much better. The box includes the first to the third quartile, horizontal line represents the median, circles indicate outliers, and error
bars represent extreme values. GRCS, global rating of change scale; NRS, Numeric Rating Scale; PSFS, Patient-Specific Functional Scale;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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This study extends previous research by providing exercise-
specific MCID estimates for pain and physical function in people
with hip OA. To our knowledge, no prior studies have reported
MCID estimates for hip OA following exercise. Our MCID esti-
mates for NRS pain (2.0 and 2.4 points for three and nine months,
respectively) and WOMAC physical function (8.3 and 9.2 points for
three and nine months, respectively) are notably larger than esti-
mates used to inform sample size calculations in clinical trials,4

including our own21 (eg, 1.8 points in NRS pain and 6 points in
WOMAC physical function). The implications of larger intervention-
specific MCID estimates are that fewer participants are required to
address research questions and reduce costs associated with
larger sample sizes needed to detect meaningful change. Although
replication is needed, these values inform more accurate effect size
estimations for power calculations in future hip OA exercise inter-
ventions. The MCID for PSFS was 3.5 points at three months but
was less stable at nine months (0.7 points). This was likely due to
poor correlation to the anchor (Supplementary Table 2), possibly
shifting patient priorities or difficulty recalling baseline limitations,
bringing into question the PSFS’s utility in this context.

Contemporary methodologic and regulatory guidance rec-
ommends combining anchor-based estimates with complemen-
tary approaches and, where possible, reporting multiple
thresholds rather than a single MCID value. Current best practice
also encourages incorporating patient-centered alternatives such
as the smallest worthwhile effect27 and the patient acceptable
symptom state,28 which offer conceptually distinct insights into
what patients consider meaningful or acceptable. The smallest
worthwhile effect was not feasible in the current study because
the necessary benefit-burden trade-off judgment was not col-
lected. Integrating such approaches in future trials would
strengthen patient-centered interpretation. Importantly, MCID
estimates remain central to clinical trial design, sample size justifi-
cation, and interpretation of treatment effects. As Revicki et al29

articulate, meaningful thresholds should be refined cumulatively
across studies and clinical contexts. Our MCID estimates provide
new evidence in hip OA and exercise and offer an alternative to

inappropriately extrapolating MCID estimates from surgical, phar-
macological, or knee OA studies.

The key strength of this study is its focus on hip OA, which is
often underrepresented in OA research or pooled with knee OA,
and assessment at multiple time points. A further strength is that
the outcomes examined (eg, pain and self-reported physical func-
tion) align with Osteoarthritis Research Society International clini-
cal trial recommendations.30 Limitations should be considered.
First, our eligibility criteria (eg, NRS ≥4 of 10, ability to exercise
safely, exclusion of those awaiting arthroplasty) means our sam-
ple reflects people with hip OA typically receiving conservative
management but may not represent those with very mild or
advanced hip OA. Second, MIC and MCID estimates are inher-
ently context dependent and influenced by population charac-
teristics such as baseline symptoms severity, measurement
properties, and the methodologic approaches used.3,16–19 As
such, our resulting thresholds are specific to this physio-
therapist-guided, home-based exercise program and may not
generalize to digital, group-based, center-based, or other delivery
modalities or patient groups. An important consideration of
our study is the exclusive use of anchor-based methods to
estimate clinically important change. Although widely used,
anchor-base thresholds are influenced by sample characteristics,
baseline symptom severity, and the choice of anchor, which
may restrict their generalizability across settings and patient
groups.25–28 Global rating of change scales are susceptible to
recall bias and current health-state bias, particularly at longer
follow-up, which may inflate or attenuate MIC and MCID esti-
mates. Third, although our predictive modeling approach helps
mitigate bias, the classification of “responders” may still be com-
promised. Dichotomizing global rating of change responses into
“improved” versus “not improved” can oversimplify patient expe-
rience, and the relatively wide CIs for NRS pain at nine months fur-
ther suggest instability in long-term estimates. In addition, the
PSFS demonstrated weak correlation with the anchor at nine
months, indicating limited stability of this measure for long-term
MIC or MCID estimation. Finally, generating a single MIC/MCID

Table 2. MIC and MCID values for pain (NRS and WOMAC pain subscale) and physical function (WOMAC physical
function subscale and PSFS) at 3 and 9 months*

Domain Outcome measure Method

Predictive model scores (95% CI)

At 3 mos At 9 mos

Pain NRS pain MICpred 2.17 (1.64 to 3.61) 2.43 (1.09 to 4.12)
MCID 1.95 (1.41 to 2.50) 2.36 (1.69 to 3.03)

WOMAC pain MICpred 2.82 (1.94 to 4.23) 3.02 (1.86 to 4.59)
MCID 3.16 (2.34 to 3.98) 3.19 (2.20 to 4.18)

Physical function WOMAC physical function MICpred 8.73 (6.53 to 10.92) 8.25 (6.1 to 10.75)
MCID 9.15 (6.05 to 12.25) 8.33 (5.29 to 11.37)

PSFS score MICpred −2.07 (−2.89 to −1.25) −2.04 (−2.94 to −1.14)
MCID −3.49 (−4.25 to −2.73) −0.70 (−1.63 to −0.23)

* CI, confidence interval; MCID, minimal clinically important difference; MICpred, minimal important change values
via predictive model; NRS, Numeric Rating Scale; PSFS, Patient-Specific Functional Scale; WOMAC, Western Ontario
and McMaster Universities Osteoarthritis Index.
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point estimate for ordinal measures (eg, WOMAC) is inherently
limited, as equal numerical changes do not represent equivalent
clinical change across the continuum of the scale.

This study provides context-specific MIC and MCID values
for pain and physical function outcomes in hip OA following a
home-based exercise program prescribed according to widely
used guidelines. These estimates enhance clinical interpretation
and offer empirically supported parameters for future exercise-
based trials.
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Maternal and Personal Smoking, Genetic Susceptibility, and
Risk of Osteoarthritis: A Population-Based Prospective
Cohort Study

Junjie Wang, PhD,1 Jianqiao Wang, MS,1 Xiaoyue Zhang, PhD,1 Xusheng Cheng, MS,1 Xing Xing, BS,2

Hanyuan Zhang, PhD,3 and Guoqi Cai, PhD1,4

Objective. To investigate the associations of maternal and personal smoking with the risk of knee, hip, hand, and
overall osteoarthritis (OA) and the role of genetic predisposition to OA.

Methods. A total of 321,075 UK Biobank participants (mean age 56 years, 55% women) without OA at baseline
were included; 29.9% reported maternal smoking, 24.3% reported former smoking, and 9.5% reported current smok-
ing. Maternal smoking around childbirth (yes or no) and personal smoking status (never, former, or current) and dose
(pack-years) were self-reported by the participants. Cox proportional hazards models were used to explore the associ-
ations of maternal and personal smoking status and personal smoking dose with the risk of OA. Genetic susceptibility
of OA was assessed using polygenic risk scores (PRS).

Results. During follow-up, 18,470 (5.8%), 12,064 (3.8%), 6,605 (2.1%), and 52,853 (16.5%) participants developed
knee, hip, hand, and overall OA, respectively. Both maternal and personal smoking were positively associated with the
risk of knee, hip, hand, and overall OA (maternal smoking hazard ratio [HR] = 1.08–1.23; personal smoking HR = 1.18–
1.40). There were significant dose-responsive associations between personal smoking dose and OA risk (P for trend
<0.05). The association between maternal and personal smoking and OA risk was similar across different PRS strata.

Conclusion. Both maternal and personal smoking are independently associated with an elevated risk of OA. These
associations are universal across different genetic susceptibility of OA.

INTRODUCTION

Approximately 2% of pregnant women worldwide smoke

during pregnancy, whereas the rate reaches up to 8% in Europe.1

Maternal smoking not only increases the risk of preterm birth and

neonatal mortality but also predisposes offspring to various

chronic diseases later in life.2 Osteoarthritis (OA) represents a

major contributor to long-term pain and functional impairment,

most commonly involving the knee, hip, or hand joints.3 Tobacco

exposure may promote the development of OA by disrupting

bone metabolism4 and inducing systemic inflammation and meta-

bolic abnormalities.5,6 Because of the lack of effective therapeutic

options for OA,7 identifying modifiable risk factors, such as

smoking at different periods, is essential for advancing early pre-

vention efforts and optimizing clinical management.
The association between smoking and OA risk remains

inconclusive, and existing evidence predominantly examines per-

sonal smoking exposure during adulthood. Although two recent

genetic studies suggested a causal relationship between per-

sonal smoking and an increased risk of OA,8,9 meta-analyses of

observational studies revealed no10,11 or even an inverse associa-

tion.12,13 This discrepancy may stem from selection bias, particu-

larly in case-control studies in which smokers are often

overrepresented among hospital-based controls.13 Additionally,

body mass index (BMI) may act as a mediator rather than a con-

founder in the pathway linking smoking to OA, yet most previous

Supported by the National Natural Science Foundation of China
(82473719) and Research Innovation Team Project of School of Public Health
of Anhui Medical University (kctd200403).

1Department of Epidemiology and Biostatistics, School of Public Health,
Anhui Medical University, Hefei, Anhui, China; 2Department of Biostatistics,
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland;
3Department of Orthopedics, The First Affiliated Hospital of Anhui Medical
University, Hefei, China; 4Menzies Institute for Medical Research, University
of Tasmania, Hobart, Tasmania, Australia.

Drs Junjie Wang and Jianqiao Wang are co-first authors and contributed
equally to this work.

Additional supplementary information cited in this article can be found
online in the Supporting Information section (https://acrjournals.
onlinelibrary.wiley.com/doi/10.1002/acr.80064).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.80064.

Address correspondence via email to Hanyuan Zhang, PhD, at
doczhy@vip.163.com; or to Guoqi Cai, PhD, at Guoqi.Cai@ahmu.edu.cn.

Submitted for publication December 18, 2025; accepted in revised form
April 9, 2026.

1404

Arthritis Care & Research
Vol. 78, No. 10, October 2026, pp 1404–1413
DOI 10.1002/acr.80064
© 2026 American College of Rheumatology

https://doi.org/10.1002/acr.80064
https://doi.org/10.1002/acr.80064
https://onlinelibrary.wiley.com/doi/10.1002/acr.80064
https://onlinelibrary.wiley.com/doi/10.1002/acr.80064
mailto:doczhy@vip.163.com
mailto:Guoqi.Cai@ahmu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.80064&domain=pdf&date_stamp=2026-04-28


studies have treated it as a covariate,14 potentially distorting the
true relationship. Furthermore, nicotine, the primary addictive

component of cigarettes, readily crosses the placenta.15 Prenatal
exposure to nicotine through maternal cigarette smoking can
cause intrauterine cartilage dysplasia that persists into adult-

hood.16 However, only a few animal studies indicated that prena-
tal nicotine exposure may increase offspring’s susceptibility to
OA.17,18 To our knowledge, no population-based studies have

directly examined the association between maternal smoking
and the risk of OA in adulthood. Therefore, we aimed to investi-
gate the associations of maternal and personal smoking with the

risk of OA at different sites (ie, knee, hip, and hand) and to evalu-
ate whether the association was modified by genetic predisposi-
tion to OA.

METHODS

Study population. The UK Biobank is a nationwide pro-
spective cohort study recruiting over 0.5 million participants aged
40 to 69 years from England, Scotland, and Wales from 2006 to
2010. The cohort has obtained ethical approval from the North
West Multi-Centre Research Ethics Committee (21/NW/0157).19

Written informed consent was obtained from all participants

before their enrollment. Further details can be found on the official
website (https://www.ukbiobank.ac.uk/). In the present study, we
included 321,075 participants who were free of any type of OA at
baseline and did not have missing data on maternal smoking or
personal smoking (Figure 1).

Exposure assessment: maternal and personal
smoking. Information on maternal and individual smoking was
collected via a self-administered touchscreen questionnaire.
Maternal smoking status was assessed by asking “Did your
mother smoke regularly around the time when you were born?”
with options yes and no. This information was available for all par-
ticipants, except those who reported being adopted during child-
hood. Personal smoking status was categorized as never, former,
or current by asking two questions “Do you smoke tobacco
now?” and “In the past, how often have you smoked tobacco?”
The type of tobacco smoked was determined based on the ques-
tion, “What type of tobacco did you usually smoke?” with options
including manufactured cigarettes, hand-rolled cigarettes, cigars,
or pipes. Participants selecting “do not know” or “prefer not to
answer” were excluded.

The duration and frequency of personal smoking was
assessed using smoking years and pack per day. Specifically,
smoking years were calculated as current age [current smokers]
or age at quitting [former smokers] − age at starting smoking.
The duration of personal smoking was classified into never, <10,
10 to 20, 20 to 30, and ≥30 years. Pack per day was assessed
by asking “About howmany cigarettes did you smoke on average
each day?” and calculated as number of cigarettes smoked per
day/20. The intensity of personal smoking was classified into
never, <0.5, 0.5 to 1.0, 1.0 to 1.5, and ≥1.5 pack/day. In combi-
nation, the cumulative dose of personal smoking (in pack-years)

Figure 1. Flowchart of the sample selection from the UK Biobank. OA, osteoarthritis.

SIGNIFICANCE & INNOVATIONS
• Maternal smoking elevates offspring’s osteoarthri-

tis risk, independent of offspring’s personal smok-
ing behavior.

• The detrimental effect of smoking on osteoarthritis
risk is universal across individuals with different
genetic susceptibility to osteoarthritis.
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was calculated as pack per day × smoking years, based on their
raw values. Accordingly, personal smoking dose was classified
into the following categories: never, <10, 10 to 20, 20 to 30, and
≥30 pack-years.

Outcome: OA. According to the International Classification
of Diseases, Tenth Revision (ICD-10), the incidence of overall OA
(M15-M19) and OA at the different sites, including knee
OA (ICD-10: M17), hip OA (ICD-10: M16), and hand OA (ICD-10:
M15, M18), was identified by the date of first occurrence relative
to the date of baseline enrollment. In the UK Biobank, the date of
first disease occurrence was derived from self-reports, hospital
admissions, primary carer, and death records,20 the validity of
which has been supported by previous studies.21,22 Participants
were tracked from their year of birth until the first occurrence of
an event, including OA diagnosis, mortality, withdrawal, or the lat-
est date of data linkage (March 2023 for England, August 2022 for
Scotland, and May 2022 for Wales).

Genetic susceptibility of knee and hip OA. Polygenic
risk scores (PRS) for OA were constructed using genome-wide
association study summary statics (GWAS) from FinnGen
Release 9 (https://r9.risteys.finngen.fi/).23 To align genomic coor-
dinates with the UK Biobank reference (build GRCh37), FinnGen
GWAS data originally mapped to GRCh38 were converted to
GRCh37 using liftOver tool provided by the University of Califor-
nia, Santa Cruz Genome Browser and the hg38-to-hg19 chain file
(https://hgdownload.soe.ucsc.edu/goldenPath/hg38/liftOver/).

Independent GWAS single nucleotide polymorphisms
(SNPs; P < 5 × 10−8) were identified by linkage disequilibrium
pruning (r2 < 0.001 within 1-Mb windows) using the European ref-
erence panel from the 1000 Genomes Project. To ensure data
quality, variants with a minor allele frequency < 0.01, insertion-
deletion variants (indels), and ambiguous palindromic SNPs were
excluded. PRS were calculated as the weighted sum of risk
alleles, with weights corresponding to effect sizes reported in the
GWAS. PRS for knee, hip, and overall OA were constructed
based on 51, 35, and 49 SNPs, respectively, whereas no SNPs
for hand OA were identified; thus, PRS for hand OA cannot be
calculated in this study. The continuous PRS variables exhibited
an approximately normal distribution (Supplementary Figure S1).
Consistent with previous studies,24–27 they were grouped into
low (first quintile), intermediate (second to fourth quintiles), and
high (fifth quintile) genetic risk categories.

Covariates. Potential confounders were determined with
reference to prior literature,28–30 encompassing socio-
demographic characteristics, lifestyle factors, and health history.
Sociodemographic information encompassed sex (male or
female), ethnicity (White or other), and Townsend Deprivation
Index (TDI, measuring socioeconomic status, with higher scores
indicating greater deprivation31). In the present study, age was

not adjusted for, as follow-up time was used as the time scale in
the survival analysis, which inherently accounts for age. Lifestyle
factors included BMI, alcohol consumption (never: never or on
special occasions only; low: 1–3 times per month; intermediate:
1–4 times per week; and high: daily or almost daily), and physical
activity (low: <600 metabolic equivalents (MET) minutes/week;
moderate: <3,000 MET minutes/week; and high: ≥3,000 MET
minutes/week).32 The Charlson Comorbidity Index (CCI)33 was
calculated by summing weighted ICD-10 codes for 17 comorbidi-
ties and categorized into three levels (0, 1, or ≥2; details in Sup-
plementary Table S1).

Statistical analysis. Baseline characteristics were strati-
fied by whether the participants developed OA during the follow-
up. Variables following a normal distribution are presented as
mean (SD), whereas those with skewed distributions are summa-
rized as median (interquartile range). Categorical variables were
described as numbers (percentages). Between-group tests
were not performed given the very large number of participants.

Cox regression models were used to investigate the associa-
tions of maternal smoking (yes or no) and individual smoking sta-
tus (never, former, or current) or dose (pack-years) with the risks
of knee, hip, hand, and overall OA. Schoenfeld residuals were
applied to assess the proportional hazards assumption.34 Three
models were fitted. Model 1 (univariable model) only included
maternal smoking status and personal smoking status
(or cumulative dose, duration, and intensity) as two independent
variables. Model 2 adjusted for sex, ethnicity, TDI, physical activ-
ity, and CCI. Model 3 further adjusted for BMI on top of model
2. In addition, when examining personal smoking status, cumula-
tive smoking exposure (pack-years) was additionally adjusted for
after log(x + 1) transformation to account for differences in prior
smoking exposure and to reduce potential residual confounding.
Potential effect modification by age (<60 years vs ≥60 years),
sex (male and female), and BMI (<30 vs ≥30) was also explored.

To further investigate the role of genetic factors, the analysis
was restricted to the subset of participants with available genetic
data. Models were adjusted for the OA PRS and the first
10 genetic principal components to account for genetic suscepti-
bility.35 The potential modifying effect of genetic predisposition on
the association between smoking and OA risk was evaluated
on both the additive and multiplicative scales. Multiplicative inter-
actions were assessed using likelihood ratio tests comparing
models with and without the interaction term, whereas additive
interactions were evaluated through the relative excess risk due
to interaction (RERI) and the attributable proportion (AP).36 All
analyses were conducted using the complete dataset, with
results presented as hazard ratios (HRs) and corresponding
95% confidence intervals (CIs).

Two sensitivity analyses were performed to examine the
robustness of the study findings. First, Fine-Gray competing-risk
models were fitted to account for the potential competing risk of
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death in the association between smoking and OA. Second,
missing data for covariates were imputed using chained equa-
tions, generating 20 datasets under the assumption that data
were missing at random.37 Continuous variables were imputed
using predictive mean matching, whereas binary and categorical
variable were imputed using binary and polytomous logistic
regression, respectively. Associations were subsequently pooled
across the imputed datasets using Rubin’s rules.38 All statistical
analyses were conducted in R (version 4.4.2, http://www.R-
project.org), with two-sided P value <0.05 considered significant.

Data availability. Data were assessed from https://www.
ukbiobank.ac.uk/. Data and code for this study are available from
the corresponding author upon reasonable request.

RESULTS

The baseline characteristics of participants. Of
321,075 participants (mean age 56 years, 55% women) included,
29.9% reported maternal smoking, 24.3% were former smokers,
and 9.5% were current smokers. Among these smoking partici-
pants, 98.8% reported smoking cigarettes, whereas 1.2%
reported smoking cigars or pipes (Table 1).

Participants who developed incident OA during follow-up
were more likely to report maternal smoking during pregnancy
and personal smoking at baseline, characterized by longer dura-
tion, higher intensity, and greater cumulative exposure. They also
had higher baseline comorbidity burden and BMI. Baseline char-
acteristics were otherwise comparable across OA subtypes
(Table 1).

Maternal and personal smoking status and OA risk.
During the follow-up period, 18,470 (5.75%), 12,064 (3.76%),
6,605 (2.06%), and 52,853 (16.46%) participants developed
knee, hip, hand, and overall OA, respectively. In the fully adjusted
model, maternal smoking was associated with an increased risk
of overall OA (HR 1.14, 95% CI 1.12–1.17), knee OA (HR 1.08,
95% CI 1.04–1.12), hip OA (HR 1.18, 95% CI 1.13–1.23), and
hand OA (HR 1.23, 95% CI 1.16–1.31) (Table 2). Personal smok-
ing was also positively associated with incident OA. Notably, both
former and current smoking were associated with higher risks of
overall, knee, hip, and hand OA (Table 2).

Subgroup analyses indicated significant effect modification
by age, sex, and BMI in the associations between smoking and
OA. The positive associations between personal smoking
and overall, knee, and hip OA were more pronounced among
individuals with obesity (BMI ≥30), whereas an opposite pattern
was observed for hand OA (Figure 2). Stronger associations of
personal smoking with overall and hip OA were observed in
women (Figure 2). In addition, the associations of personal smok-
ing with overall and knee OA were more evident among older par-
ticipants (≥60 years) (Figure 2). For maternal smoking, stronger

associations with hip OA were observed among younger partici-
pants (<60 years) and women (Figure 2).

Dose, duration, and intensity of personal smoking
and OA risk. After adjusting for potential confounders and
maternal smoking, there was a dose-responsive association
between the cumulative dose of personal smoking (in pack-years)
and the risks of overall, knee, hip, and hand OA (Table 3), with a
comparatively weaker associated noted for knee OA. Similar
results were observed for the association between the duration
and intensity of personal smoking and OA risk (Supplementary
Table S2 and S3). Specifically, smoking was inversely associated
with knee OA (HRs <1.00, P for trend <0.05) while showing posi-
tive associations with other types of OA (HR >1.00, P for trend
<0.05) across all smoking metrics.

Maternal and personal smoking and OA risk by PRS.
After accounting for genetic susceptibility to OA, the main findings
remained consistent with the main findings (Supplementary
Table S4). However, an additive, but not a multiplicative
(Figure 3), interaction was observed between personal smoking
and OA polygenic risk. Specifically, among current smokers with
intermediate genetic risk, the RERI for overall OA was −0.11
(95% CI −0.20 to −0.03), corresponding to an AP of −10%, indi-
cating a negative additive interaction (Supplementary Table S5).
Among current smokers with high genetic risk, the RERI was
0.13 (95%CI 0.02–0.24) with an AP of 10%, suggesting a positive
additive interaction (Supplementary Table S5). Similar findings
were observed for hip OAwith respect to maternal smoking expo-
sure (Supplementary Table S5).

Sensitivity analysis. After further accounting for the com-
peting risk of death using Fine-Gray models, the results remained
consistent with the primary analysis (Supplementary Tables S6–-
S9). Besides, the proportion of missing values for covariates was
<1.00%, except for physical activity (69,091, 21.52%). Missing-
ness for other covariates was minimal, including alcohol
consumption (224, 0.07%), TDI (404, 0.13%), ethnicity
(968, 0.30%), and BMI (1,706, 0.53%). Participants with com-
plete data generally exhibited a healthier profile, characterized by
fewer comorbidities, lower socioeconomic deprivation, higher
levels of physical activity, and lower BMI (Supplementary
Table S10). The associations between maternal and personal
smoking with the risk of OA after multiple imputation for miss-
ing covariates were consistent with the main analysis
(Supplementary Tables S11–S14).

DISCUSSION

Using data from the UK Biobank, we found that both mater-
nal smoking and personal smoking were independently associ-
ated with increased OA risk in offspring. Moreover, there was an
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additive interaction between smoking and polygenic risk of OA for
OA risk. These findings highlight that both maternal and personal
smoking exert deleterious effects on the risk of OA, emphasizing
the critical importance of smoking prevention and cessation
efforts across all stages of life.

The study provides the first population-level evidence that
maternal smoking is associated with an increased risk of OA in dif-
ferent joints. This association is independent of both the off-
spring’s personal smoking behavior later in life. Our finding holds
critical public health importance, particularly given the current

absence of disease-modifying treatments for OA, and provides
further evidence that early life smoking exposure has detrimental,
long-term health consequences for offspring. These findings are
supported by preclinical evidence. For example, maternal smok-
ing during pregnancy may impair fetal cartilage development,
potentially through nicotine, which reduces the expression of type
II collagen, aggrecan, and insulin-like growth factor 1 in the off-
spring’s cartilage, leading to delayed fetal articular cartilage devel-
opment and subsequently reduced cartilage quality.18 Moreover,
maternal smoking has been shown to disrupt pancreatic

Table 1. Baseline characteristics of participants*

Characteristics Non-OA Overall OA Knee OA Hip OA Hand OA

N 268,222 52,853 18,470 12,064 6,605
Maternal smoking, n (%) 78,901 (29.42) 16,985 (32.14) 5,810 (31.46) 3,894 (32.28) 2,270 (34.37)
Personal smoking

status, n (%)
Never 179,915 (67.08) 32,699 (61.87) 11,586 (62.73) 7,398 (61.32) 3,945 (59.73)
Former 62,429 (23.28) 15,446 (29.22) 5,468 (29.60) 3,647 (30.23) 2,040 (30.89)
Current 25,878 (9.64) 4,708 (8.91) 1,416 (7.67) 1,019 (8.45) 620 (9.38)

Personal smoking
duration, n (%)

Never 179,915 (67.08) 32,699 (61.87) 11,586 (62.73) 7,398 (61.32) 3,945 (59.73)
<10 years 10,209 (3.81) 2,051 (3.88) 715 (3.87) 471 (3.90) 279 (4.22)
<20 years 21,566 (8.04) 4,701 (8.89) 1,679 (9.09) 1,097 (9.09) 548 (8.30)
<30 years 22,464 (8.38) 4,607 (8.72) 1,658 (8.98) 1,112 (9.22) 608 (9.21)
≥30 years 34,068 (12.70) 8,795 (16.64) 2,832 (15.33) 1,986 (16.46) 1,225 (18.55)

Personal smoking
intensity, n (%)

Never 179,915 (67.08) 32,699 (61.87) 11,586 (62.73) 7,398 (61.32) 3,945 (59.73)
<0.5 pack per day 11,099 (4.14) 2,136 (4.04) 699 (3.78) 496 (4.11) 303 (4.59)
<1.0 pack per day 33,091 (12.34) 7,189 (13.60) 2,336 (12.65) 1,706 (14.14) 956 (14.47)
<1.5 pack per day 32,817 (12.24) 7,707 (14.58) 2,718 (14.72) 1,773 (14.70) 965 (14.61)
≥1.5 pack per day 11,300 (4.21) 3,122 (5.91) 1,131 (6.12) 691 (5.73) 436 (6.60)

Personal smoking
dose, n (%)

Never 179,915 (67.08) 32,699 (61.87) 11,586 (62.73) 7,398 (61.32) 3,945 (59.73)
<10 pack-years 22,273 (8.30) 4,278 (8.09) 1,466 (7.94) 987 (8.18) 577 (8.74)
<20 pack-years 24,199 (9.02) 5,197 (9.83) 1,798 (9.73) 1,249 (10.35) 629 (9.52)
<30 pack-years 17,095 (6.37) 4,059 (7.68) 1,343 (7.27) 966 (8.01) 533 (8.07)
≥30 pack-years 24,740 (9.22) 6,620 (12.53) 2,277 (12.33) 1,464 (12.14) 921 (13.94)

Female sex, n (%) 143,590 (53.53) 31,703 (59.98) 10,017 (54.23) 7,379 (61.17) 4,486 (67.92)
White ethnicity, n (%) 242,822 (90.81) 48,870 (92.73) 16,760 (91.05) 11,469 (95.26) 6,177 (93.80)
Alcohol

consumption, n (%)
Never 52,796 (19.70) 11,904 (22.54) 4,189 (22.69) 2,406 (19.96) 1,649 (25.00)
Low 30,953 (11.55) 5,857 (11.09) 2,072 (11.22) 1,277 (10.59) 713 (10.81)
Intermediate 131,329 (49.00) 24,652 (46.68) 8,644 (46.82) 5,789 (48.02) 2,992 (45.36)
High 52,958 (19.76) 10,402 (19.70) 3,556 (19.26) 2,583 (21.43) 1,242 (18.83)

Physical activity, n (%)
Low 39,236 (18.47) 7,073 (17.87) 2,364 (17.23) 1,506 (16.51) 888 (18.47)
Intermediate 109,549 (51.57) 19,259 (48.67) 6,616 (48.21) 4,533 (49.71) 2,305 (47.95)
High 63,625 (29.95) 13,242 (33.46) 4,742 (34.56) 3,080 (33.78) 1,614 (33.58)

Charlson Comorbidity
Index, n (%)

0 185,754 (69.25) 25,461 (48.17) 8,673 (46.96) 5,950 (49.32) 2,834 (42.91)
1 41,804 (15.59) 12,025 (22.75) 4,331 (23.45) 2,735 (22.67) 1,541 (23.33)
≥2 40,664 (15.16) 15,367 (29.07) 5,466 (29.59) 3,379 (28.01) 2,230 (33.76)

Age, mean (SD), years 55.03 (8.17) 58.55 (7.36) 58.55 (7.43) 59.64 (7.01) 58.83 (7.14)
TDI, median (IQR) −2.18 (−3.68 to 0.46) −2.17 (−3.63 to 0.52) −2.14 (−3.60 to 0.52) −2.33 (−3.73 to 0.12) −2.12 (−3.60 to 0.78)
BMI, mean (SD) 26.90 (4.55) 28.50 (5.16) 29.61 (5.25) 28.13 (4.81) 28.76 (5.39)

* BMI, body mass index; IQR, interquartile range; OA, osteoarthritis; TDI, Townsend Deprivation Index.
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development via mitochondria-mediated apoptosis of β-cells,
thereby promoting systemic inflammation and oxidative stress in
the offspring.39 Taken together, these findings suggest that
maternal smoking may compromise cartilage development and
systemic homeostasis in early life, predisposing the offspring to
a higher risk of OA.

Our study also provided evidence of a positive association
between personal smoking and OA, consistent with findings from
previous cohort studies, although these studies involved smaller
sample sizes or short follow-up duration.40,41 The observed relation-
ship was further supported by two genetic studies.8,9 Nevertheless,
most previous studies reported that smoking may be protective12,13

against OA or show no10,11 significant association. One possible
explanation is selection bias because a large number of these studies
were hospital based.13 Another potential reason is that BMI may act
as a mediator rather than a confounder in the association between
smoking and OA risk because smokers tend to have lower BMI.14

Our findings further supported this view as the association between
smoking and OA risk was attenuated after adjusting for BMI.

We observed a complex relationship between personal
smoking and knee OA. Before adjustment for BMI, smoking sta-
tus was not associated with knee OA, likely because the lower
BMI observed in smokers,14 which is protective against knee
OA, masked the detrimental effect of smoking. After accounting
for BMI, there was a positive association between smoking and
knee OA. Moreover, cumulative measures of smoking, including
duration, dose, and intensity, were also inversely associated with
knee OA risk. This counterintuitive trend may partially reflect the
indirect effect of smoking through BMI, as well as potential survi-
vor bias or measurement limitations. Importantly, these observa-
tions do not alter the overall conclusion that personal smoking
increases the risk of knee OA. In addition, personal smoking sta-
tus and cumulative smoking measures were consistently posi-
tively associated with hip and hand OA, regardless of BMI
adjustment. This may reflect the relatively stable detrimental effect
of smoking on these sites, whereas knee OA is more sensitive to
BMI,42 which partly explained the inverse association between
high exposure of smoking and knee OA risk.

Table 2. Association of maternal and personal smoking status with the incidence of osteoarthritis*

Smoking status OA/total

Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Overall OA
Maternal
No 35,868/225,189 Reference Reference Reference
Yes 16,985/95,886 1.18 (1.16–1.21) <0.001 1.18 (1.16–1.21) <0.001 1.14 (1.12–1.17) <0.001

Personal
Never 32,699/212,614 Reference Reference Reference
Former 15,446/77,875 1.06 (0.99–1.12) 0.086 1.15 (1.08–1.23) <0.001 1.23 (1.16–1.31) <0.001
Current 4,708/30,586 1.11 (1.03–1.20) 0.006 1.16 (1.08–1.25) <0.001 1.40 (1.30–1.51) <0.001

Knee OA
Maternal
No 12,660/225,189 Reference Reference Reference
Yes 5,810/95,886 1.14 (1.10–1.19) <0.001 1.15 (1.11–1.19) <0.001 1.08 (1.04–1.12) <0.001

Personal
Never 11,586/212,614 Reference Reference Reference
Former 5,468/77,875 1.01 (0.91–1.13) 0.814 1.17 (1.05–1.30) 0.004 1.31 (1.18–1.46) <0.001
Current 1,416/30,586 0.89 (0.78–1.02) 0.089 0.99 (0.87–1.13) 0.937 1.36 (1.19–1.55) <0.001

Hip OA
Maternal
No 8,170/225,189 Reference Reference Reference
Yes 3,894/95,886 1.22 (1.17–1.28) <0.001 1.21 (1.16–1.26) <0.001 1.18 (1.13–1.23) <0.001

Personal
Never 7,398/212,614 Reference Reference Reference
Former 3,647/77,875 1.12 (0.99–1.28) 0.075 1.13 (0.99–1.28) 0.068 1.18 (1.04–1.35) 0.010
Current 1,019/30,586 1.18 (1.01–1.38) 0.038 1.16 (0.99–1.36) 0.059 1.33 (1.13–1.56) <0.001

Hand OA
Maternal
No 4,335/225,189 Reference Reference Reference
Yes 2,270/95,886 1.29 (1.21–1.37) <0.001 1.27 (1.20–1.35) <0.001 1.23 (1.16–1.31) <0.001

Personal
Never 3,945/212,614 Reference Reference Reference
Former 2,040/77,875 1.08 (0.90–1.28) 0.420 1.17 (0.98–1.40) 0.076 1.25 (1.05–1.49) 0.011
Current 620/30,586 1.15 (0.93–1.42) 0.213 1.14 (0.92–1.42) 0.218 1.38 (1.12–1.71) 0.003

* Model 1: adjusted for maternal and personal smoking status, as well as personal smoking dose. Model 2: further adjusted for sex, ethnicity,
Townsend Deprivation Index, physical activity, and Charlson Comorbidity Index. Model 3: further adjusted for body mass index. CI, confidence
interval; HR, hazard ratio; OA, osteoarthritis. Bold values indicate statistical significance (P < 0.05).
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Figure 2. Subgroup analysis for the association between maternal and personal smoking status with the incidence of osteoarthritis. BMI, body
mass index; CI, confidence interval; HR, hazard ratio; OA, osteoarthritis.
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Subgroup analyses suggested that the effect of personal and
maternal smoking on OA may vary according to BMI, sex,
and age. Weight-bearing joints such as the knee and hip appear
particularly susceptible to combined influence of smoking and

obesity, whereas non–weight-bearing joints like the hand are less
affected.42 The stronger associations observed in women may
reflect smoking-induced reductions in circulating estrogen
levels,43 which could adversely affect bone mineral density and

Table 3. Association of personal smoking dose with the incidence of osteoarthritis*

Smoking dose OA/total

Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Overall OA
Never 32,699/212,614 Reference Reference Reference
<10 pack-years 4,278/6,551 1.05 (1.01–1.09) 0.008 1.07 (1.03–1.10) 0.001 1.07 (1.03–1.11) <0.001
<20 pack-years 5,197/29,396 1.12 (1.08–1.15) <0.001 1.12 (1.08–1.15) <0.001 1.08 (1.05–1.12) <0.001
<30 pack-years 4,059/21,154 1.17 (1.12–1.21) <0.001 1.13 (1.09–1.18) <0.001 1.09 (1.05–1.13) <0.001
≥30 pack-years 6,620/31,360 1.11 (1.07–1.14) <0.001 1.03 (0.99–1.07) 0.051 0.97 (0.94–1.01) 0.123
P value for trend <0.001 <0.001 0.160

Knee OA
Never 11,586/212,614 Reference Reference Reference
<10 pack-years 1,466/26,551 1.01 (0.95–1.08) 0.651 1.03 (0.96–1.09) 0.415 1.03 (0.97–1.10) 0.298
<20 pack-years 1,798/29,396 1.10 (1.04–1.16) 0.001 1.07 (1.01–1.13) 0.020 1.02 (0.96–1.08) 0.604
<30 pack-years 1,343/21,154 1.10 (1.03–1.17) 0.004 1.04 (0.97–1.11) 0.306 0.96 (0.90–1.02) 0.218
≥30 pack-years 2,277/31,360 1.08 (1.03–1.14) 0.004 0.95 (0.90–1.01) 0.077 0.86 (0.82–0.91) <0.001
P value for trend <0.001 0.629 <0.001

Hip OA
Never 7,398/212,614 Reference Reference Reference
<10 pack-years 987/26,551 1.06 (0.98–1.14) 0.155 1.06 (0.98–1.14) 0.157 1.06 (0.98–1.14) 0.146
<20 pack-years 1,249/29,396 1.15 (1.07–1.23) <0.001 1.15 (1.08–1.24) <0.001 1.13 (1.05–1.21) 0.001
<30 pack-years 966/21,154 1.18 (1.10–1.28) <0.001 1.18 (1.09–1.28) <0.001 1.14 (1.05–1.23) 0.001
≥30 pack-years 1,464/31,360 1.07 (1.01–1.14) 0.044 1.06 (0.99–1.14) 0.084 1.02 (0.95–1.09) 0.642
P value for trend <0.001 <0.001 0.018

Hand OA
Never 3,945/212,614 Reference Reference Reference
<10 pack-years 577/26,551 1.16 (1.05–1.28) 0.005 1.18 (1.07–1.31) 0.001 1.19 (1.07–1.32) 0.001
<20 pack-years 629/29,396 1.12 (1.01–1.23) 0.028 1.13 (1.03–1.25) 0.014 1.10 (0.99–1.21) 0.061
<30 pack-years 533/21,154 1.26 (1.14–1.40) <0.001 1.23 (1.11–1.37) <0.001 1.19 (1.06–1.32) 0.002
≥30 pack-years 921/31,360 1.27 (1.17–1.38) <0.001 1.20 (1.09–1.31) <0.001 1.13 (1.04–1.24) 0.006
P value for trend <0.001 <0.001 <0.001

* Model 1: adjusted for maternal smoking status and personal smoking dose. Model 2: further adjusted for sex, ethnicity, Townsend Depriva-
tion Index, physical activity, and Charlson Comorbidity Index. Model 3: further adjusted for bodymass index. CI, confidence interval; HR, hazard
ratio; OA, osteoarthritis. Bold values indicate statistical significance (P < 0.05).

Figure 3. Association of maternal and personal smoking status with the incidence of osteoarthritis stratified by polygenic risk score for osteoar-
thritis. CI, confidence interval; HR, hazard ratio; OA, osteoarthritis.
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cartilage metabolism.44 The observed age-related differences
may reflect cumulative joint damage and prolonged exposure to
risk factors, whereas early life exposures, including maternal
smoking, could have a greater impact in younger age groups.

In addition, no evidence of multiplicative interaction was
observed between genetic susceptibility to OA and either mater-
nal or personal smoking. However, additive interaction analyses
suggested heterogeneous patterns. Higher genetic susceptibility
to OA appeared to interact synergistically with both maternal
and personal smoking. This pattern may reflect the greater vulner-
ability of cartilage or joint structures in genetically susceptible indi-
viduals. Personal smoking could accelerate joint degeneration
through mechanisms such as inflammation and oxidative
stress,5,6 whereas maternal smoking during pregnancy may
impair cartilage and bone development in offspring.18 In contrast,
among individuals with intermediate genetic risk, maternal or per-
sonal smoking showed a subadditive or antagonistic interaction,
the reasons for which remain unclear but may involve protective
influences related to BMI or lifestyle factors.

The strengths of our study include the large sample size, long
follow-up duration, and the involvement of genetic susceptibility
to OA. Additionally, this study was conducted in a large,
population-based sample rather than a hospital-based sample,
which enhances generalizability and may reduce potential selec-
tion bias. However, our study has limitations. First, information
on maternal smoking was self-reported, which may have intro-
duced recall bias. Although a prior study has demonstrated that
offspring-reported maternal smoking around the time of birth is
reasonably reliable,45 some misclassification may still occur. Sec-
ond, this study focused exclusively on maternal and personal
smoking, without accounting for other tobacco exposures (eg,
secondhand or environmental smoke), potentially leading to
unmeasured confounding. Lastly, the UK Biobank participants
are healthier than the general population,46 potentially limiting the
generalizability of our OA risk estimates.

In this large, population-based cohort, both maternal smok-
ing and personal smoking are associated with an elevated risk of
OA, with genetic susceptibility potentially modulating these asso-
ciations. These findings underscore the importance of smoking
prevention and cessation, both prenatally and in adulthood, as
part of the strategies to reduce OA burden.
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Comparative Performance of LFA-REAL, SLEDAI, and BILAG
for Detecting Clinically Meaningful Changes in Lupus Activity

Alberto Nordmann-Gomes, MD,1 Leila Khalili, MSN, FNP,1 Cynthia Aranow, MD,2

Meggan Mackay, MD, MS,2 Mimi Kim, ScD,3 Diane Kamen, MD, MSCR,4 Cristina Arriens, MD, MSCS,5

Maya Souvignier, BA,1 Wei Tang, MD,1 Stephen Suh, BS,1 Robert Clancy, PhD,1 Cady Chen, BS,1

Maria Dall’Era, MD,6 Joan T. Merrill, MD,5 and Anca D. Askanase, MD, MPH1

Objective. This study aimed to compare the performance of the Lupus Foundation of America Rapid Evaluation of
Activity in Lupus (LFA-REAL), British Isles Lupus Assessment Group Index (BILAG), and Systemic Lupus Erythemato-
sus Disease Activity Index (SLEDAI) in detecting the clinician’s perception of improvement and worsening disease and
identifying patients requiring treatment escalation.

Methods. This was a prospective, observational study conducted at four centers. Adults with systemic lupus ery-
thematosus were evaluated at a baseline and follow-up visit. Disease activity was assessed using SLEDAI, BILAG,
and LFA-REAL at both visits by the same physician. At the follow-up visit, the Clinician Global Impression of Change
(CGIC) was recorded to classify patients as improved, worsened, or unchanged. Receiver operating characteristic
curve analysis was used to evaluate each instrument in detecting clinician-rated change gauged by CGIC with optimal
cut-off points determined using the Youden Index.

Results. Of the 163 patients enrolled, 145 (89%) completed a follow-up visit. Based on CGIC, 23% improved, 16%
worsened, and 61% remained stable. For detecting CGIC-defined improvement, LFA-REAL had an area under the
curve (AUC) of 0.85 (95% confidence interval [CI] 0.77–0.92), compared to 0.75 (95% CI 0.66–0.85) for BILAG and
0.74 (95% CI 0.64–0.84) for SLEDAI. For CGIC-defined worsening, AUCs were 0.86 (95% CI 0.77–0.96), 0.79 (95%
CI 0.67–0.90), and 0.76 (95% CI 0.66–0.87). Of those with CGIC-defined worsening, eight (35%) required treatment
escalation. LFA-REAL identified a difference of ≥10 mm in all eight of these patients, compared to four by BILAG and
two by SLEDAI.

Conclusion. LFA-REAL showed comparable performance relative to SLEDAI and BILAG in detecting clinician-
rated change. There was a statistically significant advantage over SLEDAI for detection of improvement. These findings
support its utility as a metric for disease activity in clinical practice and research.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic, autoim-

mune disease characterized by intermittent flares and periods of

worsening disease activity.1 Given its variable and unpredictable

course, accurate measurement of disease activity remains a

major clinical challenge.2–4 Reliable assessment is essential not

only for guiding therapeutic decisions in daily practice but also

for evaluating efficacy outcomes in clinical trials.4,5 Multiple dis-

ease activity instruments have been developed and validated to

date, including the Systemic Lupus Erythematosus Disease Activ-

ity Index (SLEDAI), the British Isles Lupus Assessment Group

Index (BILAG), and the Physician’s Global Assessment (PGA).

These instruments—and the composite indices derived from

them—are the most widely used tools in clinical trials; however,

each has important limitations.6–8
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The SLEDAI includes 24 weighted clinical and laboratory
manifestations of SLE derived from expert consensus. However,
it omits many less common manifestations and, because each
item is scored at maximal weight once the minimum threshold is
met, it cannot capture variations in severity.3,7 In order to score
the SLEDAI accurately, training is needed as well as access to a
glossary. The BILAG-2004 index includes a comprehensive set
of 97 items categorized across nine organ systems. For each
manifestation, clinicians indicate whether findings are new,
improving, worsening, the same, or not present compared with
the previous month, allowing a clinical impression of change to
be captured. These assessments of a patient’s progress are inte-
grated with severity descriptors to determine ordinal organ-level
scores reflecting mild, moderate, or severe disease activity.
Although it distinguishes between varying levels of severity, these
categories rely on predefined thresholds, which may be less sen-
sitive to smaller changes in disease activity that do not result in
transitions between severity categories. Additionally, the index
does not differentiate between multiple active descriptors within
the same organ system, meaning if a patient had two active man-
ifestations within one organ, only one score can be assigned for
that system.9 The complexity of BILAG means that it requires
extensive training to complete, which limits its use in routine clini-
cal practice.10 A much simpler instrument frequently used in lupus
studies is the PGA, a visual analog scale that captures the clini-
cian’s overall impression of SLE disease activity. This tool
addresses several limitations of SLEDAI and BILAG by providing
a continuous, linear scale with landmarks for mild, moderate,
and severe disease. However, condensing multiple manifesta-
tions of varying severity into a single 100-mm score limits its inter-
pretability and precision.4,10 Additionally, with no guidance to

focus a clinician’s assessment on specific components of dis-
ease, interrater reliability can be limited.

The Lupus Foundation of America Rapid Evaluation of Activ-
ity in Lupus (LFA-REAL) is a novel disease activity instrument that
incorporates both clinician-reported outcomes (ClinRO) and
patient-reported outcomes.7 The ClinRO consist of a series of
anchored visual analog scales (0–100 mm each) assessing indi-
vidual symptoms, organ-level activity, and global disease activity5

(see Figure 1). The use of a continuous scale, rather than relying
on rigid, glossary-defined thresholds of instruments like SLEDAI
and BILAG, allows for a more granular detection of fluctuations
in disease activity. Unlike the PGA, which compresses all disease
manifestations into a single score, LFA-REAL provides subscales
for each individual manifestation, enabling tracking of individual
symptom progression and response to treatment across different
levels of disease involvement.4 This instrument has been validated
in several previous studies and demonstrated high interrater reli-
ability.3–5,10,11 In this study, we aimed to evaluate the perfor-
mance of LFA-REAL, BILAG, and SLEDAI in detecting clinically
meaningful improvement and worsening based on the Clinician
Global Impression of Change (CGIC) and in identifying patients
requiring treatment escalation.

PATIENTS AND METHODS

A prospective, observational, longitudinal study was con-
ducted at four lupus centers: Columbia University Irving Medical
Center, Medical University of South Carolina, Feinstein Institutes
for Medical Research, and Oklahoma Medical Research Founda-
tion. Consecutive patients that met at least 4 of the 11 revised
1997 American College of Rheumatology criteria for SLE were
invited to participate.12 This study was approved by the institu-
tional review board at each participating site, and all participating
patients provided informed consent.

Data collection. Patients were evaluated during routine
clinical visits with their physicians. Data on demographics, clinical
characteristics, and medications use were collected at each visit.
Laboratory assessments necessary to calculate disease activity
instruments were obtained, including complete blood count, uri-
nalysis, C3, C4, anti–double stranded DNA, complete metabolic
panel, and urine protein/creatinine ratio.

Each participant was evaluated at a baseline (visit 1 [V1]) and
follow-up visit (visit 2 [V2]), as scheduled by usual care. At both
visits, disease activity was evaluated by the Safety of Estrogens in
Lupus Erythematosus National Assessment–SLEDAI (SELENA-
SLEDAI), scored over a 28-day assessment period, BILAG-2004,
the LFA-REAL ClinRO, and the PGA performed by the same physi-
cian. At the follow-up visit, the physician rated the CGIC, reflecting
perceived change compared to the baseline visit, which was classi-
fied as the following: “major or complete improvement,” “significant
partial improvement,” “no change or insignificant change,”

SIGNIFICANCE & INNOVATIONS
• Traditional lupus disease activity instruments like

the Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI) and British Isles Lupus Assessment
Group Index (BILAG) may fail to capture meaningful
variations in disease activity when compared with
the Clinician Global Impression of Change.

• The Lupus Foundation of America Rapid Evaluation
of Activity in Lupus (LFA-REAL) is a novel and simple
disease activity instrument that uses a series of
visual analog scales to assess individual symptoms,
organ-level activity, and overall disease severity in
lupus.

• LFA-REAL demonstrated comparable performance
relative to SLEDAI and BILAG in detecting clinically
significant improvement and worsening, as deter-
mined by the Clinician Global Impression of
Change, with a statistically significant difference
observed over SLEDAI for detection of
improvement.
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Figure 1. LFA-REAL tool. This is a representative screenshot of how the ClinRO of the LFA-REAL consist of a series of anchored visual analog
scales (0–100 mm each) assessing individual symptoms, organ-level activity, and global disease activity. ClinRO, clinician-reported outcomes;
LFA-REAL, Lupus Foundation of America Rapid Evaluation of Activity in Lupus.
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“significant moderate worsening,” or “severe worsening.” Due to
limited numbers of patients in each individual category, response
categories were condensed into improvement, minimal or no
change, or worsening. See Supplementary Table 1 to compare
the original and condensed CGIC measures.

All disease activity instruments, including SELENA-SLEDAI,
BILAG-2004, LFA-REAL, PGA, and CGIC, were scored by
trained rheumatologists with experience in evaluating SLE in clini-
cal practice as well as in formal clinical studies. At the follow-up
visit, clinicians had access to prior clinical information, including
baseline assessments, as part of routine clinical care. Disease
activity instruments (LFA-REAL, BILAG, and SLEDAI) were com-
pleted during the clinical encounter in no designated order, fol-
lowed by completion of the CGIC, which reflected the clinician’s
overall assessment of change since the previous visit. Decisions
regarding treatment escalation or tapering were made by the
same physician who scored the instruments based on clinical
judgment and standard of care, with no requirement to consider
the disease scoring.

Statistical analysis. Descriptive statistics were used to
summarize demographic and baseline clinical characteristics of
the participants. Categorical variables are reported as frequencies
and percentages and numerical variables as means and SDs. To
calculate the global BILAG score, BILAG A was graded at
12 points, BILAG B at 8 points, and BILAG C at 1 point.13

Changes in disease activity scores were calculated for all instru-
ments by subtracting the baseline score from the follow-up value
(V2 − V1), resulting in ΔLFA-REAL, ΔBILAG, and ΔSLEDAI.

Spearman’s correlation coefficients were used to assess
bivariate correlations between changes in disease activity mea-
sures. Correlation strength was interpreted using predefined
thresholds as follows: very weak (0.00–0.19), weak (0.20–0.39),
moderate (0.40–0.59), strong (0.60–0.79), and very strong
(0.80–1.00). Violin plots were generated to visualize the change
in disease activity instruments (ΔLFA-REAL, ΔBILAG, and ΔSLE-
DAI) across CGIC categories (improvement, no change, or wors-
ening). Differences across the three groups were compared
using one-way analysis of variance. Receiver operating character-
istic (ROC) curve analysis was performed to assess the ability of
each disease activity instrument to detect clinically significant
improvement and worsening based on CGIC. The area under
the curve (AUC) with 95% confidence intervals (CIs) was calcu-
lated for each instrument, and DeLong’s test was used to com-
pare AUCs between instruments. Optimal cut-off values for each
score were identified using the Youden Index, and sensitivity,
specificity, positive predictive value, and negative predictive value
were calculated for these optimal thresholds as well as for other
additional exploratory cut-off values that were selected based on
proximity to the Youden-derived optimal thresholds while
accounting for the scoring structure and clinical usability of each
instrument.

As a subgroup analysis, each case classified as worsening
by CGIC was analyzed individually to determine whether LFA-
REAL, BILAG, and SLEDAI scores increased at follow-up
(V2) compared to baseline (V1). A second subgroup analysis
was performed among patients with CGIC-defined worsening
who required escalation of treatment, which was defined as the
addition or dose increase of glucocorticoids or immunosuppres-
sants, as determined by the treating physician during the follow-
up visit. A difference of ≥10 mm in the LFA-REAL (representing
an increase of 10% or higher of each symptom score) was con-
sidered clinically significant, based on the results from the ROC
curve analysis. We used SPSS version 24.0 (IBM), RStudio ver-
sion 2024.04.1 (Posit Software), and GraphPad Prism version
9.5.0 (GraphPad Software) for analyses.

RESULTS

The population included 163 patients of whom 141 (87%)
were female. The mean age was 41.1 ± SD 13 years, and the
mean disease duration was 17.4 ± SD 9.2 years. Overall, 65
patients (40%) identified as White, 64 (39%) as Black, 21 (13%)
as Asian, and 40 (25%) as Hispanic. At the initial visit, mean SLE-
DAI was 5.5 ± SD 5, BILAG 7.1 ± SD 7.3, and LFA-REAL 51.4
± SD 52 mm. In total, 33 patients (20%) had asymptomatic dis-
ease, 111 (68%) mild to moderate disease, and 19 (12%) severe
disease at baseline, according to the physician’s assessment.
Further demographic and baseline clinical characteristics of the
patients are depicted in Table 1.

At the baseline visit, LFA-REAL demonstrated a strong cor-
relation with SLEDAI (r = 0.67; 95% CI 0.59–0.72) and a very
strong correlation with BILAG (r = 0.80; 95% CI 0.75–0.85)
(Supplementary Figure 1). LFA-REAL showed a very strong corre-
lation with PGA (r = 0.85; 95% CI 0.80–0.90), similar to BILAG
(r = 0.82; 95% CI 0.75–0.89), whereas SLEDAI showed a
strong correlation (r = 0.78; 95% CI 0.70–0.84) (Supplementary
Table 2). Follow-up visits were completed for 145 patients
(89%), which occurred after a mean of 4.3 ± SD 3 months from
the initial visit. All 145 patients who completed a follow-up visit
had complete data for LFA-REAL, BILAG, SLEDAI, and CGIC,
with no missing values for these measures. Based on the CGIC
rating at follow-up, 34 patients (23%) improved, 23 (16%) wors-
ened, and 88 (61%) had no meaningful change in disease activity
compared to baseline according to the clinicians. Among those
classified as improved by CGIC, the LFA-REAL decreased a
median of 36.5 mm (interquartile range [IQR] 21.2–61.3) from V1
to V2, the BILAG was reduced by 5 points (IQR 0–7), and the
SLEDAI by 2 points (IQR 0–5.3). For those with CGIC-defined
worsening, the LFA-REAL increased by a median of 30.2 mm
(IQR 9.2–35.6), the BILAG by 3 points (IQR 0–8), and the SLEDAI
by 1.5 points (IQR 0–4). Patients classified as having no change
based on CGIC showed a median difference of 0 mm in LFA-
REAL (IQR −20 to 10), 0 points in BILAG (IQR −1 to 0), and
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0 points in SLEDAI (IQR −2 to 0) scores between both visits. Fur-
ther description of the changes in disease activity scores accord-
ing to CGIC groups is shown in Figure 2.

Figure 3 shows an ROC curve analysis assessing the dis-
criminatory ability of each disease activity instrument to detect a
clinically significant change as defined by CGIC. For detecting
improvement, the LFA-REAL demonstrated an AUC of 0.85
(95% CI 0.77–0.92), compared with 0.75 (95% CI 0.66–0.85) for
BILAG and 0.74 (95% CI 0.64–0.84) for SLEDAI. For detecting
worsening, the AUC for LFA-REAL was 0.86 (95% CI 0.77–
0.96), compared to 0.79 (95% CI 0.67–0.90) for BILAG and 0.76
(95% CI 0.66–0.87) for SLEDAI. Using DeLong’s test, the AUC

for LFA-REAL was significantly greater than that of SLEDAI for
detecting clinical improvement (0.85 vs 0.74; P = 0.034), and the
trend was not significant compared to BILAG (0.85 vs 0.75;
P = 0.070). For detecting clinical worsening, LFA-REAL showed
higher, although not statistically significant, sensitivity compared
to SLEDAI (0.86 vs 0.76; P = 0.088) and BILAG (0.86 vs 0.78;
P = 0.199). See Supplementary Table 3.

The best cut-off values for detecting clinically significant
improvement and worsening were determined for each activity
index using the Youden Index and rounded to the nearest whole
number. The optimal thresholds were 10 mm for LFA-REAL and
one unit for both SLEDAI and BILAG. At these thresholds, LFA-
REAL showed comparable sensitivity and specificity to the other
instruments. For detecting improvement, LFA-REAL achieved a
sensitivity of 85.3% (95% CI 73.5%–97.1%) compared to 73.5%
(95% CI 58.8%–88.2%) for BILAG and 67.6% (95% CI 50.0%–

82.4%) for SLEDAI, whereas specificity remained similar across
the three instruments (75.7% [95% CI 67.6%–83.8%] for LFA-
REAL, 72% [95% CI 64.9%–81.1%] for BILAG, and 75.7% [95%
CI 67.6%–83.8%] for SLEDAI). Similarly, for worsening, LFA-
REAL yielded a sensitivity of 78.3% (95% CI 60.9%–95.7%),
compared to 65.2% (95% CI 43.5%–82.6%) for BILAG and
56.5% (95% CI 34.8%–78.3%) for SLEDAI, whereas specificity
remained similar for the three instruments (81.1% [95% CI
73.8%– 87.7%] for LFA-REAL, 86.1% [95% CI 79.5%–91.8%]
for both BILAG and SLEDAI). Additional details are provided in
Table 2 and Supplementary Table 4.

Among the 23 patients with worsening based on CGIC,
worsening was associated with worse arthritis in 14 patients, rash
in 7 patients, and alopecia in 2 patients. Of the 23 patients with
clinical worsening, 8 (35%) required an escalation in treatment as
determined by the treating physician, including 5 patients with
worsening arthritis and 3 with worsening rash. The remaining
15 patients with CGIC-defined worsening did not receive treat-
ment escalation according to the physician because the degree
of worsening was considered mild or clinically manageable with-
out change in therapy. Treatment escalation consisted of initiation
or dose increase of glucocorticoids in three patients, a change or
dose increase of an immunosuppressant in four patients, and an
increase in both therapies in one patient. Among the 34 patients
with improvement based on CGIC, 5 (15%) received a taper or
reduction in treatment according to the treating physician, includ-
ing 3 patients with improvement in arthritis, 1 with improvement in
rash, and 1 with improvement in alopecia and fatigue. Treatment
taper included four patients in which glucocorticoids were
reduced or discontinued and one patient with a reduction in
immunosuppressant therapy.

The LFA-REAL demonstrated a difference of ≥10 mm
between visits in 21 (91%) of the 23 worsening cases. In compar-
ison, BILAG detected worsening in 14 patients (61%) and SLEDAI
in 12 (52%). Similarly, for worsening cases that required an esca-
lation in treatment, LFA-REAL identified all eight of these patients

Table 1. Baseline demographic and clinical characteristics of the
participants*

Demographic and clinical
characteristics Participants (N = 145)

Sex, n (%)
Female 124 (85)
Male 21 (15)

Age, mean (SD), y 41.5 (12.9)
Race, n (%)
White 60 (42)
Black 58 (40)
Asian 18 (12)
Other 9 (6)

Ethnicity, n (%)
Hispanic 37 (26)
Not Hispanic 108 (74)

Site, n (%)
CUMC 49 (33)
MUSC 42 (29)
FIMR 27 (19)
OMRF 27 (19)

SLE disease duration, mean (SD), y 17.6 (9.0)
Physician’s assessment of disease

severity, n (%)
No disease activity/asymptomatic 31 (21)
Mild/moderate disease activity 96 (66)
Severe disease activity 18 (13)

Disease activity scores at
baseline, mean (SD)

SLEDAI 5.1 (4.5)
BILAG 6.7 (6.8)
LFA-REAL 51.0 (52.9)

Active organ system involvement
at baseline, n (%)

Musculoskeletal 84 (58)
Mucocutaneous 66 (46)
Vasculitis 4 (3)
Cardiorespiratory 3 (2)
Renal 23 (16)
Neuropsychiatric 0 (0)
Constitutional 6 (4)
Hematologic 44 (30)

* BILAG, British Isles Lupus Assessment Group Index; CUMC, Colum-
bia University Irving Medical Center; FIMR, Feinstein Institutes for
Medical Research; LFA-REAL, Lupus Foundation of America Rapid
Evaluation of Activity in Lupus; MUSC, Medical University of South
Carolina; OMRF, Oklahoma Medical Research Foundation; SLE, sys-
temic lupus erythematosus; SLEDAI, Systemic Lupus Erythematosus
Disease Activity Index.
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Figure 2. Changes in disease activity scores according to CGIC group. (A) Change in LFA-REAL (V2 − V1) according to CGIC group. (B) Change
in BILAG (V2 − V1) according to CGIC group. (C) Change in SLEDAI (V2 − V1) according to CGIC group. BILAG, British Isles Lupus Assessment
Group Index; CGIC, Clinician Global Impression of Change; IQR, interquartile range; LFA-REAL, Lupus Foundation of America Rapid Evaluation of
Activity in Lupus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; V1, visit 1; V2, visit 2.

Figure 3. Performance of disease activity indices to identify clinical improvement or worsening according to CGIC group. (Left) ROC curve anal-
ysis assessing the ability of each disease activity index to detect clinically significant improvement. (Right) ROC curve analysis assessing the ability
of each disease activity index to detect clinically significant worsening. AUC, area under the curve; BILAG, British Isles Lupus Assessment Group
Index; CGIC, Clinician Global Impression of Change; LFA-REAL, Lupus Foundation of America Rapid Evaluation of Activity in Lupus; ROC, receiver
operating characteristic; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index. Color figure can be viewed in the online issue, which is
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80034/abstract.
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as having clinically significant worsening, compared to four (50%)
detected by BILAG and two (25%) by SLEDAI (Figure 4).

When analyzed by system domain, LFA-REAL identified all
14 of 14 cases of musculoskeletal worsening due to arthritis,
compared with 6 of 14 detected by BILAG and 4 of 14 by SLE-
DAI. For mucocutaneous worsening, LFA-REAL detected five of
seven rash cases, compared with four of seven detected by both
BILAG and SLEDAI. A breakdown of the worsening cases by clin-
ical manifestations can be found in Supplementary Table 5 and
Supplementary Figures 2 and 3.

DISCUSSION

Given the natural variability of SLE, characterized by alternat-
ing periods of flares and remission, the difficulties in understand-
ing and interpreting clinical trial data, and the increasing
requirements by insurance providers and regulators for disease
justification in clinical practice, there is a need for efficient and
accurate disease activity instruments that can quantitatively
and accurately capture changes in clinical status.3,4 In this multi-
center prospective study, we evaluated the performance of the
LFA-REAL, BILAG, and SLEDAI in detecting clinically significant
change in lupus activity and found that LFA-REAL demonstrated
performance comparable to the traditional disease activity mea-
sures, with an advantage observed over SLEDAI for detecting
improvement.

All disease activity scores substantially correlated with each
other. LFA-REAL demonstrated a significantly greater ability to
detect clinician-rated improvement by CGIC (AUC 0.85 vs 0.74;

P = 0.03), reflecting a limitation in the SLEDAI for detection of par-
tial improvements that might be meaningful to the patient and cli-
nician but do not cross the threshold for the SLEDAI to stop
scoring an item. For example, a patient whose platelet count
increases from 4 × 109/L to 98 × 109/L would have no change
in SLEDAI score. Similarly, a patient with severe, function-limiting
polyarthritis affecting >20 joints who after treatment is left with
only mild arthritis in 2 joints would still receive the same SLEDAI
score, despite marked improvement.4

The detection of worsening by LFA-REAL in the small num-
ber of patients who deteriorated was not statistically different from
SLEDAI (AUC 0.86 vs 0.76; P = 0.08). However, using a 10-mm
cut-off for worsening, the LFA-REAL captured all eight of those
patients who deteriorated enough to require treatment escalation,
whereas the SLEDAI failed to detect worsening in six of these
patients (75%). This likely reflects the same limitation in the SLE-
DAI, which assigns equal weights to all disease manifestations
once a minimal threshold is met, making even a major worsening
in an already existing feature impossible to detect.3,4 A separate
SELENA-SLEDAI Flare Composite Index is often used in clinical
trials to compensate for that limitation but would add another
layer of effort for use in clinical practice.14 When examined by sys-
tem domain, LFA-REAL appeared to more consistently identify
worsening driven by musculoskeletal manifestations than by
mucocutaneous disease, although these observations are
descriptive and based on small numbers.

BILAG and LFA-REAL demonstrated similar performance for
detecting clinical change, with no statistically significant differ-
ences observed for detection of either improvement (AUC 0.85

Figure 4. Detection of (Left) total worsening cases and (Right) worsening cases requiring a change in management by each disease activity
index. *Change in management consisted in adding or increasing the dose of prednisone in three patients, increasing the dose or changing the
immunosuppressant in four patients, and increasing both the steroid and immunosuppressant in one patient. BILAG, British Isles Lupus Assess-
ment Group Index; CGIC, Clinician Global Impression of Change; LFA-REAL, Lupus Foundation of America Rapid Evaluation of Activity in Lupus;
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.80034/abstract.
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for LFA-REAL vs 0.75 for BILAG; P = 0.07) or worsening (AUC
0.86 vs 0.79; P = 0.19). The BILAG, unlike the SLEDAI, does dis-
tinguish between different levels of disease severity—mild, mod-
erate, and severe. However, these thresholds are categorical
and restricted and can sometimes lead to either false positive or
false negative change because of their threshold definitions.
Additionally, because the index consolidates multiple features
within a single organ system into one score, it cannot capture
changes in individual manifestations in patients with multiple
active descriptors.3–5 These limitations may be reflected in
BILAG’s failure to identify a change in clinical status in nearly
40% of patients with CGIC-defined worsening in our cohort,
including four of the eight patients (50%) who required treatment
escalation.

Our findings are consistent with those of previous studies.
D. Jesus et al reported that SLEDAI had limited ability to detect
changes in disease activity, failing to identify nearly two-thirds of
cases judged by physicians as having clinically meaningful
improvement or worsening.15 Similarly, Fatemi et al found that
SLEDAI and BILAG had AUCs of 0.771 and 0.779, respectively,
for identifying patients with clinical deterioration requiring treat-
ment escalation, similar to our results.2

Our study has several limitations. Although we identified pre-
liminary optimal cut-off points using the Youden Index, these find-
ings require external validation in independent cohorts to confirm
their clinical applicability. Also, the small sample size, particularly
the limited number of patients with worsening and improvement,
limits the ability to draw conclusions from the data or compare
instrument performance between centers. These limited event
counts reduce statistical power for subgroup analyses and
increase uncertainty around estimates of discrimination and diag-
nostic performance, raising the risk of both Type I and Type II
error. In addition, although treatment escalation or tapering could
be linked to the clinical manifestations that worsened or improved
between visits, more granular information about the specific fea-
tures of those manifestations and the exact details of medication
adjustments was not collected, limiting more detailed characteri-
zation of the drivers of treatment decisions.

The CGIC, although not a formally validated outcome mea-
sure in SLE, served as a pragmatic and clinically relevant anchor
for this study. However, because it may vary based on an unan-
chored physician judgment, its use in a smaller sample carries risk
of subjective bias. LFA-REAL, like other indices based on visual
analog scales, is subject to variability between the physicians
scoring them. However, in a separate study conducted by our
group, LFA-REAL demonstrated good interrater reliability among
different practicing physicians and clinical researchers.5,11 Addi-
tionally, because the same clinician completed the CGIC and dis-
ease activity instruments at both visits, there is potential for
influence of one instrument scores on another. In future studies,
it will be helpful to ensure that different cohorts of assessors are
required to score the instruments in a different order.

Finally, data on the time required to complete each disease
activity instrument were not collected. As feasibility and time bur-
den are important considerations for clinical implementation,
future studies should prospectively assess completion time, ease
of use, and workflow impact of these instruments in real world
practice. Future studies should also explore the development
and validation of LFA-REAL–based definitions of disease flare,
potentially informed by thresholds associated with clinician-
defined worsening requiring treatment escalation. Direct compar-
ison with the SELENA flare index and BILAG definitions of flare will
also be important to evaluate.

In conclusion, our findings suggest that LFA-REAL may per-
form at least as well as more complex disease activity measures
such as SLEDAI and BILAG in detecting clinically meaningful
changes in SLE. Further validation in larger, independent cohorts
is needed to support its integration into clinical trial endpoints
and treat-to-target strategies.

ACKNOWLEDGMENTS

Large language models were used for checking spelling and
grammar.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Askanase confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Tselios K, Gladman DD, Touma Z, et al. Disease course patterns in
systemic lupus erythematosus. Lupus 2019;28(1):114–122. doi:
https://doi.org/10.1177/0961203318817132

2. Fatemi A, Raeisi A, Sayedbonakdar Z, et al. Sensitivity analyses of
four systemic lupus erythematosus disease activity indices in pre-
dicting the treatment changes in consecutive visits: a longitudinal
study. Clin Rheumatol 2018;37(4):955–962. doi:https://doi.org/
10.1007/s10067-017-3949-2

3. Askanase A, Li X, Pong A, et al. Preliminary test of the LFA rapid eval-
uation of activity in lupus (LFA-REAL): an efficient outcome measure
correlates with validated instruments. Lupus Sci Med 2015;2(1):
e000075. doi:https://doi.org/10.1136/lupus-2014-000075

4. Thanou A, James JA, Arriens C, et al. Scoring systemic lupus erythe-
matosus (SLE) disease activity with simple, rapid outcome measures.
Lupus Sci Med 2019;6(1):e000365. doi:https://doi.org/10.1136/
lupus-2019-000365

5. Askanase AD, Nguyen SC, Costenbader K, et al. Comparison of the
Lupus Foundation of America-Rapid Evaluation of Activity in Lupus
to more complex disease activity instruments as evaluated by clinical
investigators or real-world clinicians. Arthritis Care Res (Hoboken)
2018;70(7):1058–1063. doi:https://doi.org/10.1002/acr.23445

NORDMANN-GOMES ET AL1422

https://doi.org/10.1177/0961203318817132
https://doi.org/10.1007/s10067-017-3949-2
https://doi.org/10.1007/s10067-017-3949-2
https://doi.org/10.1136/lupus-2014-000075
https://doi.org/10.1136/lupus-2019-000365
https://doi.org/10.1136/lupus-2019-000365
https://doi.org/10.1002/acr.23445


6. Arora S, Isenberg DA, Castrejon I. Measures of adult systemic lupus ery-
thematosus: disease activity and damage. Arthritis Care Res (Hoboken)
2020;72(suppl 10):27–46. doi:https://doi.org/10.1002/acr.24221

7. Askanase AD, Aranow C, Kim MY, et al. Protocol for virtual physical
examination in an observational, longitudinal study evaluating virtual
outcome measures in SLE. Lupus Sci Med 2023;10(2):e000952.
doi:https://doi.org/10.1136/lupus-2023-000952

8. Askanase AD, Daly RP, Okado M, et al. Development and content
validity of the Lupus Foundation of America rapid evaluation of activity
in lupus (LFA-REAL™): a patient-reported outcomemeasure for lupus
disease activity. Health Qual Life Outcomes 2019;17(1):99. doi:
https://doi.org/10.1186/s12955-019-1151-8

9. David T, Su L, Cheng Y, et al; International Collaborating Clinics Con-
sortium; MASTERPLANS Consortium. Predictors of British Isles
Lupus Assessment Group-based outcomes in patients with systemic
lupus erythematosus: analysis from the Systemic Lupus International
Collaborating Clinics Inception Cohort. Lupus 2023;32(9):1043–
1055. doi:https://doi.org/10.1177/09612033231183273

10. Ugarte-Gil MF, Gamboa-Cardenas RV, Re�ategui-Sokolova C, et al.
Evaluation of the LFA-REAL clinician-reported outcome (ClinRO) and
patient-reported outcome (PRO): data from the Peruvian Almenara
Lupus Cohort. Lupus Sci Med 2020;7(1):e000419. doi:https://doi.
org/10.1136/lupus-2020-000419

11. Askanase A, Kapoor T, Aranow C, et al. The Lupus Foundation of
America Rapid Evaluation of Activity in Lupus (LFA-REAL) instru-
ment correlates between trained clinical investigators and clini-
cians [abstract]. Arthritis Rheumatol 2015;67(suppl 10). https://
acrabstracts.org/abstract/the-lupus-foundation-of-america-
rapid-evaluation-of-activity-in-lupus-lfa-real-instrument-
correlates-between-trained-clinical-investigators-and-clinicians/

12. Hochberg MC. Updating the American College of Rheumatology
revised criteria for the classification of systemic lupus erythematosus.
Arthritis Rheum 1997;40:1725. doi:https://doi.org/10.1002/art.
1780400928

13. Yee CS, Cresswell L, Farewell V, et al. Numerical scoring for the
BILAG-2004 index. Rheumatology (Oxford) 2010;49(9):1665–1669.
doi:https://doi.org/10.1093/rheumatology/keq026

14. Petri M, KimMY, Kalunian KC, et al; OC-SELENA Trial. Combined oral
contraceptives in women with systemic lupus erythematosus. N
Engl J Med 2005;353(24):2550–2558. doi:https://doi.org/10.1056/
NEJMoa051135

15. Jesus D, Rodrigues M, Matos A, et al. Performance of SLEDAI-2K to
detect a clinically meaningful change in SLE disease activity: a
36-month prospective cohort study of 334 patients. Lupus 2019;
28(5):607–612. doi:https://doi.org/10.1177/0961203319836717

PERFORMANCE OF LFA-REAL IN MONITORING LUPUS ACTIVITY 1423

https://doi.org/10.1002/acr.24221
https://doi.org/10.1136/lupus-2023-000952
https://doi.org/10.1186/s12955-019-1151-8
https://doi.org/10.1177/09612033231183273
https://doi.org/10.1136/lupus-2020-000419
https://doi.org/10.1136/lupus-2020-000419
https://acrabstracts.org/abstract/the-lupus-foundation-of-america-rapid-evaluation-of-activity-in-lupus-lfa-real-instrument-correlates-between-trained-clinical-investigators-and-clinicians/
https://acrabstracts.org/abstract/the-lupus-foundation-of-america-rapid-evaluation-of-activity-in-lupus-lfa-real-instrument-correlates-between-trained-clinical-investigators-and-clinicians/
https://acrabstracts.org/abstract/the-lupus-foundation-of-america-rapid-evaluation-of-activity-in-lupus-lfa-real-instrument-correlates-between-trained-clinical-investigators-and-clinicians/
https://acrabstracts.org/abstract/the-lupus-foundation-of-america-rapid-evaluation-of-activity-in-lupus-lfa-real-instrument-correlates-between-trained-clinical-investigators-and-clinicians/
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1093/rheumatology/keq026
https://doi.org/10.1056/NEJMoa051135
https://doi.org/10.1056/NEJMoa051135
https://doi.org/10.1177/0961203319836717


R E V I EW A R T I C L E

Clinical Significance of Therapeutic Drug Level Monitoring
for Mycophenolate in Patients With Extrarenal Systemic
Lupus Erythematosus—A Systematic Review and
Meta-Analysis

Zahraa Qamhieh, MD,1 Dalia Sriwi, MD,1 Callie Saric, BS,1 Tripti Singh, MD,1 Christie M. Bartels, MD, MS,1

and Shivani Garg, MD, PhD1,2

Objective. Clinical response to mycophenolic acid (MPA) is highly heterogeneous; thus, therapeutic drug level
monitoring (TDM) may help improve treatment efficacy. This systematic review and meta-analysis examined therapeu-
tic ranges for MPA levels associated with better outcomes and safety in patients with systemic lupus erythematosus
(SLE), particularly those with extrarenal manifestations.

Methods. We performed a comprehensive search of studies evaluating associations between MPA levels and clin-
ical SLE response. Using forest plots, we calculated pooled odds of clinical response by MPA levels and measured the
weighted mean differences across outcomes. Analysis was performed in all patients with SLE and separately in
patients with extrarenal manifestations.

Results. Among 459 reviewed abstracts, 24 met inclusion. Summarized evidence supported that clinical
response was observed at MPA area under the curve at 0 to 12 hours (AUC0–12) ≥30 to 35 mg hr/L or trough con-
centration (Ctrough) ≥1.5 mg/L. At these thresholds, therapeutic MPA levels were associated with 12-fold higher
odds (95% confidence interval [CI] 5.44–27.35; P < 0.0001; I2 = 41%) of overall clinical SLE response and 15-fold
higher odds (95% CI 4.74–46.89; P < 0.0001; I2 = 61%) of response in patients with extrarenal manifestations.
Additionally, MPA levels were 32 units higher (95% CIs 17.35–45.67) in overall responders with SLE and 39 units
(95% CI 15.05–62.53) higher in patients with extrarenal manifestations. Although pooled analysis did not show a
significant increase in adverse events, individual studies suggested safety concerns at MPA AUC0–12 >60 mg
hr/L or Ctrough ≥2.5 to 3 mg/L

Conclusion. This study highlights the clinical utility of TDM to guide MPA dosing to balance efficacy versus safety
in all patients with SLE, including those with extrarenal manifestations.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a life-threatening

autoimmune disease that disproportionately affects young female

individuals and is a leading cause of premature death in young

women.1,2 Therefore, precise treatment is crucial to prolong

disease-free and damage-free survival in all patients.3 As the

SLE treatment armamentarium continues to expand, mycophe-

nolic acid (MPA) remains a key therapeutic for both renal and

extrarenal manifestations of SLE.4,5 However, studies have

shown a significant heterogeneity in treatment response with fixed

MPA dosing, resulting in variability in SLE outcomes and adverse

events.6,7 Such heterogeneity in treatment response to MPA

may be explained by a myriad of clinical factors. These include

dose, drug absorption, metabolism, clearance, interactions,

genetics, specific disease manifestations, and treatment adher-

ence at individual patient level.8 Therapeutic drug level monitoring

(TDM) of MPA could circumvent this dilemma by bypassing
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clinical variables. This will help optimize MPA dosing per individual

patient factors to balance safety and efficacy.9,10

TDM has been successful in renal transplant and lupus
nephritis (LN) to guide safe and effective dosing of tacroli-
mus.11,12 A similar strategy could be leveraged for MPA in SLE,
in which accurate estimates of MPA plasma concentration could
guide optimal MPA dosing. However, TDM of MPA is not rou-
tinely used during SLE visits because (1) it is unclear how MPA
levels should be routinely measured during visits (eg, area under
the curve [AUC] vs trough concentration [Ctrough] vs peak con-
centration), (2) thresholds or therapeutic ranges for MPA levels
that are associated with better SLE outcomes versus lower
adverse events are largely unknown, and (3) limited data are
available regarding clinical variables that might influence MPA
plasma concentrations. A recent meta-analysis shed new evi-
dence to address existing gaps in TDM for MPA in patients with
LN, but results were limited to renal outcomes.13 Given that
MPA is a key medication for moderate–severe extrarenal SLE
manifestations,14 similar data on TDM for extrarenal manifesta-
tions are needed. Objectives of this meta-analysis and systemic
review were to (1) examine therapeutic thresholds for MPA levels
that are associated with better outcomes and safety in all
patients with SLE, and particularly those with extrarenal SLE
manifestations, (2) identify clinical variables that affect MPA
plasma concentrations to inform dosing and enhanced monitor-
ing in those subgroups, and (3) clarify reliable methods that can
be used to measure MPA levels in clinics.

MATERIALS AND METHODS

A comprehensive literature search was performed using
Medical Subject Headings (MeSH) headings and keywords in
the Medline, Embase, CINAHL, clinicaltrials.gov, and Web of Sci-
ence databases with references reviewed. Results were limited to
articles published between January 1, 1990, and April 30, 2024.
The search included the MeSH and keywords “systemic lupus
erythematosus” OR “lupus” OR “SLE” OR “lupus nephritis” OR
“lupus vasculitis” OR “CNS lupus” OR “discoid lupus” OR “cuta-
neous lupus” AND “concentrations” OR “weight” OR “mea-
sures” OR “levels” OR “quantification” AND “mycophenolate”
OR “mycophenol” OR “Cellcept” OR “MMF.” Additional studies
were identified through checking the references of articles
included for full text review using Medline, Web of Science, and
CINAHL. Finally, we manually searched the references and cita-
tions in reviews, meta-analysis, expert opinions, and articles
selected for full text review until we achieved saturation in results
and no new studies were identified. We did not filter studies by
language. Study screening was performed using Covidence, after
which included studies were organized into an Excel sheet for
data abstraction.

During the initial screening, two independent reviewers
(DS and CS) screened the retrieved articles by reading the titles
and abstracts to identify the studies that met the a priori list of
inclusion criteria (Supplementary Table 1). Any discrepancy in
the decision to include a study was resolved by an independent
reviewer (SG). We included observational and interventional stud-
ies on human participants, measuring an association between
MPA levels and clinical response (efficacy or safety) in patients
with SLE with extrarenal or renal manifestations. Both mycophe-
nolate mofetil (MMF) and MPA were considered. Case reports,
expert opinions, narrative reviews, and conference abstracts
were excluded. The Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guidelines and checklist were
used for the literature identification process15 (Supplementary
Figure 1). A detailed protocol can be found on PROSPERO
(CRD42024525955). Quality assessment of observational studies
used the Newcastle–Ottawa scale (good: 7–9; fair: 4–6; poor:
0–3).16 The Cochrane Collaboration Risk Assessment tool was
used for interventional studies.17 Certainty of evidence for each
outcome was evaluated using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) frame-
work.18 An overall score was generated using the standard guide-
lines on quality assessment from the Agency of Healthcare
Research and Quality and the Cochrane handbook.19 Two
reviewers (DS and CS) independently performed quality
assessments, and discrepancies were resolved by the third
reviewer (SG).

A data extraction form was developed and pilot tested by the
lead investigator (SG). Data abstraction form was then used by
two independent reviewers (DS and CS) to abstract an a priori list

SIGNIFICANCE AND INNOVATIONS
• This systemic review and meta-analysis suggest the

potential clinical significance of maintaining myco-
phenolic acid (MPA) levels above a threshold of
30 mg hr/L area under the curve at 0 to 12 hours
(AUC0–12) and concentration at 12 hours (C12) >1.5
mg/L to maximize clinical response in systemic
lupus erythematosus (SLE) and lupus nephritis
(LN), as patients above this cutoff demonstrated
12- to 15-fold higher odds of response, including in
those with extrarenal manifestations.

• Additionally, patients with MPA levels above 30 mg
hr/L AUC0–12 and C12 >1.5 mg/L had a significant
seven-point reduction in SLE disease activity.

• Adverse event rates were not significantly higher at
these levels in pooled analysis, though some indi-
vidual studies suggested potential toxicity at MPA
levels AUC0–12 >60 mg hr/L and trough concentra-
tion >2.5 to 3 mg/L.

• Therapeutic MPA levels could be used for clinic
monitoring to ensure safe and effective MPA use in
SLE. However, longitudinal prospective studies are
needed to validate these findings and establish a
roadmap to personalize dosing in SLE and LN, bal-
ancing safety and efficacy.
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of variables including patient demographics, disease characteristics,
mycophenolate dose, concomitant SLE therapies, disease activity,
response criteria, response rate, other clinical variables (eg, esti-
mated glomerular filtration rate [eGFR], albumin), MPA levels and
measurement method, adverse events (toxicity), and other relevant
outcomes. When appropriate, authors of the studies were con-
tacted for additional information. Disagreements were settled by
two reviewers (ZQ and SG). Studies comparing clinical response in
SLE manifestations with higher or therapeutic mycophenolate levels
versus a comparator group were included in the meta-analysis. If
no comparator group was present, then the findings were systemat-
ically reviewed, and narrative synthesis was performed. Given the
study design and use of published de-identified aggregate data for
pooled analysis, this study was exempted for a review by the Univer-
sity of Wisconsin, Madison, Institutional Review Board office.

Research question. Our research question, structured
using the population, intervention, comparator, outcome (PI[E]
CO) framework, focused on patients with SLE, including both
extrarenal and renal manifestations. We examined whether higher
or therapeutic MPA levels, compared with lower or subtherapeu-
tic levels, were associated with clinical response, disease activity
scores, adverse events, and variability in MPA concentrations.

Primary objective: identify therapeutic thresholds
forMPA levelmonitoring in SLE. The primary objective of this
systematic review and meta-analysis was to define therapeutic
thresholds for MPA levels that are associated with safe and effec-
tive MPA use in patients with SLE. We examined the following:

1. associations between MPA levels and clinical response in
patients with extrarenal SLE and in all patients with SLE
(renal and extrarenal),

2. MPA levels and adverse event occurrence in patients with
extrarenal SLE and in all patients with SLE including both
extrarenal and renal SLE outcomes.

Secondary objectives: clinical variables that affect
MPA levels. To understand how clinical variables impact MPA
plasma concentrations and how MPA levels can be measured or
performed during clinic visits, we did the following:

1. examined associations among clinical variables such as
ethnicity, eGFR, albumin, MPA dose, other medicines,
and MPA plasma concentrations,

2. summarized data on different methods that were used to
measure MPA levels and the potential clinical utility of
each method to inform TDM intervention for routine visits.

Statistical analysis.We examined the pooled odds of clin-
ical response in patients with extrarenal SLE manifestations and
overall SLE (renal and extrarenal) by high or therapeutic MPA
levels versus low or subtherapeutic MPA levels. We defined clinical

response in patients with extrarenal SLE manifestations per primary
studies: (1) active SLE or SLE flare defined as British Isles Lupus
Assessment Group A or B score,20 (2) active SLE defined as Sys-
temic Lupus Erythematosus Disease Activity Index (SLEDAI),21

(3) markers of SLE disease activity (low complements and high
double-stranded DNA antibody), and (4) SLE response defined by
Lupus Low Disease Activity State.22 For LN, definitions included
the following: (1) Kidney Disease Improving Global Outcomes com-
plete or partial renal remission and renal or LN flare criteria,23 and
(2) American College of Rheumatology (ACR) complete or partial
renal remission and renal or LN flare criteria.24 Clinical response out-
comes were analyzed separately. To define safe MPA levels, we
compared MPA levels in those with versus without adverse events.

For all analysis, we used forest plots to calculate the pooled
odds ratios (ORs; 95% confidence interval [CI]) of clinical
response in higher or therapeutic mycophenolate levels versus
lower or subtherapeutic levels. Additionally, pooling data from
studies reporting differences in MPA levels by clinical response,
we calculated the weighted mean difference (95% CIs) in MPA
levels by clinical response. Finally, we also calculated weighted
mean difference (95% CIs) in SLEDAI score by MPA levels when
available. A narrative synthesis was performed for studies without
a comparator group or without aggregate data by clinical
response or MPA levels. All analyses were completed using a
random-effects meta-analysis model and tau2 was calculated
using the restricted maximum likelihood method from the metafor
package in R (version 3.4.1).25 This model and tau2 method
account for between-study heterogeneity by estimating a vari-
ance component for the true effect size across studies, and it
appropriately weights studies based on their sample size and
design characteristics. Heterogeneity was assessed using I2. We
performed sensitivity analysis stratified by study design to assess
the robustness of our findings. Publication bias was evaluated by
generating funnel plots. For each objective, certainty of evidence
was rated using GRADE recommendations.

RESULTS

Study characteristics. Our literature search yielded
451 articles plus 9 additional articles through manual search. After
removing duplicates, 459 articles were included in the initial
screening (Supplementary Figure 1). Next, 42 studies met the
priori inclusion criteria to determine eligibility for a full text review
(Supplementary Table 1). Ultimately, 24 studies were selected
for final date extraction and quality assessment,6,26–48 prospec-
tive cohort (n = 12),6,28,31,33,35–37,39,40,45,47 retrospective cohort
(n = 10),26,27,29,30,32,34,42,43,46,48 clinical trial (n = 1),38 and cross-
sectional (n = 1).41 To avoid duplication, we did not include data
abstracted from prior systematic reviews. Instead, we reviewed
the original primary studies directly and extracted data from these
articles.13 A total of 24 observational studies were single center,
9 were completed in Europe,6,26,30,31,34,36,39,44,47 13 were
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completed in Asia,27–29,32,33,35,37,38,40–43,45,46,48 and all were
conducted after 2008 (Table 1). The overall Newcastle–Ottawa
scale for risk of bias assessment showed 16
“good,“6,26,28,29,31,32,35,37–39,41–43,45–48 4 “fair,“27,33,34,44 and
3 “poor”30,36,40 (Table 1).

Study population and disease characteristics. Patient
demographics per individual studies are summarized in
Table 1. Approximately 940 patients with SLE were included.
The mean age across studies ranged from 11.7 years (pediatric
cohort) to 47 years (adult cohort). The proportion of female
participants ranged from 61% to 100%. Among included
studies, extrarenal SLE outcomes were assessed in 11
studies6,27,30,31,33,36,39,41,43,47,48 (including 1 study that used sero-
logical parameters to define active SLE36), whereas 13 studies
examined renal outcomes.26,28,29,32,34,35,37,38,40,42,44–46

Association between MPA levels and extrarenal SLE
outcomes. A total of 10 studies examined association between
MPA levels and extrarenal SLE outcomes.6,27,30,31,33,36,39,43,47,48
6,27,30,31,33,36,39,43,47,48 We performed three different pooled anal-
yses (Table 2). First, we calculated OR (95% CI) of extrarenal SLE
response by higher or therapeutic MPA levels including data from
four studies (Figure 1).6,30,31,43 This analysis showed 15-fold
higher pooled odds of response in groups with higher or thera-
peutic MPA levels (pooled OR 14.91, 95% CI 4.74–46.89;
P < 0.0001; I2 = 61%; Figure 1). Next, we calculated weighted
mean difference (95% CI) in MPA levels by SLE response using
data from six studies (Figure 2).6,27,36,39,43,47 We found that
MPA levels were higher in responders’ versus nonresponders’
with a weighted mean difference of 38.79 units (95% CI 15.05–
62.53); P = 0.014; I2 = 91%; Figure 2). Finally, we calculated the
weighted mean difference in SLE disease activity scores by higher
or therapeutic MPA levels, including data from four studies that
used the same SLEDAI.6,33,43,48 In this analysis, SLEDAI score
was seven points lower in groups with higher or therapeutic MPA
levels (weighted mean difference 6.87, 95% CI 2.74–19.99;
P = 0.0011; I2 = 92%; Figure 3). Certainty of evidence was rated as
very low for extrarenal outcomes by GRADE, primarily due to impre-
cision and study limitations. One study, not included in the meta-
analysis, noted a significant difference in the mean MPA AUC at
0 to 12 hours (AUC0–12) levels between active versus inactive pediat-
ric patients with SLE (69 vs 38 μg h/mL; P = 0.003).41

Association between MPA levels and overall
(extrarenal and renal) SLE outcomes. A total of 15 studies
examined the association between MPA levels and overall SLE out-
comes (renal and extrarenal; Table 2).6,26,27,30–32,34–36,39,41,43,45–47

We performed two pooled analyses. The first analysis showed a
weight mean difference of 32 in MPA levels in responders compared
to nonresponders (95%CI 17.35–45.67;P ≤ 0.0001; I2 = 81%; Sup-
plementary Figure 2).6,26,27,32,34–36,39,41,43,45,47 The second analysis

estimated 12.2-fold higher odds of overall SLE response (renal
response and extrarenal response) by higher or therapeutic MPA
levels including data from seven studies (95% CI 5.44–27.35; P <
0.0001; I2 = 41%; Supplementary Figure 3).6,26,30,31,34,43,46 Certainty
of evidence was rated as very low for overall SLE outcomes by
GRADE, primarily due to imprecision and study limitations. Narrative
synthesis of one study revealed that MPA Ctrough (concentration at
zero hours [C0]) between 2 and 5 μg/mL were not associated with
reduced LN flare frequency over 6 to 41 months.40

Association between MPA levels and adverse
events. Three studies examined associations between MPA levels
and adverse events in patients with extrarenal SLE (Table 2).6,31,36

Our pooled analysis did not demonstrate a statistically significant
increase in toxicity for threshold of 60 mg hr/L AUC0–12 and ≥3
mg/L MPA Ctrough (pooled OR 1.16, 95% CI 0.45–2.99; P = 0.77;
I2 = 0%; Figure 4). Certainty of evidence was rated as very low for
adverse events by GRADE, primarily due to imprecision and study
limitations. Narrative synthesis of data revealed that the most fre-
quently cited adverse events were gastrointestinal symptoms, fol-
lowed by cytopenia and infections. Five studies reported no
associations between MPA levels and adverse events.6,34,35,37,40

One noted higher median MPA maximum MPA concentration
among serial measurements (Cmax) and AUC0–12 levels in patients
experiencing gastrointestinal side effects (median MPA Cmax in
patients with vs without adverse events 26.3 vs 12.3 μg/mL) versus
(median MPA AUC0–12 in those with vs without adverse events 63.4
vs 45.3 μg h/mL).42 Another study reported that 37.5% of patients
developed mild adverse events at a range of MPA AUC0–12 60 to
90 mg hr/L.34 Meanwhile, a study including patients from Southeast
Asia noted a significant correlation between cytopenia and higher
MPA levels (median AUC0–12 37.8 mg I−1; P = 0.038).45

Sensitivity analysis and publication bias. In sensitivity
analyses restricted to prospective or retrospective cohorts, thera-
peutic MPA levels remained consistently associated with greater
odds of clinical response, supporting the robustness of our find-
ings. Visual inspection of funnel plots (Supplementary Figures 4–9)
suggests possible publication bias across analyses.

Association between MPA levels and clinical
variables. Four examined clinical variables that might affect
MPA levels included serum albumin (n = 9), weight (n = 3), eGFR
(n = 3), and concomitant steroid use (n = 2; Tables 1 and 2). A
linear correlation between MPA levels and serum albumin was
noted in four studies; two studies reported a weak correlation
(R2 = 0.22 and R2 = 0.28; P = 0.017 and 0.002); five studies
noted no correlation between albumin and MPA
levels.6,26,30,36,37,41,43,46,47 Additionally, MPA levels did not
correlate with weight in two studies (one study observed a
weak linear correlation between MPA levels and dose per body
weight, R2 = 0.129; P = 0.037).26,36,37 One study found a
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significant association between MPA levels and prednisone
use (strength of association not reported).43 Direct correlation
between MPA levels and adherence was not measured. One

study noted single-nucleotide polymorphism (SNP)
rs2273697 A/G genotype was linked with lower MPA expo-
sure, warranting higher MPA dosing.28 One study reported a

Figure 1. Forest plot showing the odds of clinical response in patients with systemic lupus erythematosus (SLE) with extrarenal manifestations
by target mycophenolic acid (MPA) levels. AUC(0–12), area under the curve at 0 to 12 hours; CI, confidence interval; GRADE, Grading of Recom-
mendations Assessment, Development, and Evaluation; OR, odds ratio.

Figure 2. Forest plot showing the weighted mean difference in mycophenolic acid (MPA) levels by clinical response in patients with systemic
lupus erythematosus with extrarenal manifestations. CI, confidence interval; GRADE, Grading of Recommendations Assessment, Development,
and Evaluation.

Figure 3. Forest plot showing the weighted mean difference in systemic lupus erythematosus (SLE) disease activity by higher or therapeutic
mycophenolic acid (MPA) levels in patients with SLE with extrarenal manifestations. AUC(0–12), area under the curve at 0 to 12 hours; CI, confi-
dence interval; C(trough), trough concentration; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; SLEDAI, Sys-
temic Lupus Erythematosus Disease Activity Index.
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need to increase the MMF dose from 1 to 2 g/day to achieve a
target MPA AUC0–12 range of 30 to 60 mg hr/L.37

Measuring MPA levels and therapeutic threshold or
therapeutic range forMPA levels.MPA levels weremeasured
using liquid chromatography in 9 studies,6,26,30,33,34,37,41,44,46

both mass spectrometry and liquid chromatography in 4
studies,32,39,45,47 and enzyme assays in 10 studies,27,28,31,35,
36,38,40,42,43,48 and 1 study did not specify their measurement
technique.29 MPA levels were measured in plasma in 18
studies26,27,29–35,38–41,43–47 and serum in 6 studies.6,28,36,37,42,48

Studies used different methods of measuring MPA. To elabo-
rate, AUC MPA levels estimated MPA levels over a time period to
obtain a dose: time AUC MPA concentration (AUC time period in
hours) was the most common measurement method. A total of
13 studies reported AUC0–12, 1 study reported AUC0–24, whereas
one study measured AUC0–4 and AUC0–3.

6,26,27,30,33–38,42–46 Two
studies reported and used the Cmax.

42,45 Other studies measured
MPA predose concentration (C0).

36,39,40 Time-dependent assays
measured a singleMPA level at 1 hour afterMPAdose (C1), 0.5 hours
after the last dose (C0.5), and 6 and 12 hours from the last dose (C6

and C12).
28,29,31,38,46,47

Therapeutic thresholds or therapeutic ranges for MPA levels
varied across studies. The most used therapeutic threshold was
MPA AUC0–12 >30 mg hr/L,33,37 and a reference range of 30 to
60 mg hr/L was commonly used. Two studies used a therapeutic
range of MPA AUC0–12 45 to 60 mg hr/L42 and 60 to 90 mg
hr/L.34 Studies reporting a single MPA predose concentration
(C12) commonly used therapeutic ranges between 1 and 2.5
mg/L (Tables 1 and 2). Therapeutic ranges and thresholds for
MPA AUC0–12 and C0.5–1 levels are shown in Tables 1 and 2.

DISCUSSION

MPA is a key therapeutic in the SLE treatment armamentarium,
yet clinical effectiveness and safety of MPA are heterogeneous due

to variability in absorption, metabolism, drug interactions, and other
clinical factors.8 TDM of MPA could pose a solution for this conun-
drum by guiding safe and effective dosing of MPA. Our study
emphasizes the clinical significance of monitoring MPA levels in all
patients with SLE, including extrarenal and renal manifestations. This
meta-analysis noted 12-fold higher odds of overall SLE response in
patients with an MPA level cutoff ≥30 to 35 mg hr/L AUC0–12 or
≥1.5 mg/L Ctrough. In patients with extrarenal manifestations, this
MPA threshold was associated with significantly higher 15-fold odds
of clinical response as well as a seven-point reduction in SLEDAI
score (95% CI 2.7–11). Additionally, we found MPA levels were
32 units higher (95% CI 17.35–45.67) in overall responders and
39 units (95% CI 15.05–62.53) higher in patients with extrarenal
SLE manifestations. Our pooled analysis of adverse events did not
demonstrate a statistically significant increase in toxicity at higher
exposures (MPA AUC0–12 60 mg hr/L and Ctrough ≥2.5–3 mg/L).
Synthesizing these findings, the evidence supports maintaining
MPA levels ≥30–35 mg hr/L AUC0–12 or 1.5–2.5 mg/L C12 trough
is associated with better clinical response. Although data suggest
that adverse events may emerge at MPA levels beyond 60 mg hr/L
MPA AUC0–12 and ≥2.5 to 3 mg/L Ctrough. The findings of this
meta-analysis and systematic review underscore the importance of
TDM for MPA during routine SLE visits including both renal and
extrarenal manifestations and could guide MPA dosing, balancing
safety versus efficacy in SLE. Additionally, higher-quality longitudinal
studies are needed to confirm these findings and inform a workflow
for clinical adoption and to guide MPA dosing in SLE.

The 2023 update from EULAR14 recommends MPA as one
of the key therapeutics for management of SLE. Specifically, in
extrarenal SLE, the European Renal Association guidelines rec-
ommended MPA as first-line therapy for moderately active sys-
temic lupus (SLEDAI > 6).14 Additionally, the 2024 ACR
guidelines recommends mycophenolate as the preferred back-
bone therapy in the triple-regimen recommendation for patients
with class III/IV LN with significant proteinuria.50 However, there
is variability in plasma concentrations of MPA, resulting in

Figure 4. Forest plot showing odds of adverse events/toxicity in patients with systemic lupus erythematosus with extrarenal manifestations by target
or higher mycophenolic acid (MPA) levels. AUC(0–12), area under the curve at 0 to 12 hours; C(12), concentration at 12 hours; CI, confidence interval;
GRADE, Grading of Recommendations Assessment, Development, and Evaluation; OR, odds ratio. *Zahr et al6 excludes patients with low levels and
cytopenia due to active lupus; ^C(0) was used for safety analysis given strong R association between C(0) and AUC(0–4) per study.
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heterogeneity in clinical response. Moreover, arbitrarily increasing
MPA doses can result in toxicity, particularly in groups who are at
higher risk of side effects from MPA. Thus, titration of MPA dose
based on individual patient factors is needed to balance efficacy
and safety in clinical practice.8,36,37 TDM can streamline titration
of MPA dose, which is widely used in transplant and allows for
personalizing MPA dose and reduces the risk of treatment failure
by 39%.51 Likewise, in LN, a recent meta-analysis reported
3.2-fold higher odds (95%CI 1.2–8.4) of renal response with ther-
apeutic MPA levels (AUC0–12 30–60 mg hr/L).13 Similar data are
lacking for extrarenal manifestations of SLE—more than 50% of
patients with SLE. In the absence of such data, patients with
extrarenal SLE manifestations often receive suboptimal dosing,
thus increasing the risk of flares or adverse events. Supporting
this, Woillard et al and Zahr et al both reported low or subthera-
peutic MPA plasma levels with standard or fixed MPA dosing
resulting in higher lupus flares or active lupus (SLEDAI > 6).6,30

Our meta-analysis highlights the potential impact of TDM in SLE
by reporting 15-fold higher pooled odds (95% CI 4.74–46.89) of
clinical response with higher MPA levels. Across individual stud-
ies, efficacy was most consistently observed at exposures above
AUC0–12 >30 to 35 mg hr/L or MPA C12 trough >1.5 mg/L, partic-
ularly in patients with SLE with extrarenal manifestations. Higher
MPA exposures were also associated with a seven-point reduc-
tion in SLE disease activity (95% CI 2.74–19.99); extrarenal
responders had 39 mg hr/L higher MPA levels compared to non-
responders (95% CI 15.05–62.53).

Upon summarizing evidence on toxicity, we noted no signifi-
cant associations between higher cutoff/threshold of 60 mg hr/L
AUC0–12 and ≥3 mg/L MPA Ctrough (pooled OR 1.16, 95% CI
0.45–2.99; P = 0.77). Similar findings were noted in a recent study
in which the weight mean difference (5.1, 95% CI −5.2 to 15.4) in
MPA levels did not differ in patients with versus without adverse
events.13 Although pooled evidence revealed no statistically sig-
nificant associations, two studies reported an inverse relationship
with cytopenia (anemia) and infections with higher median MPA
AUC0–12 levels (37.8 mg I−1)45 and higher MPA C12 levels
(4.3 mg/L).28 Side effects or adverse events reported in both studies
were mild and reversible. No life-threatening events were reported
with higherMPA levels. These studies also noted that adverse events
could depend on clinical factors such as prednisone dose, Ig level, or
variability in drug metabolism due to genotypic variations (SNP
rs2273697 A/G genotype).28 Certainty was rated as low across
studies. These ratings highlight that although associations were con-
sistent, the strength of evidencewas limited and underscored a need
for higher-quality longitudinal studies.

A final question that needs to be answered to empower clini-
cians to use MPA level monitoring in SLE visits is how and when to
measure MPA levels. Target levels and reporting methods varied
among the studies; however, MPA AUC0–12 was the most fre-
quently used, and a therapeutic threshold of >30 mg hr/L was
recommended by several studies for clinical use. One study noted

better response rates with MPA AUC0–12 levels in the 60 to 90 mg
hr/L range.34 The feasibility of using MPA AUC0–12 in clinics is
questionable given that calculating an AUC0–12 requires multiple
samples at different intervals following MPA administration. Alter-
natively, a 12-hour trough MPA level might be easier to reproduce
and was the second most common method used.36,39,40,43 It
was noted that maintaining MPA C12 levels at or above 1.5 mg/L
was associated with fewer flares and better clinical response.
Future studies on the clinical significance and reliability of main-
taining levels within the aforementioned therapeutic ranges are
needed.

Despite strengths of this study including analyzing the use of
TDM of MPA to improve SLE treatment efficacy and balance
safety, particularly in patients with extrarenal manifestations, we
acknowledge our limitations. First, most studies were conducted
in Europe or Asia; only two studies were done in the
United States.29,33 This could impact generalizability of the sum-
marized evidence. Second, high heterogeneity (I2 90%) was
observed among studies. However, heterogeneity reduced after
including only patients with extrarenal manifestations. To further
address heterogeneity, we performed sensitivity analysis
restricted to prospective or retrospective cohort studies. These
confirmed that therapeutic MPA levels were consistently associ-
ated with greater odds of clinical response, supporting the
robustness of our findings despite variation in study design. Third,
most studies used the MPA AUC0–12 reporting method; however,
real-world clinical feasibility could be limited. MPA C12 levels could
be feasible, but only three studies measured it. Fourth, only a lim-
ited number of studies examined the longitudinal impact and fea-
sibility of using MPA levels in clinics; thus, further data are needed
on when and how frequently MPA levels should be monitored
during SLE visits. Fifth, the absence of patient-reported outcomes
measures in the included studies limits the ability to evaluate the
patient perspective on treatment benefit. Finally, as reflected in
our GRADE assessment, the certainty of evidence was very low
across outcomes, further emphasizing the need for additional lon-
gitudinal studies.

In conclusion, in this systemic review and meta-analysis, high
or therapeutic MPA levels were associated with 15-fold higher
pooled odds of clinical response in patients with extrarenal SLE
and 12-fold higher odds of overall response in extrarenal and
renal outcomes. Additionally, a clinically significant seven-point
reduction in SLE disease activity was noted with higher MPA
levels. Across individual studies and pooled analysis, efficacy
was most consistently observed at MPA AUC0–12 ≥30–35 mg
hr/L or C12 trough 1.5 to 2.5 mg/L. MPA AUC0–12 was a fre-
quently used method; however, 12-hour trough MPA levels might
be easier to adopt in nonresearch clinical settings. No statistically
significant association between adverse events and higher
thresholds was noted; however, several studies suggest that
adverse events may emerge at exposures beyond 60 mg hr/L
MPA AUC0–12 and ≥2.5 to 3 mg/L Ctrough. Future research should
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focus on defining a therapeutic range for MPA level that balances
safety and efficacy and examining the longitudinal impact of TDM
of MPA in SLE. These findings support the clinical utility of TDM to
guide precise MPA dosing to enhance efficacy in all patients with
SLE, including both extrarenal and renal manifestations. How-
ever, ideal testing method, timing of testing, cost-effectiveness,
and how to incorporate discussions on TDM to enhance shared
decision-making during SLE visits need to be further studied.
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Prevalence of Systemic Lupus Erythematosus in Australia,
2010–2022: A Population-Based Study Using Linked National
Administrative Health Data
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Objective. Systemic lupus erythematosus (SLE) is a heterogenous inflammatory condition with widely varying
global prevalence estimates. The frequency of SLE in the general population of Australia has been reported to be nota-
bly lower than contemporary estimates in countries such as the United States or United Kingdom, at 19 to 39 per
100,000 as opposed to 65 to 97 per 100,000. This study aimed to develop a national SLE cohort using linked adminis-
trative data sets and to estimate prevalence using this approach.

Methods. We developed an algorithm to identify SLE cases using the National Health Data Hub, a linked national
administrative data asset, which includes data on medications dispensed and medical services subsidized under
Australia’s universal subsidized coverage schemes, hospital admissions, and deaths. These classification criteria were
developed with an expert panel of rheumatologists. Individuals were classified as “certain,” “uncertain,” or “no SLE.”
Cohort characteristics were described, and period prevalence (2010–2022) was calculated.

Results. A cohort of 26,788 individuals with SLE were identified, which comprised 16,294 certain cases and 10,494
uncertain cases. The period prevalence of SLE in Australia from 2010 to 2022 was 77 to 127 per 100,000 (certain cases
or overall cases). Among the certain cases, just over half had received care for SLE only in an outpatient setting.

Conclusion. This is the first Australian SLE study using comprehensive linked administrative health data, and it
identified higher prevalence than previously reported, more closely aligning with international estimates. This algorithm
may serve as a foundation for future Australian and international studies seeking to identify SLE in administrative health
data sets.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a heterogenous sys-

temic autoimmune rheumatic disease (SARD), with female predom-

inance and a wide variety of manifestations. The underlying etiology

is thought to include both genetic and environmental factors.1

Tracking disease prevalence and regional variation can help uncover

possible disease triggers and improve health equity by allowing ser-

vice delivery to target areas with the most people affected. Given the

increasing therapeutic options2 and evidence for a “treat to target”
approach, the identification of a national cohort is valuable to allow

the study and benchmarking of health outcomes.
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Globally, there has been a broad range of prevalence esti-
mates reported for SLE, from 5.05 to 241 per 100,000.3,4 This
likely reflects true regional variation related to environmental and
genetic factors, as well as variation in data sources, definitions,
and methodology. As outlined in our recent systematic review,5

there are limited Australian data on SLE prevalence, with only four
studies of SLE in adults eligible for inclusion in a meta-analysis. All
of these were confined to northern Australia, with a specific
research focus on identifying SLE among Aboriginal and Torres
Strait Islander people. Furthermore, recruitment for most of these
studies was from a single town or hospital, and many of these are
two to three decades old. Meta-analysis of the existing data esti-
mated the prevalence of SLE in Australia at 19 to 39 per
100,000 in non-Aboriginal Australians6–9 and 54 to 166 per
100,000 in Aboriginal and Torres Strait Islander people. In con-
trast, the overall prevalence in the United States has been recently
estimated at 65 to 81 per 100,00010 and the United Kingdom at
97 to 107 per 100,000.11,12 Given its rarity, broad range of clinical
manifestations, and spectrum of severity, as well as the diverse
range of health care providers involved in diagnosis and manage-
ment, high-quality prevalence estimates for SLE are difficult to
obtain. Most prevalence studies rely on a regionally confined cen-
sus because random sampling approaches require prohibitively
large sample sizes.

Use of administrative health data for case identification pro-
vides an alternative approach.13 Administrative health data typi-
cally encompass information collected during health care
services by government agencies for administrative and billing
purposes. Examples include hospital admission data and birth
and death registries.14 These data can be linked to create a com-
prehensive record of an individual’s health service use. Linked,
population-wide data sets offer a powerful tool for evaluating dis-
ease prevalence, patient characteristics, service use, and out-
comes. Administrative data are widely used for disease
identification, but SLE’s clinical heterogeneity and varied manage-
ment result in nonuniform health service use, which complicates
case ascertainment. Furthermore, administrative health data

sources capture different types of information, with some more
related to health service contacts rather than diagnostic informa-
tion. Over a decade ago, a systematic review outlined these
challenges,15 and refining identification methods remains an
ongoing area of research.16–20 No comprehensive Australian
algorithms exist; most studies rely on a single diagnosis (usually
based on an International Classification of Diseases [ICD] code),
which has known limitations.17,21

Alternative cohort or registry data sources may provide com-
plementary information to help ascertain cases and study pat-
terns of care. In Australia, the Optimising Patient Outcomes in
Australian Rheumatology (OPAL) data set provides a source of
real-world data on patients.22 OPAL captures routine data from
over 200 rheumatologists practicing in private and public set-
tings.22 A 2023 OPAL study of 4,260 patients with SLE described
medication use, rheumatologist visit frequency, and demo-
graphics.22 Although OPAL predominantly reflects private care,
it remains a useful reference for understanding prescribing prac-
tices and frequency and timing of specialist visits. The aims of this
study were to identify a national cohort of people with SLE using
administrative health data, to describe cohort demographics and
health care use, and to estimate the prevalence of SLE in
Australia.

MATERIALS AND METHODS

Study population and design. This is a population-
based observational, data linkage study to identify and follow-up
with people diagnosed with or receiving health care for SLE in
Australia from July 1, 2010, to June 30, 2022.

Data sources. This study used a national linked administra-
tive health data platform, the National Health Data Hub (NHDH),
consisting of 11 data sets that are probabilistically linked at the
person level.23 These data sets include information from national
data collections and data collections from most Australian states
and territories, including New South Wales (NSW), Victoria (VIC),
Queensland (QLD), Tasmania (TAS), and South Australia (SA). All
data are deidentified before researcher access, and the NHDH
follows extensive data governance, privacy, and security proto-
cols, and the consent requirement is waived.23 Five of the
11 NHDH linked data sets were used in this study and are sum-
marized below and described in detail in Supplementary
Material 1:

1. The Medicare Benefits Schedule (MBS) data set
(Australia’s universal subsidized health care system),
including type, date, and cost of service but not including
test results.

2. The pharmaceutical benefits scheme (PBS) data set,
which captures data on medicines dispensed under the
national subsidy scheme and includes most prescription

SIGNIFICANCE & INNOVATIONS
• This article presents a novel electronic phenotyping

algorithm for systemic lupus erythematosus (SLE)
identification using administrative health data,
applicable to settings where outpatient diagnostic
codes are unavailable.

• Prevalence estimates identified using this cohort
(77–127 per 100,000) were substantially higher than
previously reported in Australia and comparable
with international figures, suggesting previous
under ascertainment.

• The resulting cohort, spanning hospital and non-
hospital settings, enables research on the full spec-
trum of SLE severity and health care use.
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medicines in routine clinical use in Australia. Unfortu-
nately, belimumab has never been PBS-listed, and anifro-
lumab was listed only after the study period, so the use of
these biologics is not captured.

3. The National Death Index (death data), which includes
facts and causes of death from statutory death
registrations.

4. Admitted patient care data drawn from the National Hos-
pital Morbidity Database (hospital data).

5. The National non-Admitted Patient episode-level (NAP)
data set, including records for public hospital patients
attending outpatient clinics.

There is variation in data availability by state: hospital and
NAP data collections did not include data from Western Australia
(WA) or the Northern Territory (NT), which comprise 11% of the
Australian population. Private hospital data for NSW, TAS, and
SA were absent, and the NAP data collection was absent for
SA. The impact of this on the overall cohort size was estimated
to be small (�4%) because of the layered nature of the algorithm
(Supplementary Materials 2 and 3).

Case identification. Individuals with SLE were identified
using an algorithm detailing specific inclusion and exclusion cri-
teria (Certain inclusion: two or more SLE hospital admissions
and more SLE than non-SLE SARD admissions; or one SLE hos-
pital admission plus a non-hospital SLE data point and more SLE
than non-SLE SARD admissions; SLE recorded on death data
plus a non-death SLE data point, or death before 2014; qualifying
specialist visit patterns, medication exposure thresholds, and at
least four dsDNA and complement tests. Uncertain inclusion: at
least one SLE hospital admission and more SLE than non-SLE
SARD admissions; SLE recorded on death data; and at least
three relevant specialist or general physician visits, at least two
dispensings of HCQ, azathioprine or mycophenolate, and at least
three dsDNA and complement tests. Exclusion: non-SLE SARD
listed as underlying cause of death where SLE was additional
only; three or more dispensing of a non-SLE approved DMARD
(i.e. TNFi); failure to meet the relevant visit, dispensing, MPR,
pathology, or corroboration thresholds.), consisting of a combina-
tion of SLE-related hospitalizations, MBS claims, death records,
and claims for dispensed medications (Figure 1 and detailed in
Supplementary Material 4). The algorithm has two rule sets, clas-
sifying individuals as having “certain” or “uncertain” SLE, allowing
the generation of upper and lower bound prevalence estimates.
Sensitivity analyses tested the robustness of the algorithm by
recalculating certain and uncertain SLE cohorts under alternative
rule sets. Decisions that changed cohort size by more than 10%
triggered a random review of 5% of affected records for adjudica-
tion of the rule based on clinician consultation (Supplementary
Material 5). Table 1 illustrates the data items extracted from each

data set, whereas Figure 1 illustrates how these were combined
to create the SLE identification algorithm.

Algorithm justification. Hospital data criteria were
informed by previously validated ICD-based approaches for SLE
identification,15,18,19,24,25 which demonstrate higher positive pre-
dictive value (PPV) with at least two SLE-coded hospital admis-
sions. We therefore required either multiple SLE-coded episodes
(hospital admissions) or a single SLE-coded episode and a sup-
porting outpatient SLE-related claim or medication (eg, hydroxy-
chloroquine) to meet our hospital criteria (Figure 1 and detailed in
Supplementary Material 2). Death data criteria were based on
ICD coded death certification (details in Supplementary Mate-
rial 6). The Australian data sets that capture outpatient service
use (MBS, NAP, and PBS) do not contain any diagnosis codes.
We therefore used a pragmatic and innovative approach to iden-
tify individuals who had solely outpatient management of SLE
(Figure 1), requiring them to meet criteria related to medication
history, outpatient specialist visits, and pathology testing. These
three criteria are outlined in Figure 1 and discussed below. These
criteria were informed by real-world data from the OPAL data set
on how a subset of Australian patients with SLE were treated22

and how each criteria was reviewed, refined, and approved by
the five rheumatologist authors, who have practiced across multi-
ple Australian states in the public and private sectors.

1. Medication history (Supplementary Material 7): Most
patients use hydroxychloroquine, mycophenolate, or aza-
thioprine during their SLE treatment.26,27 An individual
was classified as “using” a medication if their medication
possession ratio (MPR) was >0.8.28,29 Calculation of the
MPR is described in Supplementary Material 7. OPAL
data informed certain SLE usage durations,22 with the
certain SLE cohort requiring more than 20 months use
of hydroxychloroquine, more than 15 months of azathio-
prine, or more than 12 months of mycophenolate. To
avoid bias toward highly adherent individuals (real-world
data indicates that 51–90% of patients with SLE have an
MPR >0.8),30,31 the uncertain SLE inclusion rule was less
stringent, requiring two dispensings of hydroxychloro-
quine, mycophenolate, or azathioprine only. Individuals
with more than three dispensings of biologic or targeted
synthetic medications that have PBS indications
restricted to non-SLE inflammatory conditions (ie, tumor
necrosis factor [TNF] inhibitors or JAK inhibitors for rheu-
matoid arthritis or inflammatory bowel disease) were
excluded. The threshold of three dispensings was
selected based on clinical expert consensus that a short
therapeutic trial with a non-SLE medication may occur
when there is initial diagnostic uncertainty. Glucocorticoid
use was not required for enrollment because it is not spe-
cific for SLE.
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2. Outpatient specialist visits (Supplementary Material 3): In
Australia, patients with SLE are managed by rheumatolo-
gists, immunologists, nephrologists, and general physi-
cians, particularly in rural areas. As per the expert
clinician group consensus, stable patients are typically
seen annually, with increased visits during flares; how-
ever, a subset have frequent flare-related visits that are
followed by long gaps in follow-up. The certain SLE visit
criteria identify both those with stable, regular visits and
those with visit clusters between periods of minimal
follow-up. The uncertain SLE cohort only required three
visits at any time during the study period.

3. Pathology testing (Supplementary Material 8): Anti–dou-
ble-stranded DNA antibodies (dsDNA) and complement
level testing have been recommended to monitor SLE
disease activity32 because fluctuations are associated
with flares.33–35 Expert consultation suggested matching
the number of dsDNA and complement tests to the mini-
mum visit count per cohort, meaning that certain SLE

required four tests, and uncertain SLE required three
tests.

Statistical analysis. Descriptive statistics for socio-
demographic and health service use were reported for all SLE
cases. Sociodemographic characteristics included sex, age at
diagnosis, country of birth aggregated by region, geographic area
of remoteness, and socioeconomic disadvantage quintile based
on Australian Bureau of Statistics (ABS) Index of Relative Disad-
vantage.36 Measures of health care use comprising hospitaliza-
tions, medications dispensed, outpatient visits, and specialists
seen were determined. Observation time was defined as the
period from the first SLE-related item (Table 1) to death or end of
follow-up (July 31, 2022). Details of these variables are in Supple-
mentary Material 9.

Period prevalence (July 2010–July 2022) was calculated by
dividing all identified SLE cases in each state or territory by the
respective midpoint 2015 ABS population estimates, excluding
WA and NT. To determine incidence rates, the annual number of

Figure 1. Overview of SLE classification algorithm. Supplementary Material 4 presents the figure in a detailed table format. anti-dsDNA, anti–
double-stranded DNA antibodies; MBS, Medicare Benefits Schedule; NAP, non-admitted patient episode level data; PBS, Pharmaceutical Bene-
fits Scheme; SARD, systemic autoimmune rheumatic disease; SLE, systemic lupus erythematosus.
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SLE cases was calculated for each state and territory (excluding
WA and NT) from 2015 to 2019, allowing for a four-year lookback
period to exclude prevalent cases and a two-and-a-half-year min-
imum follow-up period. The incident date was defined as the first
month an individual met the algorithm criteria, and annual incident
cases were divided by the mid-year ABS population estimates37

and reported per 100,000 in the population. Incidence rates are
reported in Supplementary Material 10.

Individuals diagnosed before aged 15 years were excluded
because the adult-based algorithm may not apply due to different
care patterns. Also excluded were individuals with data errors (eg,
a data item appearing after death date or missing state of resi-
dence). For individuals who received care or who resided in multiple
states, the first state was used for prevalence calculations.

All data management and analyses were done in R, version
4.4. Ethics approval for this study was obtained from the NSW
Population and Health Services Research Ethics Committee
(2024/ETH01955) after approval from NHDH data custodians
(NG24-0090).

RESULTS

A total of 26,788 SLE cases were identified, of which 16,294
were certain SLE. Of the certain cases, approximately half met
outpatient criteria alone, and the remainder were identified by
combinations of criteria as demonstrated in Figure 2. Table 2 pre-
sents sociodemographic characteristic of the certain, uncertain,
and overall SLE cohort, who were predominantly female, with a
younger age structure, higher proportion of migrants, and lower
proportion of major city residence than the national average.38,39

Table 3 presents the health care use characteristics of the
cohort. In the certain SLE cohort, median observation time from
the first SLE-related claim to censoring (death or July 31, 2022)
was 12 years. There was a total of 2,356 deaths: 14.2 deaths
per 1,000 person-years. Just under half (46%) were ever hospital-
ized with SLE. The most dispensed medication was oral steroids,
with 100% of the cohort receiving at least one script for oral ste-
roids at some point during their median 11 years of observation.
Similarly, most (88%) of the cohort received at least one script
for hydroxychloroquine during the observation period. The pro-
portion of the cohort taking key SLE medications is presented in
Table 3. Because belimumab and anifrolumab were not PBS-
listed during the study period, data on their use are not available.
Of the certain cohort, 72% had seen a rheumatologist, 31% had
seen a nephrologist, and 24% had seen an immunologist. Other
specialties frequently consulted included obstetricians, dermatol-
ogists, ophthalmologists, and general physicians.

Table 4 presents the 2010 to 2022 period prevalence of SLE.
The period prevalence of SLE was 77 per 100,000 using the cer-
tain definition and 127 per 100,000 using overall cases.

DISCUSSION

This study describes the development of a detailed algorithm
to identify Australians with SLE using linked administrative health
data sets and incorporating SLE-related hospital admissions,
MBS claims, death records, and claims for dispensed medica-
tions. To the authors’ knowledge, it is the first algorithm to identify
SLE cases using outpatient data in a jurisdiction without diagnos-
tic coding of outpatient events and may serve as a template for
other Australian or international researchers in jurisdictions with-
out outpatient diagnostic codes. Using this algorithm to identify
SLE, we estimate the prevalence of SLE in Australia to be 77 to
127 per 100,000, which is higher than previously reported6–9 but
similar to the contemporary findings in the United States of
81 per 100,00010 and the United Kingdom of 97 to 107 per
100,0000.11

The SLE cohort was predominantly female, which is consis-
tent with established SLE cohorts.22 Compared with the
Australian population, a lower proportion of the certain SLE
cohort were born in Australia and New Zealand (63% vs 72%39),
partly because of higher representation from Asian countries

Table 1. SLE-related diagnoses, medications, and health contacts
extracted from each dataset*

Hospital data Inclusion: Hospital admissions with SLE as a
principal or additional diagnosis. ICD-10-AM
codes M32.1, M32.8, M32.9.

Exclusion: More admissions with a non-SLE SARD
diagnosis than an SLE diagnosis. Examples of
SARD are rheumatoid arthritis,
spondyloarthropathies, systemic sclerosis,
vasculitis, and idiopathic inflammatory
myopathies (full list in Supplementary
Material 2).

Death data SLE as the underlying or additional cause of death:
ICD-10-AM codes M32.1, M32.8, M32.9 (details
in Supplementary Material 6).

PBS data Inclusion: Dispensing of hydroxychloroquine,
azathioprine, or mycophenolate. Medication
adherence criteria are outlined in Figure 1 and
in detail in Supplementary Material 7.

Exclusion: Chronic dispensing of medications that
are not approved for use in SLE in Australia.
Examples are biologic agents such as infliximab
and adalimumab with restricted PBS indications
to inflammatory diseases such as rheumatoid
arthritis, ulcerative colitis, and psoriatic arthritis
(full list in Supplementary Material 7).

MBS and
NAP data

Outpatient visits to rheumatologist, nephrologist,
immunologist, or general physician. Visit
frequency requirements are outlined in
Figure 1.

MBS data Claims for testing anti-dsDNA and C3 and C4.
Testing frequency requirements are outlined in
Figure 1 and Supplementary Material 8.

* anti-dsDNA, anti–double-stranded DNA antibodies; C3, com-
plement component 3; C4, complement component 4; ICD-
10-AM, International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision, Australian Modification;
MBS, Medicare Benefits Schedule; NAP, National non-admitted
patient episode level data; PBS, Pharmaceutical Benefits
Scheme; SARD, systemic autoimmune rheumatic disease; SLE,
systemic lupus erythematosus.
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(12% vs 10.6%).39 The cohort also had greater regional represen-
tation (63% vs 72% in major cities38). The distribution of socioeco-
nomic disadvantage was broadly consistent with national figures.

The SLE cohort demonstrated higher health care use than
the general Australian population, despite a younger age profile.
Median general physician (GP) visits were 10.2 per year com-
pared with a national average of 6.3.40 Over the study period,
88% had at least one hospital admission for any indication
(although less than half had a hospital admission for SLE care).
Although not directly comparable with national annual rates
because of the study observation period, this suggests higher
hospital use than the general population—for which only 12.7%
of Australians aged 15 and over were admitted to the hospital in
2023 and 2024.41

The SLE cohort demonstrated similar medication usage to
confirmed Australian and international SLE cohorts,22 with similar
hydroxychloroquine (88% vs 85%OPAL22) and methotrexate use
(28% vs 29% OPAL22). Only half of our cohort had an MBS claim
for visual field testing (a component of hydroxychloroquine
screening that is advised in current Australian and New Zealand

guidelines42). Oral steroid use was high in our cohort compared
with the OPAL cohort, with 100% filling at least one prescription
over the median 11-year observation period versus 65.8% of the
OPAL22 cohort reporting glucocorticoid use over 2.3 years. This
likely reflects both differing definitions of steroid use and the longer
observation period for our cohort. In OPAL, medications are
recorded into a bespoke electronic medical record by a rheumatol-
ogist. In this context, steroids may be likely to represent mainte-
nance glucocorticoids or current usage. Even if never prescribed
maintenance glucocorticoids, most patients with SLE will require
steroids for flares at some point—ie, 82% of the Asia Pacific Lupus
Collaboration cohort used oral prednisone at least once over just
two years.43 Short courses prescribed by a GP for a minor flare
between rheumatologist visits may not be recorded in OPAL but
would appear in PBS data, as would prescriptions filled for contin-
gency use (ie, travel) and potentially not taken. Our longer time-
frame also increases the likelihood of capturing a dispensing.

Although analysis of birth outcomes was outside the scope
of the present study, at least 12% of the cohort had a hospital
admission for birth. Finally, the mortality rate in SLE was 14.2 per

Figure 2. Horizontal bars represent the total people accessing the respective service; columns with circles represent each combination (darked
circles), and vertical bars represent the number of people in the respective combination. For example, the first row represents the total number of
people with records related to SLE in the death data set, whereas the first column represents the number of individuals fulfilling certain SLE criteria.
Only the 10 most common intersections are shown. MBS, Medicare Benefits Schedule; PBS, Pharmaceutical Benefits Scheme; SLE, systemic
lupus erythematosus.
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1,000 person-years, compared with 18.6 per 1,000 person-years
in a recent Italian population-based study44 or 15.84 per 1,000
person-years in the United Kingdom.45

Although there are currently no validated algorithms for the
identification of SLE from Australian administrative data, there has
been substantial work in this space internationally, which informed
our method. First, hospital data alone captures only 40% to 79%
of SLE cases identified using clinician medical record review as
the gold standard.18,25 This persists even over long periods of
observation (remaining at 79.2% after 40 years in a Swedish
study24). This likely reflects the exclusion of younger and milder
cases never requiring hospitalization and was further demonstrated
by a Canadian study demonstrating that 32% of SLE cases identi-
fied in Quebec were present in outpatient claims data but absent
from hospital records.25 These findings support our inclusion of
both hospital and outpatient data as a methodologic strength.

Second, the PPV of a single SLE-coded hospital or outpa-
tient encounter is low but increases with repeat episodes. In
Canada, the PPV of a single episode of SLE-coded hospital care
was 60%, rising to 87.5% with two or more hospitalizations.25

Similarly, in Norway, the PPV of a single SLE-coded inpatient or
outpatient encounter was 47%, increasing to 72% for three
or more SLE-coded episodes.17 Therefore, our hospital criteria
require either multiple SLE-coded episodes or an additional sup-
porting claim from a different data source (eg, hydroxychloro-
quine). Third, clinical heterogeneity, diagnostic complexity,
overlapping medication use, and shared specialist care contribute
to the misclassification of SARDs in administrative data (for
instance, the misclassification of rheumatoid arthritis as SLE). In
Norway, half of the false-positive SLE-coded encounters were
ultimately diagnosed as another SARD.17 Similarly, in Estonia,
most false-positive SLE-coded care episodes were revised to an
alternative SARD.19 These findings highlight the need for exclu-
sion criteria to minimize SARD misclassification. We applied
medication-based exclusions (excluding individuals with SARD-
specific but non-SLE therapies, such as TNF inhibitors) and hos-
pital exclusion criteria (more admissions coded as non-SLE SARD
than SLE) to reduce this risk. Although these exclusions improve
the specificity of the algorithm, SLE has been reported to overlap
with many SARDs,46 and these cases may have been excluded

Table 2. Demographic characteristics of the identified SLE cohort*

Characteristics Certain SLE, N = 16,294 Uncertain SLE, N = 10,494 Overalla SLE, N = 26,788

Female, n (%) 14,099 (87) 8,991 (86) 23,090 (86)
Male, n (%) 2,158 (13) 810 (14) 2,968 (14)
Age at diagnosis, n (%), yb

15–24 978 (6.0) 451 (4.3) 129 (5.3)
25–34 2,151 (13) 1,156 (11) 3,307 (12)
35–44 2,714 (17) 1,562 (15) 4,276 (16)
45–54 3,079 (19) 1922 (18) 5,001 (19)
55–64 3,143 (19) 2,189 (21) 5,332 (20)
65–74 2,602 (16) 1,855 (18) 4,457 (17)
75–84 1,326 (8.1) 1,073 (10) 2,399 (9.0)
85 and over 301 (1.8) 286 (2.7) 587 (2.2)

Region of birth, n (%)
Australia/New Zealand 10,206 (63) 6,501 (62) 16,707 (62)
Europe 1,404 (8.6) 1,041 (9.9) 2,445 (9.1)
Asia 1973 (12) 884 (8.4) 2,857 (11)
Northern Africa and the Middle East n.p. n.p. n.p.
Americas n.p. n.p. n.p.
Sub-Saharan Africa 203 (1.2) 112 (1.1) 315 (1.2)
Missing 1,949 (12) 1,606 (15) 3,555 (13)

Remoteness area, n (%)
Major cities of Australia 10,393 (64) 6,555 (62) 16,948 (63)
Inner regional Australia 3,429 (21) 2,360 (22) 5,789 (22)
Outer regional Australia 2,055 (13) 1,322 (13) 3,377 (13)
Remote Australia 214 (1.3) 150 (1.4) 364 (1.4)
Very remote Australia 176 (1.1) 87 (0.8) 263 (1.0)
Missing 27 (0.2) 20 (0.2) 47 (0.2)

IRSD quintile, n (%)
1 (most disadvantaged) 1,486 (20) 855 (19) 2,341 (20)
2 1,398 (19) 869 (19) 2,267 (19)
3 1,167 (16) 758 (17) 1925 (16)
4 1,724 (24) 1,086 (24) 2,810 (24)
5 (least disadvantaged) 1,510 (21) 1,014 (22) 2,524 (21)

* IRSD, Index of Relative Socioeconomic Disadvantage; n.p., not published; SLE, systemic lupus erythematosus.
a Overall includes certain and uncertain SLE.
b Age at meeting algorithm criteria.
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if their clinical phenotype or management more closely aligned
with the non-SLE diagnosis (ie, had more hospital admissions
coded as the non-SLE diagnosis or received TNF inhibitor).

A key strength of this study is that it uses population-wide,
linked administrative data sets to identify individuals with likely SLE
that are informed by existing Australian data as well as international
SLE case-finding algorithms, as described previously. Second,
Australia’s universal health care system enables near-complete cap-
ture of real-world health service and medication use via the PBS and
MBS data sets, which provides a comprehensive view of this
cohort’s health care use. Finally, most studies using administrative
health data to identify health conditions make assumptions regard-
ing the health care use of individuals with that illness, and the quality
of the case identification is dependent on the quality of those
assumptions. Our algorithm was informed by both international
SLE identification algorithms,17–19,26 contemporary Australian data
on real-world SLE care,22 and the expert guidance of five rheuma-
tologists with broad experience across public and private sectors
in three states.

Although we would ideally have validated our approach with an
additional external data set or through review of medical records of
cases and noncases, this was not possible. At the time of analysis,
the NHDH data governance policies precluded reidentification of
records because of privacy principles. In addition, linkage to external
SLE registry data would be inadequate because of a lack of non-
case records. Nevertheless, we are confident in the value of our
approach despite being unable to calculate the sensitivity or speci-
ficity of the algorithm. To test the internal validity of our algorithm,
we conducted nine separate sensitivity analyses, each varying a
single decision rule (Supplementary Material 5). The cohort size
and characteristics remained relatively consistent, suggesting that
our findings are not unduly influenced by specific parameter
choices. However, future validation of this algorithm by reviewing
the medical records of a subset of the cohort would be valuable if
this becomes possible. We also cannot assume our algorithm has
identical performance to those developed in different set-
tings.15,18,19,24,25 Structural differences in health systems and data
collected (eg, use of insurance claims data15 or outpatient

Table 3. Health care use and management of individuals in the identified SLE cohort*

Health care utilisation and outcomes Certain SLE, N = 16,294 Uncertain SLE, N = 10,494 Overall SLE, N = 26,788

Years observed total (post meeting algorithm) 12 (6) 10 (4) 11 (5)
Total deaths (death rate per 1,000 person-years) 2,356 (14.2) 1,342 (13.9) 3,698 (14.1)
Hospitalizations
Hospital admissions (any cause) per
person, median (IQR)

5 (2–12) 4 (1–9) 5 (2–11)

Hospital admissions (SLE) per person,
median (IQR)

0 (0–2) 0 (0–0) 0 (0-1)

Ever hospitalized (any cause), % 88 85 87
Ever hospitalized with SLE, % 46 21 36
Receiving dialysis ever, n (%) 304 (2) 80 (1) 384 (1)
Receiving renal transplant, n (%) 344 (2) 65 (1) 409 (2)
Hospitalized for childbirth, n (%) 1,889 (12) 1,146 (11) 3,035 (11)

Medications – ever received, %
Hydroxychloroquine 88 78 84
Azathioprine 22 13 19
Mycophenolate 25 12 20
Methotrexate 28 27 27
Oral prednisone 100 100 100
Cyclophosphamide 4 2 3
Leflunomide 5 6 5
Ciclosporin 2 1 2
Tacrolimus 4 1 3
Rituximab 1 1 1
IV methylprednisolone 5 4 4

Outpatient visits – ever seeing, %
Rheumatologist 72 68 71
Nephrologist 31 18 26
Immunologist 24 22 23
General physician (internal medicine specialist) 53 51 52
Obstetrician/gynecologist 37 35 36
Dermatologist 37 37 37
Ophthalmologist 55 48 52
Ophthalmologist or optometrist for
automated visual field testing

61 49 56

Annual GP (primary care doctor) visits, median (IQR) 10.2 (6.6–15.6) 10.1 (6.2–15.5) 10.2 (6.5–15.6)
Annual rheumatologist visits, median (IQR) 0.8 (0–1.8) 0.5 (0–1.3) 0.6 (0–1.6)

* GP, general practitioner; IQR, interquartile range; IV, intravenous; SLE, systemic lupus erythematosus.
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diagnostic codes,18,19 which are not collected in Australia) limit
direct comparison with international administrative data SLE identi-
fication approaches. Furthermore, diagnostic coding systems (ie,
ICD/International Classification of Primary Care/Systematized
Nomenclature of Medicine) and their accuracy varies, influenced
by factors such as clinical coders’ expertise (which may differ by
national training standards47), as well as hospital-specific quality of
medical record keeping. Despite these differences in data sources
and settings, we were able to calculate similar estimates for SLE
to other settings.

Furthermore, although the NHDH has broad coverage, it
was not universal. Private hospital and NAP data were incom-
plete; however, sensitivity analyses suggest minimal impact
on overall cohort size because of the layered design of the
algorithm. Multiple data sets were missing for the NT and WA,
leading to their exclusion. SLE prevalence has been reported
to be higher in Aboriginal and Torres Strait Islander people than
non-Indigenous Australians,5,48 and WA and the NT have
higher proportions of Aboriginal and Torres Strait Islander peo-
ple than Southern Australia (31% of NT and 4% of WA in 2021
census vs 3.5% of Australia excluding these states37). Given
these states are small (NT contains <1% of the Australian pop-
ulation and WA approximately 11%), their overall effect on the
national estimate is likely minimal, and in the direction of an
underestimation. Given their unique demographics, our preva-
lence figures cannot be presumed to apply to these states, par-
ticularly not to the NT.

Future work using this cohort may include and assessment of
the geographic distribution of SLE, hospitalizations, and causes
of death, and—with appropriate consultation—estimation of dis-
ease burden in Aboriginal and Torres Strait Islander people (work
outside the scope of our current ethics approvals). Because the
NHDH is regularly updated, it will soon be possible to examine
trends in use of newer therapies, such as anifrolumab, which were
not PBS-listed during the study period.

This study presents the first Australian algorithm to identify SLE
using both inpatient and outpatient administrative data. In doing so,
it demonstrates that the national prevalence of SLE is higher than
previously reported and aligns more closely with international esti-
mates. The cohort identified displays high face validity, with

demographics, medication usage, and health care use patterns
comparable with those observed in existing Australian data. By
detailing our methodology, including its strengths and limitations,
we aim to support transparency and reproducibility. This algorithm
may serve as a foundation for future Australian and international
studies seeking to identify SLE in administrative health data sets.
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The Lupus Damage Index Revision Program: Results From
the Item Generation and Reduction Phases
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Objective. A data-driven and expert/patient consensus-based project to develop a revised Systemic Lupus Inter-
national Collaborating Clinics (SLICC)/American College of Rheumatology (ACR) Damage Index (SDI) is under way
supported by SLICC, ACR, and the Lupus Foundation of America. Our objective is to report the item generation and
reduction phase results for a revised SDI.

Methods. Item generation included a literature review by literature review groups and a Delphi exercise of interna-
tional systemic lupus erythematosus experts and patients. Item reduction involved Delphi rounds in which items with
a median appropriateness score of ≤4 of 9 were excluded. A 14-member item reduction committee assessed remain-
ing items and removed those that did not reflect the damage construct, were rare, or were not feasible to assess. The
clinical domain groups then refined the remaining items and their definitions.

Results. The Delphi panel included 146 individuals from 35 countries. The Delphi exercise nominated 2,256 items,
and the literature review identified 117 items. After removing redundancies, 226 candidate items remained. Subse-
quent Delphi rounds, followed by review by the item reduction committee and clinical domain groups, resulted in
39 items across 13 domains. Eleven items from the original SDI, including proteinuria and cranial neuropathy, were
removed and several new items were proposed, including growth failure/reduced final height and adrenal insufficiency.
Severity-based subitems are proposed for 17 items (43.6%).

Conclusion. This data-driven and expert/patient consensus-based process has proposed 39 candidate items,
some with subitems, and definitions for a revised SDI. Weighting of items and subitems is underway to develop a clin-
ical scoring system.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoim-

mune disease characterized by flares, inflammation in target

organs, and increased mortality. Over the past 30 years, there

has been a remarkable improvement in the survival rates of

patients with SLE due to factors such as earlier diagnosis,

improved therapeutic modalities, and better management of
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complications.1,2 Despite the increased longevity in patients with

SLE, a range of comorbidities can arise, a number of which are

captured as the accrual of organ damage.3,4

Damage in SLE was originally defined as a health state
reflecting irreversible changes that occur in patients with SLE
and that may be a consequence of ongoing disease activity, treat-
ment (eg, glucocorticoids), comorbidities, or aging.5 Considered
a distinct concept from disease activity and health related quality
of life, damage serves as a key predictor for morbidity and mortal-
ity.6 It is therefore crucial to identify patients at risk of damage
early enough to implement proactive measures to prevent the
onset and progression of damage. In 1996, the Systemic Lupus
International Collaborating Clinics (SLICC) group, in collaboration
with the American College of Rheumatology (ACR), developed
the SLICC/ACR Damage Index (SDI) to quantify irreversible organ
damage accrual that occurs in patients with SLE.5

The SDI consists of 41 items across 12 organ systems. It
captures the accumulation of damage from any cause since SLE
diagnosis, regardless of attribution. Generally, items need to be
present for six months or more to score. Damage may result from
disease activity (eg, renal failure or neurocognitive abnormality),
treatment (eg, steroid-induced diabetes or avascular necrosis),
intercurrent illness (eg, cancer or surgery), or potentially unrelated
events (eg, amputation).5 Although widely used in SLE cohort
studies,5,6 the SDI has several limitations.7 Its maximum score is
47, but patients rarely exceed 12, and in most cohorts, up to
50% of patients score 0, reflecting a significant floor effect.8 The
SDI relies on clinical examination and basic investigations. How-
ever, the wider use of sophisticated medical investigations means
that this approach does not align with modern medical practice.
Similarly, many items in the SDI such as chronic kidney disease
now have more “staging” in routine practice, which is not
reflected well in the often binary scoring (present or absent) in
the SDI. From a pediatric viewpoint, the SDI is limited by missing
items, for example, growth restriction. Finally, any damage occur-
ring before the formal diagnosis of SLE, even if associated with a
prior, but associated, condition such as antiphospholipid syn-
drome, discoid lupus, or undifferentiated connective tissue dis-
ease, would not be counted in the current SDI. Such limitations
may contribute to the lower scores observed in cohorts, which
limits the usefulness of the SDI as a primary endpoint in SLE trials.

The SLICC group, in collaboration with the ACR and the
Lupus Foundation of America (LFA), initiated an international
project to revise the SDI using consensus and evidence-based
methods over five key phases. In the first phase, we defined the
construct of damage in SLE in the modern era using qualitative
methods.9 By consensus, a contemporary and expanded con-
ceptual framework was agreed upon; “Damage is a health
state related to organ structure and function. The degree of
reduced organ function relates to physiologic impairment.
Damage can occur before a diagnosis of SLE but should be
attributable to SLE. Damage to an organ is irreversible,
but the functional consequences on that organ may improve
over time through physiological adaptation or treatment.”

York; 12Division of Rheumatology, Department of Medicine, Affiliated Scien-
tist, Queen Elizabeth II Health Sciences Center and Nova Scotia Health, Pro-
fessor Emeritus, Dalhousie University, Halifax, Nova Scotia, Canada;
13Division of Rheumatology, Department of Medicine, Dalhousie University,
Halifax, Nova Scotia, Canada; 14Institute of Molecular Medicine, Center for
Autoimmune, Musculoskeletal and Hematopoietic Disease, Feinstein Insti-
tutes for Medical Research, Northwell Health, Manhasset, New York, New
York; 15Department of Rheumatology, National Reference Center for Autoim-
mune Diseases (RESO), INSERM UMR-S 1109, Les Hopitaux Universitaires de
Strasbourg, Strasbourg, France; 16Service de Médecine Interne, Centre de réf-
érence des maladies auto-immunes et auto-inflammatoires systémiques
rares d’Ile-de-France, de l’Est et de l’Ouest, Hôpital Cochin, AP-HP, Paris,
France; 17Université Paris Cité and Université Sorbonne Paris Nord, Inserm,
INRAE, Centre for Research in Epidemiology and Statistics, Paris, France;
18Copenhagen Lupus and Vasculitis Clinic, Rigshospitalet, Copenhagen Uni-
versity Hospital, Copenhagen, Denmark; 19Division of Rheumatology, Depart-
ment of Medicine, Johns Hopkins University School of Medicine, Baltimore,
Maryland; 20Pediatric Rheumatology Unit, Instituto da Criança e do Adoles-
cente, Hospital das Clínicas da Faculdade de Medicina da Universidade de

São Paulo, Sao Paulo, Brazil; 21Divisions of Rheumatology & Clinical Epidemi-
ology, Department of Medicine, McGill University Health Centre, Montreal,
Quebec, Canada; 22Department of Rheumatology and Clinical Immunology,
Amsterdam University Medical Center, Amsterdam, the Netherlands; 23Cen-
tre for Public Health, Faculty of Medicine, Health and Life Sciences, Queen’s
University Belfast, Belfast, UK.

Additional supplementary information cited in this article can be found
online in the Supporting Information section (https://acrjournals.onlinelibrary.
wiley.com/doi/10.1002/acr.80102).

[Correction added on 16 September 2026, after first online publication: In
Supplementary Table 4, ‘Peripheral’ was changed to ‘Cranial’.]

[Correction added on 16 September 2026, after first online publication:
ORCID has been added to Burak Kundakci.]

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.80102.

Address correspondence via email to Ian N. Bruce, MD, FRCP, at
i.bruce@qub.ac.uk

Submitted for publication November 14, 2025; accepted in revised form
May 5, 2026.

SIGNIFICANCE & INNOVATIONS
• The current Systemic Lupus International Collabo-

rating Clinics (SLICC)/American College of Rheuma-
tology (ACR) Damage Index (SDI) is a robust
instrument but is limited by missing items,
restricted applicability in pediatric patients, a signif-
icant floor effect, and outdated item definitions.

• An international initiative is underway to develop a
revised SDI using a multiphase process that is sup-
ported by SLICC, ACR, and the Lupus Foundation of
America.

• Item generation and reduction phases resulted in
39 candidate defined items to be taken forward to
the next stages. Subitems based on severity are
possible for 17 (43.6%) of the proposed items.

• Our data-driven and expert/patient consensus–based
process aims to develop amore detailed and clinically
relevant assessment of organ damage in patients
with SLE across the lifespan. It will also better reflect
current evidence-based medical practice and is likely
to improve sensitivity and responsiveness of the
index for future lupus trials and research.
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In this article, we report the findings of the item generation and
reduction phases of the development of the revised SDI.

MATERIALS AND METHODS

The methodologic approach for development of the revised
SDI consists of five stages: updating the construct of damage,
item generation, item reduction, item weighting and threshold
determination, and assessment of its measurement properties
(validity, reliability, and responsiveness). This approach has been
successfully used in other rheumatic diseases.10–13 Herein, we
report the item generation and reduction phases of the revised
SDI development. Ethics approval by the University of Manches-
ter was granted on October 13, 2021.

Item generation. This phase aimed to generate a broad
list of candidate items reflecting the new construct of damage in
SLE, suitable for inclusion in a new damage index. This process
involved a literature review and the first round of a Delphi exercise.
Literature review groups conducted targeted, nonsystematic liter-
ature searches for each organ domain. Searches were primarily
performed in MEDLINE (via PubMed) using domain-specific key-
words and relevant terms related to SLE and organ damage (eg,
terms derived from the current SDI and organ-specific damage
items). These searches aimed to identify relevant reviews, cohort
studies, patient surveys, and, where condition-specific evidence
was limited, indirect evidence from general population studies.
Each domain was subsequently reviewed by pediatric subspe-
cialists for content validity, as it applies to patients with
childhood-onset SLE.

Delphi panel members were identified through snowball
sampling among SLICC members, in other words, initial investi-
gators were asked to invite others that were known to them. We
gave guidance requesting them to consider inviting colleagues
from a range of clinical expertise, sex, stages of career, and geo-
graphic representation. The LFA, Lupus UK, Lupus Europe, and
Lupus Canada were invited to nominate two to three patient/
caregiver representatives for the Delphi exercise. The Delphi
questionnaires were implemented using Qualtrics software
(Qualtrics). In the first round of the Delphi exercise, participants
provided demographic and professional details, including profes-
sion, country of work, age, sex, race and ethnicity (categories tak-
ing into account the global constituency: Arab, Black, Chinese,
Korean/Japanese, Latin American, South Asian, Southeast Asian,
West Asian, White, or another), primary specialty, and measures
of clinical experience (years in practice, average number of
patients with SLE seen per month). All participants were asked
to nominate items (using their own nomenclature) based on the
updated construct definition for inclusion in the revised damage
index. Items generated by the literature review groups and by
the first Delphi round were reviewed, and repetitive and redundant
items were removed.

Item reduction. Item reduction involved the second and
third rounds of the Delphi exercise, evaluation for further refine-
ment of items by an item reduction committee, and clustering
based on organ system by the clinical domain groups. In the Del-
phi rounds, SLE experts and patients rated items on a 9-point
Likert scale, considering the new construct of damage in SLE
(in which 1 = not at all appropriate and 9 = completely appropri-
ate). In order to ensure equal voice to patient representatives,
clear, layperson-friendly definitions of each item were provided
to patient representatives. The Delphi process was designed to
give equal weight to all contributors, irrespective of whether they
were patients or professionals and irrespective of professional
discipline or career stage. All ratings and votes were treated
equivalently at each round, with no differential weighting applied
to patient versus expert responses. In the second Delphi round,
participants also were asked to nominate additional items that
they felt may have been omitted or were missing. In the third Del-
phi round, participants were presented with their own ratings and
the group median (with 25th–75th percentiles) for each item,
allowing them the opportunity to revise their ratings, if appropri-
ate. Items with a median appropriateness rating less than or equal
to 4.0 of 9.0 were removed as this score was clearly in the lower
range of appropriateness scores. This approach has been suc-
cessfully used to develop other criteria.11,13 Dillman methods
(eg, personalized invitations to participate and follow-up
reminders) were used to optimize response rates.14

Due to insufficient item reduction in the Delphi exercise, an
item reduction committee composed of 14 members conducted
a thorough assessment of the remaining items. Retained items
required a minimum of 10 of 14 (>70%) agreement to be retained.
If an item was rejected by five or more committee members due to
any of the following reasons, it was excluded: (1) redundant item,
(2) assessment is not widely available or feasible, (3) not reflecting
the construct of damage and/or related with lupus disease activ-
ity, (4) excessively rare.

Remaining items were then reviewed by expert clinical
domain groups for further refinement including whether certain
items could be “clustered” into a single item and to identify if any
grading of severity could be included for relevant items. These
clinical domain groups included an organ system lead who is a
rheumatologist, three to four organ-specific specialists, a pediat-
ric rheumatologist, and a patient partner.

Item groupings and definitions. Our clinical domain
groups including rheumatologists and specialty experts reviewed
all final items. For each item, they proposed subitem groupings
aligned with current clinical practice, such as severity of ventricu-
lar dysfunction, staging of chronic kidney disease, and cognitive
impairment severity. These groupings were based on contempo-
rary medical literature and routine practice.

Definitions were derived from current evidence and relevant
learned society or professional association guidelines. Where no
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formal definition existed, the expert group developed one through
consensus based on clinical expertise.

A complete list of participants including the leadership team,
the literature review groups, the Delphi panel, the item reduction
committee, and the clinical domain groups is shown in Supple-
mentary Table 1.

RESULTS

Delphi panel. We identified 146 individuals from 35 coun-
tries, with a mean (range) age of 50.6 (28–79) years. Among the
participants, 60.3% were females, and 58.9% identified as White,
Latin American (11.0%), Black (7.5%), Korean/Japanese (4.8%),
South Asian (4.8%), Arab (3.4%), Chinese (3.4%), Southeast
Asian (1.4%), West Asian (0.7%), and another (4.1%). Participants
were recruited from a wide range of countries. The largest contri-
butions came from the US (24.0%), Canada (21.2%), and the UK
(9.6%), followed by representation from several European, South
American, Asian, and African countries. Their clinical experience
ranged from 1 to 51 years. This group included 135 medical doc-
tors, 2 allied health professionals, and 9 patients. Of the medical
doctors, 120 were rheumatologists, 7 were internists, 5 were
nephrologists, 2 were dermatologists, and 1 was an immunolo-
gist (Table 1).

Item generation. The literature review groups proposed
117 items across 13 clinical domains, including neuropsychiatric,
ocular, endocrine/metabolic, growth and development, repro-
duction/pregnancy, hematologic, gastrointestinal (GI), renal, car-
diovascular, peripheral vascular, pulmonary, musculoskeletal,
skin/mucocutaneous, and “others.” The response rate of the first
round of the Delphi exercise was 97.9% and resulted in 2,256
“raw” proposed items. After the first Delphi round, we reviewed
all nominated items, clustered overlapping items, and harmonized
synonymous terms. For example, stroke was proposed by many
participants, and some used the term “cerebrovascular acci-
dent.” All of these were reduced to a single item. This process
led to the removal of 2,040 “raw” items. We then compared the
remaining items with those identified through the literature review.
All items in the original SDI were nominated in both processes. We
found that the first Delphi round generated 103 unique items
(46.8%), whereas the literature review generated 4 unique
items (1.8%), and 113 items (51.4%) appeared in both exercises
(Supplementary Table 2). In total, 220 discrete proposed items
were retained.

In the second Delphi round, participants suggested
53 potential additional “raw” items; however, only 6 were
retained, as 47 others were deemed to be duplicates or syno-
nyms of existing proposed items. These new items included intra-
cranial hypertension, disordered puberty sequences, limb length
discrepancies, low anti-Müllerian hormone levels, lipodystrophy,

and alopecia without scarring. In total, 226 unique items were
generated at this stage.

Item reduction. The response rates for the second and
third rounds of the Delphi exercise were 95% and 91.7%, respec-
tively. There was stability in median scores and the 25th to 75th
percentiles for each item between the second and third rounds.
All original SDI items (with two exceptions) were retained with
group median appropriateness scores of 7 to 9; “upper GI tract
surgery” and “osteomyelitis”were retained with median appropri-
ateness scores of 5. In the third Delphi round, 36 items had a

Table 1. Participant characteristics of the 146 Delphi panel
members

Characteristics n (%)

Participants
Medical doctor 135 (92.5)
Allied health professional 2 (1.4)
Patient 9 (6.1)

Sex
Female 88 (60.3)
Male 58 (39.7)

Age, mean (range), y 50.6 (28–79)
Race/ethnicity
White 86 (58.9)
Latin American 16 (11.0)
Black 11 (7.5)
Korean/Japanese 7 (4.8)
South Asian 7 (4.8)
Arab 5 (3.4)
Chinese 5 (3.4)
Southeast Asian 2 (1.4)
West Asian 1 (0.7)
Another 6 (4.1)

Country/region
US 35 (24.0)
Canada 31 (21.2)
UK 14 (9.6)
European (excluding UK) 27 (18.5)
South America 14 (9.6)
Asia 13 (8.9)
Africa 4 (2.7)
Other North America 3 (2.1)
Caribbean 3 (2.1)
Oceania 2 (1.4)

Main specialty (n = 135)
Rheumatology 120 (88.9)
Internal medicine 7 (5.2)
Nephrology 5 (3.7)
Dermatology 2 (1.5)
Immunology 1 (0.7)

Clinical experience, median (range), y 20 (1–51)
Main type of practice (n = 135)
Adults 116 (85.9)
Children 9 (6.7)
Young adults 1 (0.7)
Combination 9 (6.7)

Practice environment (n = 135)
Teaching hospital 128 (94.8)
Community practice 4 (3.0)
Nonteaching hospital 3 (2.2)
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median score of 4.0 or less, thus reducing the items from 226 to
190 (Table 2).

The item reduction committee then assessed the remaining
190 items, and we excluded items that were rejected by five or
more members of the committee (ie, a 70% threshold to retain)
due to at least one of the following: redundancy, ascertainment
not widely available or feasible, items not reflecting the construct
of damage, and excessively rare items (Supplementary Table 3).
Consequently, 126 items were removed from the candidate
item list.

The remaining 64 items were re-evaluated by the clinical
domain groups. Items such as cranial neuropathy, psychosis, and
movement disorders were deemed incongruent with the current
construct of damage and were consequently removed, as they were
more reflective of SLE disease activity. Similarly, very rare items such
as bowel stricture, renal infarction, pleural fibrosis, and skin ulcera-
tion were also excluded as individual stand-alone items. The clinical
domain groups also identified overlapping items and recommended
clustering them into single items for clarity and efficiency. For
instance, dementia and cognitive impairment were merged into a
single item due to them being distinguished only by degree of sever-
ity. The items in the hematologic domain overlapped with other clin-
ical domains, and so the domain was removed. Supplementary
Table 4 presents the excluded items and their reasons for exclusion
by the clinical domain groups. These item reduction phases resulted
in 39 proposed candidate items across 13 clinical domains with
glossary definitions developed by the clinical domain groups
(Table 3 and Figure 1) and a draft index developed (Table 4).
Figure 2 summarizes the number of candidate items that were gen-
erated and reduced.

Item definitions and subitem proposals. The clinical
domain groups were tasked with proposing definitions for each
of the items, based on current evidence-based practice, specialty
guidelines, and their clinical expertise. In developing precise defi-
nitions for each item, potential subitems based on severity for
17 items (43.6%) were proposed (Table 3 and Figure 1).
For example, by expert consensus, ischemic heart disease is sub-
divided as asymptomatic ischemia on testing, symptomatic
angina with confirmatory tests, myocardial infarction (clinical pre-
sentation and confirmatory tests), and multiple myocardial infarc-
tions and/or coronary artery bypass grafting. Similarly, kidney
function impairment is subdivided according to Kidney Disease
Improving Global Outcomes (KDIGO) categories of estimated glo-
merular filtration rate (eGFR).15 Chronicity findings in the kidney
biopsy were also graded according to the classification of the
International Society of Nephrology/Renal Pathology Society.16

DISCUSSION

Using a combined data-driven and expert/patient-based
consensus approach, domains, items, and subitems that reflect

Table 2. Summary median scores after the third round of Delphi
exercise (in which 1 = not at all appropriate and 9 = completely
appropriate)*

Candidate items Median

Neuropsychiatric
Ischemic or hemorrhagic stroke 9
Transverse myelitis 9
Cognitive impairment 8
Cranial neuropathy 8
Neurological sequelae (any) from neuropsychiatric

SLE
8

Peripheral neuropathy 8
Seizure disorder 8
Dementia 7
Demyelinating disorder including multiple sclerosis 7
Movement disorders (ataxia, tremors, chorea,

hemiballismus)
7

Psychosis 7
Executive function disorder 6
Radiographically proven brain atrophy 6
Autonomic disorder 5
Cognitive dyslexia 5
Encephalitis 5
Image changes captured by functional MRI or SPECT 5
Incapacitating headaches 5
Intracranial hypertension 5
Hearing impairment 4.5
Loss of sensation 4.5
Delirium 4
Mood disorder 4
Attempted suicide 3
Insomnia 3
Poor scholastic achievement 3
Tinnitus 3

Ocular
Chloroquine and hydroxychloroquine maculopathy 9
Cataract 8
Optic atrophy 8
Permanent uniocular or binocular partial or complete

loss of vision
8

Retinal necrosis and/or retinal detachment
(choroidopathy, lupus retinopathy, serous
retinopathy, retinal thrombosis)

8

Corneal scarring/corneal ulceration 7
Proliferative retinopathy 7
Scleral thinning (as a result of anterior scleritis) 7
Chronic angle closure, open angle glaucoma, and

steroid-induced glaucoma
6

Cicatricial ectropion (from DLE) 6
Madarosis (from DLE) 6
Optic neuropathy (due to ischemia or inflammation) 6
Persistent uveitis or scleritis 6
Retinal depigmentation and functional loss 6
Cicatricial conjunctivitis or symblepharon 5
Keratoconjunctivitis sicca 5
Acquired enophthalmos 4

Endocrine/metabolic
Premature ovarian failure/primary ovarian

insufficiency
9

Steroid-induced diabetes 8
Adrenal insufficiency 7
Diabetes mellitus 7
Arterial hypertension 6
Cushing syndrome 6

(Continued)
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Table 2. (Cont’d)

Candidate items Median

Metabolic syndrome 6
Reduced ovarian reserve 6
Testicular dysfunction with reduced sperm count and
quality/gonadal dysfunction

6

Cachexia/wasting 5
Chronic fatigue syndrome 5
Erectile dysfunction 5
Hyperlipidemia 5
Hypopituitarism 5
Persistent weight gain 4
Anti-insulin receptor antibodies with recurrent
hypoglycemia

3

Eating disorder 3
Hyperthyroidism 3
Hypothyroidism 3
Facial and/or extremity swelling 2

Growth and development
Growth failure 8
Nontraumatic long bone fractures for children 8
Delayed puberty 7
Reduced final height 7
Disordered puberty sequences, eg, reaching
menarche without/with minimal/less than expected
growth spurt and breast or pubic hair development

6

Limb length discrepancies 5
Reproduction/pregnancy
Congenital heart block 7
Hypertensive disorders of pregnancy (gestational
hypertension, preeclampsia, and/or eclampsia)

7

Infertility 6
Intra-uterine growth restriction, small for gestational
age

6

Miscarriage/fetal loss 6
Obstetric antiphospholipid syndrome 6
Preterm birth 6
Stillbirth 6
Cervical dysplasia 5
Gestational diabetes 5
Low anti-Müllerian hormone levels 5
Neonatal lupus in offspring 4
Placental abruption 4

Hematologic
Splenectomy (for ITP) 8
Aplastic anemia 7
Bone marrow failure (aplasia, myelodysplasia, or
myelofibrosis)

7

Non-Hodgkin lymphoma 7
Spleen infarction 7
Treatment-related myelodysplastic syndrome 7
Antiphospholipid syndrome 6
Functional asplenia 6
Prolonged cytopenia 6
Splenic atrophy 6
Chronic anemia 5
Thrombocytopenia, leucopenia 5
Keloid scar linked to lymph node sampling 3

Gastrointestinal
Bowel stricture 7
Budd-Chiari syndrome 7
Chronic ascites 7
Chronic liver disease and cirrhosis including nodular
regenerative hyperplasia

7

(Continued)

Table 2. (Cont’d)

Candidate items Median

Chronic peritonitis 7
End-stage liver disease 7
Malabsorption and protein losing enteropathy 7
Mesenteric insufficiency 7
Pancreatic insufficiency or need to use pancreatic

enzyme replacement
7

Surgical resection of bowel below the duodenum,
spleen, liver, or gallbladder

7

Vasculitis of the mesentery, esophagus, stomach,
peritoneum, gallbladder, pancreas, or liver resulting
in organ necrosis

7

Gastroparesis 6
Motility disorders including esophageal dysmotility

and pseudo–bowel obstruction
6

Dysphagia 5
Myositis with dysphagia 5
Upper gastrointestinal tract surgery 5
Cholecystitis 3
Gastrointestinal bleed 3
Mesenteric adenitis 3
Bariatric surgery 2

Renal
Chronic kidney disease 9
Decreased eGFR 9
End-stage renal disease 9
Renal biopsy findings (chronicity index > 4 OR

interstitial fibrosis > 25% OR tubular
atrophy > 25%)

8

Biopsy proven renal microangiopathy due to
antiphospholipid syndrome even without GFR less
than 50%

7

Chronic subnephrotic proteinuria 7
Proteinuria 7
Renal infarction 7
Renal tubular defect 7
Bladder dysfunction 5
Hemorrhagic cystitis 5
Nephritic syndrome 4
Hematuria 3
Renal calculi 3
Sterile pyuria 2

Cardiovascular
Cardiomyopathy (ventricular dysfunction) 9
Myocardial infarction ever 9
Accelerated and early atherosclerosis 8
Angina or coronary artery bypass 8
Pericarditis, pericardial thickening, or pericardiectomy 8
Pulmonary hypertension 8
Valve vegetations 8
Carotid endarterectomy/stenting 7
Complete auriculoventricular block 7
Conduction system disease 7
Myocardial fibrosis 7
Right ventricular dysfunction 7
Valve stenosis 7
Valve thickening 7
Arrhythmias 6
Arterial hypertension 6
Baseline oxygen requirement 6
Diastolic dysfunction 6
Valve regurgitation 6
Aortitis 5

(Continued)
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the new damage construct in SLE have been developed consist-
ing of 39 candidate items across 13 domains to be taken forward
to the next stages. During the item generation phase, just over half
of all items were nominated by both literature review and Delphi
exercise. The Delphi exercise, which included a wide and diverse
group of contributors, provided 103 unique items for further con-
sideration. Our data confirm the value of large group exercises to
maximize the scope of new items to consider for a revised index.
Novel contributions to the development of the new damage index
include the addition of pediatric growth items, use of prediagnosis
SLE-related damage, and graded severity subitems.

Eleven individual items from the original SDI were excluded,
including cranial neuropathy and proteinuria, or subsumed in
newly defined items, including pleural fibrosis and skin ulcera-
tion. The neuropsychiatric clinical domain group recommended
excluding cranial neuropathy, as this rare manifestation is usually
reversible with therapy and more often reflects disease activity
than irreversible damage.17 In the SLICC Inception Cohort,
Hanly et al observed that over 50% of cranial neuropathies had
resolved by one year. Time to resolution was also significantly
shorter than for peripheral neuropathies, supporting the view
that cranial neuropathies in SLE are typically manifestations of
activity. Moreover, the prevalence of persistent cranial neuropa-
thies that might reflect damage was well below 1%, so this item
was excluded on the grounds of both reversibility and rarity.18

Similarly, multiple studies indicate that SLE psychosis is often
transient and reversible and is strongly associated with disease

Table 2. (Cont’d)

Candidate items Median

Cardiogenic shock not due to sepsis 5
QT prolongation 5

Peripheral vascular
Significant tissue loss ever (eg, loss of digit or limb) 9
Claudication 7
Intracardiac thrombus 7
Minor tissue loss (pulp space) 7
Renal artery stenosis 7
Severe Raynaud phenomenon 7
Thrombosis any (arterial or venous) 7
Venous thrombosis or venous stasis 7

Pulmonary
Pulmonary fibrosis 9
Pulmonary hypertension 9
Pleural fibrosis, pleurodesis, or pleurectomy for
refractory effusions

8

Pulmonary infarction or resection not for malignancy 8
Chronic diffuse alveolar hemorrhage 7
Lobectomy 7
Persistently decreased exercise tolerance/DLco due
to ILD or pulmonary emboli

7

Respiratory insufficiency 7
Restrictive lung disease (based on pulmonary
function test abnormalities)

7

Diminished lung function (decreased DLCO, FEV1, FVC) 6
Bronchiectasis 5
Obstructive airway disease 4
Obstructive sleep apnea 4

Musculoskeletal
Avascular necrosis/Legg-Calve-Perthes disease/
Perthes disease

9

Osteoporosis with fracture 9
Erosive arthritis 8
Fragility fractures 8
Jaccoud arthropathy 8
Joint replacement 8
Atrophy or weakness 7
Muscle atrophy 7
Osteoporosis without fracture 7
Tendon rupture 7
Osteomyelitis 6
Sarcopenia 6
Frailty 5
Osteomalacia 4
Fibromyalgia 3
Osteosclerosis 3
Septic arthritis 3
Chronic gout with erosion and tophi 2
Inflammatory joint pain 2

Skin/mucocutaneous
Scarring chronic alopecia 9
Scarring (cutaneous) 8
Skin ulceration (excluding thrombosis) for >6 mo 8
Chronic discoid or subacute lesions 7
Cicatricial skin atrophy 7
Hyperpigmentation or hypopigmentation 7
Post venous thrombosis complications 7
Calcinosis 6
Extensive striae 6
Panniculitis 6
Alopecia without scarring 5
Hirsutism 5

(Continued)

Table 2. (Cont’d)

Candidate items Median

Lipodystrophy 5
Nasal septum perforation 5
Periodontal disease with tooth loss 5
Persistent malar rash 5
Severe livedo reticularis 5
Severe photosensitivity limiting activities of daily living 5
Sjögren syndrome 5
Telangiectasia 5
Xerostomia 5
Easy bruisability 3
Onychodystrophy 3

Others
Malignancy 8
Organ transplantation (nonkidney) 8
Treatment-related damage 8
Persistent hypogammaglobulinemia 7
Severe or recurrent infections 7
Carcinoma in situ (any site) 6
Work disability 6
Social isolation 4
Poverty 3

* DLCO, diffusing capacity for carbon monoxide; DLE, discoid lupus
erythematosus; eGFR, estimated glomerular filtration rate; FEV1,
forced expiratory volume in 1 second; FVC, forced vital capacity;
ILD, interstitial lung disease; ITP, immune thrombocytopenia; MRI,
magnetic resonance imaging; SLE, systemic lupus erythematosus;
SPECT, single-photon emission computerized tomography.
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Table 3. Proposed revised lupus damage index glossary (score only the worst outcome for each item)*

Domain, item, and subitem Definition and duration

Neuropsychiatric
Ischemic or hemorrhagic stroke
Asymptomatic (imaging only) Imaging evidence (CT or MRI) of infarct or hemorrhage without an associated clinical syndrome.

Duration: once item definition is met.
Single symptomatic stroke Acute focal neurologic deficit persisting more than 24 h with a corresponding CT or MRI abnormality

(infarct or hemorrhage) consistent with the clinical syndrome. Duration: once item definition is
met.

More than one stroke Evidence of multiple strokes at different anatomic sites. This item includes ischemic or hemorrhagic
spinal cord events. Nonspecific white matter changes on MRI are not considered organ damage.
This definition is adapted from the 1999 ACR nomenclature.33 Duration: once item definition is
met.

Demyelinating disease (including
transverse myelitis)

Monophasic or relapsing CNS demyelinating syndrome, based on a combination of clinical findings
typical for CNS demyelination and supportive abnormalities on neuroimaging (typically MRI).34

Includes transverse myelitis,34 multiple sclerosis,35 neuromyelitis optica spectrum disorders,36 SLE-
related demyelination, and other causes of demyelinating disease. Isolated optic neuritis is
excluded here as any visual loss will be captured elsewhere (see Ocular domain). Duration: 6 mo.

Cognitive impairment Evidence of cognitive decline from a previous level of performance in one or more cognitive domain
(complex attention, executive function, learning and memory, language, perceptual motor, or social
cognition) based on the following: concern of the individual, a knowledgeable informant, or the
clinician that there has been a significant decline in cognitive function AND a substantial impairment
in cognitive performance, preferably documented by standardized neuropsychological testing or, in
its absence, another quantified clinical assessment.37 Duration: 6 mo.

Mild neurocognitive impairment Cognitive deficits are insufficient to interfere with independence in everyday activities (eg,
instrumental activities of daily living) but greater effort, compensatory strategies, or accommodation
may be required. Duration: 6 mo.

Major neurocognitive impairment Cognitive deficits are sufficient to interfere with independence in everyday activities (eg, instrumental
activities of daily living). Cognitive deficits must not occur exclusively in the context of a delirium.
Duration: 6 mo.

Peripheral neuropathy Polyneuropathy is a disorder of sensory and motor peripheral nerves characterized by symmetry of
symptoms and physical findings in a distal distribution.33 Mononeuropathy (single/multiplex) is the
disturbed function of one or more peripheral nerves resulting in weakness or sensory dysfunction
due to either conduction block in motor fibers or axonal loss.33 Requires clinical demonstration of
sensory and/or motor deficits on neurologic examination with corresponding abnormalities on
electromyography and/or nerve conduction studies.33 Small fiber neuropathy is not included as
objective testing methods for confirmation of this diagnosis are not readily available in most
centers. Duration: 6 mo.

Seizure disorder Recurrent unprovoked seizures (defined as two or more, at least 24 h apart) with ongoing high
probability of recurrence OR a single unprovoked seizure with a high probability of recurrence
based on abnormalities identified on brain MRI and/or EEG. Isolated seizure occurring in the
context of active SLE is not considered organ damage. Use of anticonvulsant therapy should not be
included in the item definition, as this is highly dependent on physician practice patterns and other
contextual factors. Duration: 6 mo.

Ocular
Cataract or antimalarial maculopathy
identified without objective visual
loss

Cataract and/or antimalarial maculopathy identified without objective visual loss. Duration: 6 mo.

ANY ocular disease resulting in the
following:

ANY ocular disease resulting in the following:

Partial visual loss affecting the
peripheral visual field alone
(uniocular or binocular)

Partial visual loss affecting the peripheral visual field alone (uniocular or binocular). Duration: 6 mo.

Partial visual loss affecting the
central visual field alone
(uniocular or binocular)

Partial visual loss affecting the central visual field alone (uniocular or binocular). Duration: 6 mo.

Uniocular complete visual loss
affecting both central and
peripheral visual fields

Uniocular complete visual loss affecting both central and peripheral visual fields. Duration: 6 mo.

Binocular complete visual loss
affecting both central and
peripheral visual fields

Binocular complete visual loss affecting both central and peripheral visual fields. Duration: 6 mo.
Score the worst outcome/stage for the patient. See references.38–40

(Continued)
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Table 3. (Cont’d)

Domain, item, and subitem Definition and duration

Endocrine
Premature Ovarian Insufficiency (POI) POI is the onset of hypergonadotropic hypogonadism before the age of 40 y due to any cause. Criteria

for diagnosis: irregular menses for greater than 3 mo without another endocrine disorder (thyroid
hormonal dysfunction, hyperprolactinemia) AND elevated FSH > 30 mIU/mL on 2 measurements
assessed at least 1 mo apart. Some women with POI present with infertility.31,32 Duration: more
than 3 mo.

Diabetes mellitus, including steroid-
induced diabetes

Hyperglycemia that fulfills any of the following criteria: (a) fasting plasma glucose ≥ 126 mg/dL (7
mmol/L), (b) 2-h plasma glucose ≥ 200 mg/dL (11.1 mmol/L) with an oral glucose tolerance test, (c)
presence of osmotic symptoms (eg, polyuria, polydipsia) of hyperglycemia with a random plasma
glucose ≥ 200 mg/dL (11.1 mmol/L), or (d) HbA1c ≥ 6.5.41 HbA1c will not be elevated in acute
hyperglycemia. Duration: 6 mo.

Adrenal insufficiency Inadequate cortisol secretion by the adrenal glands. Low early morning (6–9 AM) basal serum cortisol
concentration (≤3 mcg/dL [80 nmol/L]) is consistent with adrenal insufficiency. Early morning basal
serum cortisol concentration (≥13 to 14 mcg/dL [≥360 to 390 nmol/L]) rules out adrenal
insufficiency. When the morning basal serum cortisol concentration is >3 mcg/dL (>80 nmol/L) but
<13 to 14 mcg/dL (<360 to 390 nmol/L), a standard ACTH stimulation test should be performed.
Peak serum cortisol after ACTH stimulation ≥ 18 mcg/dL (500 nmol/L) rules out adrenal
insufficiency.42–45 Duration: 6 mo.

Cushing’s syndrome Cushing’s syndrome is diagnosed clinically with typical clinical and phenotypic features in a patient
taking chronic glucocorticoid therapy. If endogenous Cushing syndrome is present, then
confirmation by specialist investigations is required.46–48 Duration: 6 mo.

Testicular dysfunction with reduced
sperm counts and quality

Low serum testosterone concentration and/or sperm count associated with elevated serum
luteinizing hormone and/or FSH concentrations. Fasting serum total testosterone should be
assessed between 8 and 10 AM on at least two occasions.49 Duration: 6 mo.

Growth and development
Growth failure or reduced final height Final height lower than the midparental range or ≤2 SD under the mean race/sex-adjusted height as

per national growth charts or the World Health Organization growth chart when measured first at
age 18 y and again at or after age 20 y. Duration: once item definition is met.

Gastrointestinal
Surgical resection of bowel below the
duodenum, spleen, liver, or
gallbladder:

1 site
More than 1 site

Surgical resection (documented in the medical record) of bowel below the duodenum, spleen, liver, or
gallbladder. Duration: once item definition is met.

Motility disorders including
esophageal dysmotility and
pseudo–bowel obstruction

Esophageal dysmotility or pseudo-obstruction are defined by a combination of typical clinical
symptoms and confirmatory testing including relevant imaging and motility/manometry studies.50 If
due to malignancy, do not score the item here; instead use the Malignancy domain. Duration: 6
mo.

Renal
Renal function impairment:

eGFR 30–59 (G3a–G3b)
eGFR 15–29 (G4)
eGFR < 15 (G5) OR
hemo/peritoneal dialysis OR renal
transplantation

Renal function impairment is defined according to the KDIGO categories15 of estimated GFR: eGFR >
90 (G1), eGFR 60–89 (G2), eGFR 45–59 (G3a), eGFR 30–44 (G3b), eGFR 15–29 (G4), or eGFR <15 (G5).
Duration: renal function impairment must persist for 12 mo or more. Dialysis must be
present for 6 mo or more. Transplantation once item definition is met.

Chronicity on renal biopsy:
Chronicity index 2–4
Chronicity index > 4

Renal biopsy findings are scored according tomodified NIH activity and chronicity indices.16Duration:
once item definition is met.

Cardiovascular
Cardiomyopathy (ventricular
dysfunction):

Cardiomyopathy (ventricular dysfunction) is defined using echocardiographic documentation of
LVEF51:

Heart failure with preserved EF
(≥ 50%)

LVEF ≥ 50% with evidence of spontaneous or provokable increased LV filing pressures (eg, elevated
natriuretic peptides, noninvasive and invasive hemodynamic measurement). Duration: 6 mo.

Heart failure with mildly reduced
EF (41%–49%)

LVEF 41%–49%, measured by echocardiogram, with evidence of spontaneous or provokable
increased LV filing pressures (eg, elevated natriuretic peptides, noninvasive and invasive
hemodynamic measurement). Duration: 6 mo.

Heart failure with reduced EF
(≤40%)

LVEF ≤ 40%, measured by echocardiogram. Duration: 6 mo.

Heart failure with improved EF Previous LVEF ≤40% with follow-up >40% and improvement persisting for 6 mo or more. Duration: 6
mo.

(Continued)
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Table 3. (Cont’d)

Domain, item, and subitem Definition and duration

Ischemic heart disease
Asymptomatic ischemia Asymptomatic ischemia as identified on any of the following: EKG and/or stress testing and/or cardiac

MRI. Duration: 6 mo.
Symptomatic angina Symptomatic angina as confirmed by EKG and/or stress test and/or cardiac catheterization and/or

cardiac MRI. Duration: 6 mo.
MI and/or stenting in one coronary
artery or one region of a single
artery

MI documented by clinical presentation and confirmatory EKG evidence and positive troponins and/or
stenting in one coronary artery or one region of a single artery. Duration: once item definition is
met.

Multiple MIs and/or coronary
artery by-pass grafting and/or
stenting in 2 separate regions of
1 artery or 2 or more arteries

Multiple MIs and/or coronary artery by-pass grafting/stenting in 2 separate regions of 1 artery or 2 or
more arteries. Duration: once item definition is met.

Vegetations or thickening on any
valve

Based on the American Society of Echocardiography guidelines,52 valve vegetation is defined as
shaggy, lobulated, or rounded masses typically located on the atrial side of atrioventricular valves
(mitral valve and tricuspid valve) or ventricular side of the aortic valve but can be located on any side
of any valve. These can occur as the following:

Vegetations/thickening without
valvular dysfunction

Vegetations/thickening without valvular dysfunction. Duration: 6 mo.

Vegetations/thickening with mild-
moderate valvular dysfunction

Vegetations/thickening with mild-moderate valvular dysfunction. Duration: 6 mo.

Vegetations/thickening with severe
valvular dysfunction OR valve
replacement

Vegetations/thickening with severe valvular dysfunction OR valve replacement. Duration: 6 mo.

Pulmonary hypertension
Pulmonary hypertension: right
heart catheterization showing
mean pulmonary artery
pressure > 20 mm Hg or
echocardiogram showing
estimated pulmonary artery
systolic pressure > 40 mm Hg

Right heart catheterization showingmean pulmonary artery pressure > 20mmHg or echocardiogram
showing estimated pulmonary artery systolic pressure > 40 mm Hg. Duration: 6 mo.

Pulmonary hypertension with cor
pulmonale

Right heart catheterization showingmean pulmonary artery pressure > 20mmHg or echocardiogram
showing estimated pulmonary artery systolic pressure > 40 mm Hg AND evidence of alteration of
the right heart structure and function due to pulmonary hypertension. See reference.53Duration: 6
mo.

Pericarditis, pericardial thickening, or
pericardiectomy

Chronic and persisting signs and symptoms of pericarditis and/or pericardial thickening
demonstrated on imaging. Surgical removal of part or all of the pericardium surrounding the heart.
Duration: 6 mo.

Carotid endarterectomy/stenting Insertion of an expandable wire mesh tube or coil into the artery to maintain blood flow. Duration: 6
mo.

Vascular
Arterial thrombosis including organ
infarcts other than MI and stroke

Arterial thrombosis with organ infarction of any organ other than the heart or brain. Duration: once
item definition is met.

Peripheral ischemia/gangrene with
tissue loss:
1 site
More than 1 site

Ischemia and/or gangrene with tissue loss due to involvement of a specific vascular structure (artery,
vein). Imaging studies such as doppler, or ankle-brachial index test, to identify the vascular structure
is recommended but not required for inclusion.54 Duration: 6 mo.

Peripheral arterial disease Objective evidence of peripheral arterial vascular insufficiency demonstrated by ankle-brachial
doppler testing or angiography with or without classic symptoms of intermittent claudication
without ischemic damage or gangrene. Duration: 6 mo.

Post–venous thrombosis
complications

Extremity swelling, skin discoloration, nonhealing ulceration, and/or amputation. Duration: 6 mo.

Pulmonary
Pulmonary Fibrosis (PF)
mild-moderate PF Evidence for PF due to any cause55–58 by HRCT (less than 20% of lung areas) at any time AND impaired

PFT with FVC 50%–80% that persists for at least 6 mo. Duration: 6 mo.
advanced PF Clinical evidence (fine crackles) and/or extensive fibrosis, due to any cause, identified by chest

radiograph29 OR evidence for advanced PF by HRCT (>20% of lung areas) OR impaired PFTs with
FVC < 50%. Duration: 6 mo.

Pulmonary infarction or resection not
for malignancy

Peripheral wedge-shaped consolidation with a convex medial border on x-ray59 OR CT angiogram
(peripheral wedge-shaped broad pleural parenchymal density). Duration: once item definition is
met.

(Continued)
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activity. Paholpak et al found that 97.1% of psychotic episodes
(36 episodes in 35 patients) fully remitted.19 Hanly et al reported
that more than 80% of psychotic events had resolved by the
second annual assessment following the onset of the event.20

Proteinuria, another excluded item, did not reach the threshold
for inclusion with the item reduction committee. Its inclusion
was also reconsidered and reviewed by the renal clinical domain
group. Persistent proteinuria can reflect either inflammatory

activity or chronic damage.21 When linked to chronic damage,
it is frequently accompanied by other measures of kidney dam-
ages, such as reduced eGFR or chronicity features on biopsy,
which are already captured in our item list. Furthermore, the
growing long-term use of antiproteinuric therapy in patients with
lupus nephritis may impact and cause fluctuations in the levels of
proteinuria over time. For all the above reasons, the consensus
was that proteinuria was excluded.

Table 3. (Cont’d)

Domain, item, and subitem Definition and duration

Chronic dyspnea Chronic dyspnea not related to daily activity with severely impaired PFTs without advanced PF due to
any cause including pathology related to the lungs and pleura. Examples include shrinking lung
(diaphragmatic elevation by x-ray and/or >20% decrease of FVC in supine position) and pleural
fibrosis (x-ray or CT).56,60,61 Duration: 6 mo.

Musculoskeletal
Avascular necrosis:

1 site
More than 1 site

Regional death of cellular elements of bone, typically in a subchondral location, due to a disruption in
the blood supply leading to ischemia, infarction.62–64 Duration: once item definition is met.

Osteoporosis with fracture or
nontraumatic long bone fractures
for children

Low-energy bone fracture or spinal fracture or nontraumatic long bone fractures for children with
radiologic evidence of bone loss on bone densitometry.65 Duration: once item definition is met.

Erosive arthropathy Loss of mineralized tissue at marginal or juxta-articular sites, commonly associated with a break in the
cortical lining visualized on plain radiographs, CT, or MRI or demonstrated on 2 planes on
ultrasonography.66,67 Duration: 6 mo.

Jaccoud arthropathy Reducible joint deformities such as swan neck, thumb subluxation, ulnar deviation, “boutonniere,”
and Z-thumb, with or without evidence of erosions on plain radiograph.68,69 Duration: 6 mo.

Joint replacement Elective replacement of any joint(s) due to joint or bone diseases, regardless of the SLE disease activity
at the time of joint replacement.70,71 Duration: once item definition is met.

Tendon rupture Atraumatic rupture of one or more tendons regardless of SLE disease activity at the time of diagnosis
of tendon rupture.72,73 Duration: once item definition is met.

Skin/mucocutaneous
Cutaneous scarring or atrophy
(including lipoatrophy):
Affecting the trunk and/or
extremities
Affecting the head and/or neck
(excluding the scalp, Figure 1a)

Cutaneous scarring or atrophy (including lipoatrophy): in defining this item, the anatomic location and
extent should be noted. The scalp is excluded from this item; see Figure 1a. Duration: 6 mo.

Dyspigmentation:
More than 6 mo but less than 12
mo duration
More than 12 mo duration

May be hyperpigmentation or hypopigmentation and duration of changes should be considered
when scoring this item.

Scarring chronic alopecia:
1 quadrant
2 quadrants
3–4 quadrants

The scalp anatomic boundaries are the natural hairline (follicles present) OR, if bald, the frontal border
begins 8 cm from the midpoint of the glabella and extends 8 cm left and right from that midpoint.
For the back of the head, the theoretical hairline would end at 8 cm below the external occipital
protuberance (Figure 1a).74 Divide the scalp into 4 quadrants as shown in Figure 1b.74 Duration: 6
mo.

Malignancy
Malignancy:

Non-melanoma skin cancer
Any other primary malignancy
Two or more malignancies

Any malignancy diagnosed by a combination of clinical, imaging, and histologic features that confirm
cancer. Duration: once item definition is met.

Organ transplantation
Organ transplantation (non-kidney) Transplantation of any organ apart from the kidney (see Renal domain). Duration: once item

definition is met.

* Items and subitems are presented in their relevant clinical domains. Items with subitems are defined to reflect current guidelines and/or clinical
expert opinion. Items and subitems need to be present for a minimum of 6 mo unless otherwise stated in bold. Acute events can be defined once
the itemoccurs. Items occurring after the diagnosis of SLEDONOTneed to be directly attributed to SLE. Items occurring before the diagnosis of SLE
should be scored if attributable to an SLE-related processa by the assessor. Only score the highest scoring subitem for each item. ACR, American
College of Rheumatology; ACTH, adrenocorticotropic hormone; CNS, central nervous system; CT, computed tomography; EEG, electroencephalog-
raphy; EF, ejection fraction; eGFR, estimated glomerular filtration rate; EKG, electrocardiogram; FSH, follicle-stimulating hormone; FVC, forced vital
capacity; GFR, glomerular filtration rate; HbA1c, glycosylated hemoglobin; HRCT, high resolution computerized tomography; KDIGO, Kidney Disease
Improving Global Outcomes; LV, left ventricular; LVEF, left ventricular ejection fraction;MI, myocardial infarction;MRI, magnetic resonance imaging;
PF, pulmonary fibrosis; PFT, pulmonary function test; POI, premature ovarian insufficiency; SLE, systemic lupus erythematosus.
a Examples of an “SLE-related process” before the diagnosis of SLE could includemanifestations of antiphospholipid syndrome, interstitial lung
disease due to a disease process that evolves into SLE, or deforming inflammatory arthritis that evolves into SLE.
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With the exception of surgical resection of bowel below the
duodenum, spleen, liver, or gallbladder (not for malignancy) andmotil-
ity disorders including esophageal dysmotility and pseudo–bowel
obstruction, most GI domain items were excluded as they were
deemed infrequent (excluded for relevance) by the respective
clinical domain group. The Spanish historical cohort study
(RELESSER) reported GI damage in 3.7% of 3,658 SLE cases,
distributed as follows: infarction or resection involving the bowel,
spleen, or liver (2.8%); pancreatic insufficiency (0.3%); stricture or
upper GI surgery (0.3%); mesenteric insufficiency (0.2%); and
chronic peritonitis (0.2%).22 Liver involvement and other GI man-
ifestations are not included in the 2019 EULAR/ACR Classifica-
tion Criteria for SLE.10,13 However, 25% to 50% of patients with
SLE may experience transient liver disease, predominantly sub-
clinical, with mild liver enzyme elevations seen in up to one-third
of patients as part of active disease.23,24 Despite this, large-scale
multicenter studies indicate that liver involvement is a rare cause
of morbidity or mortality in patients with SLE.25

Hematology and reproduction/pregnancy were two newly pro-
posed organ systems during the item generation phase. The item
reduction committee excluded all reproduction/pregnancy items
and half of the hematology items. Reproductive and pregnancy-
related items were not deemed consistent with the current construct
of damage. For example, pre-eclampsia and adverse pregnancy
outcomes have been shown to be risk factors for future cardiovas-
cular disease in women in the general population.26 In addition, con-
genital heart block, although proposed, does not affect the mother
and so does not reflect the damage construct in the mother.

For hematology, items such as aplasia, myelodysplasia, or
myelofibrosis due to SLE were excluded as they are rare events that
may resolve with treatment. For instance, Chalayer et al studied
30 patients with bone marrow involvement from 19 centers. They

reported that 24 episodes (including relapses) showed a treatment
response, with a mean time to resolution of 9 months (range 1–75
months). Several cases of myelofibrosis in this cohort also demon-
strated clinical improvement.27 Additionally, the hematology clinical
domain group suggested removing splenectomy and splenic infarc-
tion to prevent double counting, as these overlapped with items in
other organ systems, namely surgical resection of the spleen in the
GI domain and arterial thrombosis in the vascular domain.

A novel feature from this phase is the clustering of items under
domains and subdivision of some items into subitems. The clinical
domain groups recommended clustering related items within each
domain. This is similar to the recommendation given by an SLE
expert panel in the development of the EULAR/ACR classification
criteria, in which items are clustered if they are clinically or physio-
logically linked.28 For example, mild andmajor cognitive impairment
items are separated only by the degree in severity. Similarly chronic
kidney disease is defined in stages aligned to widely used interna-
tional guidance. Furthermore, the clinical domain groups proposed
subdividing items into subitems based on severity or grade. In
some instances, the subitems are based on pre-existing interna-
tionally accepted categories (eg, KDIGO thresholds for eGFR15),
whereas others are based on expert clinical recommendations
(neurocognitive impairment includes mild and major impairment).
The ability to delineate subitems offers a more detailed and clinically
relevant assessment of organ damage in patients with SLE. It
reflects current evidence-based medical practice and is likely to
improve sensitivity of the index in SLE populations. This improve-
ment in sensitivity of measuring damage with SLE may result in an
amelioration of the floor effect observed in the original SDI and
result in improved sensitivity to change. For example, the threshold
to score damage in the kidney now includes both chronicity on
renal biopsy findings (not previously included) and an eGFR of

Figure 1. Anatomic boundaries of (A) the scalp and (B) the four quadrants of the scalp using the CLASI boundaries.74 CLASI, Cutaneous Lupus
Erythematosus Disease Area and Severity Index. Figure 1Bwas AI generated by Google Gemini. [Correction added on 16 September 2026, after first
online publication: The figure caption has been updated to include the declaration that Figure 1B image was AI-generated using Google Gemini.]
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Table 4. Patient assessment sheet for proposed revised lupus damage index*

Domain Item and subitem

Neuropsychiatric Ischemic or hemorrhagic stroke:
• Asymptomatic (imaging only) □ Yes □ No
• Single symptomatic stroke □ Yes □ No
• More than one stroke □ Yes □ No

Demyelinating disease (including transverse myelitis) □ Yes □ No
Cognitive impairment:
• Mild neurocognitive impairment □ Yes □ No
• Major neurocognitive impairment □ Yes □ No

Peripheral neuropathy □ Yes □ No
Seizure disorder □ Yes □ No

Ocular Ocular damage:
• Cataract or antimalarial maculopathy identified without objective visual loss □ Yes □ No

ANY ocular disease resulting in the following:
• Partial visual loss affecting the peripheral visual field alone (uniocular or
binocular)

□ Yes □ No

• Partial visual loss affecting the central visual field alone (uniocular or binocular) □ Yes □ No
• Uniocular complete visual loss affecting both central and peripheral visual
fields binocular

□ Yes □ No

• Binocular complete visual loss affecting both central and peripheral visual fields □ Yes □ No
Endocrine Premature ovarian insufficiency □ Yes □ No

Diabetes mellitus, including steroid-induced diabetes □ Yes □ No
Adrenal insufficiency □ Yes □ No
Cushing syndrome □ Yes □ No
Testicular dysfunction with reduced sperm counts and quality □ Yes □ No

Growth and development Growth failure or reduced final height □ Yes □ No
Gastrointestinal Surgical resection of bowel below the duodenum, spleen, liver, or gallbladder:

• 1 site □ Yes □ No
• More than 1 site □ Yes □ No

Motility disorders including esophageal dysmotility and pseudo–bowel obstruction □ Yes □ No
Renal Renal function impairment:

• eGFR 30–59 (G3a–G3b) □ Yes □ No
• eGFR 15–29 (G4) □ Yes □ No
• eGFR < 15 (G5) OR hemo/peritoneal dialysis OR renal transplantation □ Yes □ No

Chronicity on renal biopsy:
• Chronicity index (2–4) □ Yes □ No
• Chronicity index (>4) □ Yes □ No

Cardiovascular Cardiomyopathy (ventricular dysfunction):
• Heart failure with preserved EF (≥50%) □ Yes □ No
• Heart failure with mildly reduced EF (41%–49%) □ Yes □ No
• Heart failure with reduced EF (≤40%) □ Yes □ No
• Heart failure with improved EF (previously ≤40% with follow-up >40%) □ Yes □ No

Ischemic heart disease:
• Asymptomatic ischemia □ Yes □ No
• Symptomatic angina □ Yes □ No
• MI and/or stenting in one coronary artery or one region of a single artery □ Yes □ No
• Multiple MIs and/or coronary artery by-pass grafting and/or stenting in 2
separate regions of 1 artery or 2 or more arteries

□ Yes □ No

Vegetations or thickening on any valve:
• Vegetations/thickening without valvular dysfunction □ Yes □ No
• Vegetations/thickening with mild-moderate valvular dysfunction □ Yes □ No
• Vegetations/thickening with severe valvular dysfunction OR valve replacement □ Yes □ No

Pulmonary hypertension:
• Right heart catheterization showingmean pulmonary artery pressure > 20 mm
Hg or echocardiogram showing estimated pulmonary artery systolic
pressure > 40 mm Hg

□ Yes □ No

• Pulmonary hypertension with cor pulmonale □ Yes □ No
Pericarditis, pericardial thickening, or pericardiectomy □ Yes □ No
Carotid endarterectomy/stenting □ Yes □ No

Vascular Arterial thrombosis including organ infarcts other than MI and stroke □ Yes □ No
Peripheral ischemia/gangrene with tissue loss:
• 1 site □ Yes □ No
• More than 1 site □ Yes □ No

(Continued)
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60% or less, which is a higher eGFR threshold than currently in the
SDI (<50%). For pulmonary fibrosis, the chest radiograph (current
SDI) has a sensitivity of 63% compared to high resolution comput-
erized tomography (included in our new definition), the current clin-
ical criterion standard29; likewise in pulmonary hypertension, a loud
P2 and/or parasternal heave (current SDI) have sensitivities of 30%
to 40% compared to the gold standard of right heart catheteriza-
tion (100% sensitivity) of the new proposed index.30

For each item, we also specifically asked the respective
expert group to determine whether a timing of six months or more
was an evidence-based way to reflect the construct of damage
for that particular item. For most items, the six-month duration
was deemed a practical and plausible duration to distinguish
activity from damage. For a small number of items, some of the
definitions vary from the six-month cut point. For example, ovarian
insufficiency requires only a three-month persistence, aligned with
international guidance.31,32 Similarly, dyspigmentation has a
12-month threshold, reflecting expert opinion that the time revers-
ibility of dyspigmentation can take up to 12 months, beyond
which it is likely to be permanent.

Our study has several strengths. First, an inclusive sample of
diverse individuals with respect to sex, age, race, clinical experi-
ence, and specialties ensures a broad representation of perspec-
tives within both lupus research as well as patient communities.
The heterogeneity in our sample population not only adds to the
generalizability of study findings but also gives assurance to
the insights drawn from the item generation and iterative reduc-
tion phases. Our process involved careful refinement across mul-
tiple rounds, providing high face validity in capturing a wide range
of items covering damage accrual in SLE. In addition, the integra-
tion of patient input throughout the study—from study design to
item evaluation—reflects a commitment to research that is
patient-centric and ensures that this SDI revision is aligned with
the needs and perceptions of those living with lupus.

We acknowledge several limitations of this study. First, the
reliance on a nonsystematic literature review during the item gen-
eration phase may have introduced bias and potentially over-
looked relevant literature. To minimize the risk of omitting
relevant damage items, we increased the Delphi rounds from
two to three. In the first and second rounds of the Delphi exercise,

Table 4. (Cont’d)

Domain Item and subitem
Peripheral arterial disease □ Yes □ No

Post–venous thrombosis complications □ Yes □ No
Pulmonary Pulmonary fibrosis:

• Mild or moderate pulmonary fibrosis □ Yes □ No
• Advanced pulmonary fibrosis □ Yes □ No

Pulmonary infarction or resection not for malignancy □ Yes □ No
Chronic dyspnea □ Yes □ No

Musculoskeletal Avascular necrosis
• 1 site □ Yes □ No
• More than 1 site □ Yes □ No

Osteoporosis with fracture or nontraumatic long bone fractures for children □ Yes □ No
Erosive arthropathy □ Yes □ No
Jaccoud arthropathy □ Yes □ No
Joint replacement □ Yes □ No
Tendon rupture □ Yes □ No

Skin/mucocutaneous Cutaneous scarring or atrophy (including lipoatrophy):
• Affecting the trunk and/or extremities □ Yes □ No
• Affecting the head and/or neck (excluding the scalp) □ Yes □ No

Dyspigmentation
• More than 6 mo but less than 12 mo duration □ Yes □ No
• More than 12 mo duration □ Yes □ No

Scarring chronic alopecia:
• 1 quadrant □ Yes □ No
• 2 quadrants □ Yes □ No
• 3–4 quadrants □ Yes □ No

Malignancy Malignancy
• Nonmelanoma skin cancer □ Yes □ No
• Any other primary malignancy □ Yes □ No
• 2 or more malignancies □ Yes □ No

Organ transplantation Organ transplantation (nonkidney) □ Yes □ No

* Items and subitems are presented in their relevant clinical domains. Items with subitems are defined to reflect current guidelines and/or clin-
ical expert opinion. Items and subitems need to be present for a minimum of 6 mo unless otherwise stated in the glossary. Items occurring
after the diagnosis of SLE DO NOT need to be directly attributed to SLE. Items occurring before the diagnosis of SLE should be scored if attrib-
utable to an SLE-related processa by the assessor. Only score the highest scoring subitem for each item. EF, ejection fraction; eGFR, estimated
glomerular filtration rate; MI, myocardial infarction; SLE, systemic lupus erythematosus.
a Examples of an “SLE-related process” before the diagnosis of SLE could include manifestations of antiphospholipid syndrome, interstitial lung dis-
ease due to a disease process that evolves to SLE, or deforming inflammatory arthritis that evolves to SLE. [Correction added on 16 September 2026,
after first online publication: The table footnote has been updated to remove the statement “Score only the worst outcome for each item.”]
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Figure 2. Number of candidate items identified during the item generation and item reduction phases of the revised SDI development. SDI, Sys-
temic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index.
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we included an open-ended question asking participants to nom-
inate any items that potentially could be relevant for a revised SDI.
Second, the underrepresentation of participants from low- and
middle-income countries (LMICs) raises questions about the gen-
eralizability of the study findings to these regions. To address this
gap, we purposely shared our preliminary item list with several
LMICs, including countries in Africa. A key reflection from this
was that a new index has the potential to support colleagues in
LMIC settings to lobby policy makers and payers for better stan-
dards of care for their patients. So, although some diagnostics
are not yet globally available, retaining these definitions will help
raise standards of care for patients with SLE across LMIC set-
tings. LMIC physicians will also be involved in later steps in the
index development.

Our item generation and reduction phases have resulted in
39 candidate items to be taken forward to the next stages. The
removal of outdated items, items now known to reflect inflamma-
tion, and the inclusion of new items, including pediatric items, bet-
ter reflects the modern construct of damage in SLE across the life
course. The inclusion of subitems based on severity or grade is
novel. It reflects the evolution in current evidence-based medical
practice over the past 30 years and so is likely to improve sensitiv-
ity of the index in SLE populations. The next phases will evaluate
the item thresholds, how the weight of each item and subitem
contributes to the concept of damage in SLE, and the validation
of the revised SDI.
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Integrating Patient-Reported Quality Measures in Systemic
Lupus Erythematosus: Development of the American
College of Rheumatology Implementation Guide

Catherine Nasrallah, MPH, CHES,1 Cherish Wilson, BS,1 Christine Hariz, BS,1 Christie M. Bartels, MD, MS,2

Shanthini Kasturi, MD, MS,3 Wambui Machua, MD,4 Amy Bennett, BA,5 Kate Chiseri, MPH, MCHES, PMP,6

Allison Plitman, MPA,6 Starla Hairston Blanks, MPH MBA,6 April Jorge, MD,7,8 Patti Katz, PhD,1

Jinoos Yazdany, MD, MPH,1 and Shivani Garg, MD, PhD2,9

Objective. To support high-quality, patient-centered care for systemic lupus erythematosus (SLE), the American
College of Rheumatology (ACR) developed evidence-based measures incorporating clinical and patient-reported out-
come measures (PROMs). Using the Consolidated Framework for Implementation Research (CFIR), we conducted
semistructured interviews with rheumatologists and support staff who piloted these measures. Insights from these
interviews informed development of the SLE Quality Measures Implementation Guide for national dissemination.

Methods. Five rheumatology practices were selected to pilot workflows for collecting SLE PROMs recommended
in recent ACR guidelines for at least 50 consecutive patients. Measures included physical function (PF) and depression.
After data collection, representatives from each practice participated in virtual semistructured interviews. Interviews
were recorded, transcribed verbatim, and analyzed thematically using both deductive and inductive techniques. Find-
ings were used to develop the SLE Quality Measures Implementation Guide.

Results. A total of 31 clinicians across five practices participated in the pilot. Interviews with eight participants iden-
tified key themes related to innovations, resources, best practices, and challenges in collecting and using SLE PROMs,
mapped to CFIR domains. Despite barriers related to workflow, engagement, and resources, PROM implementation in
SLE care was well accepted and supported standardized assessment of mental health and PF through communication
and electronic health records integration. These insights informed development of the SLE Quality Measures Imple-
mentation Guide, featuring guidelines, workflow recommendations, best practices, and educational resources to
improve workflow efficiency and enhance patient care.

Conclusion. This study evaluated the implementation of ACR-recommended SLE PROMs and provides actionable
recommendations and resources to address challenges through the SLE Quality Measures Implementation Guide.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a multifaceted auto-

immune disease that challenges both patients and clinicians due

to its multisystem involvement, variability, and fluctuating

course.1,2 The heterogeneity of clinical presentations and the diffi-

culty of diagnosing SLE pose significant challenges in treatment,

emphasizing the need for individualized care and consistent mon-

itoring.1 In addition, managing SLE requires addressing not only

the physical manifestations of the disease but also its significant

impact on emotional health.3,4 This complexity underscores the

need to define how to implement coordinated, multidisciplinary,

comprehensive care to improve patient outcomes and support

overall well-being.5,6
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In recent years, there has been increasing recognition of the
importance of incorporating and consistently tracking patient-
reported outcome measures (PROMs) in the routine care of SLE
to improve disease management and support patient-centered
care.2,7–10 PROMs provide valuable insights into key aspects of
patients’ perception of how their health is affected by SLE that
routine clinical assessments may overlook, allowing standardized
and validated assessments of symptoms such as fatigue, pain,
emotional well-being, and cognitive function.7,11 These dimen-
sions are particularly important in SLE, for which studies have
demonstrated that individuals often experience significantly
poorer health-related quality of life compared to those with other
chronic conditions.12–15 Furthermore, studies have shown that
the rates of depression and anxiety are up to twice as high in
patients with SLE compared to the general population.16–20 This
increased mental health burden, along with the frequent discor-
dance between clinician assessments and patient experiences
highlighted in the literature, emphasizes the need for standardized
tools such as PROMs to facilitate shared decision-making and
ensure that care is aligned with patient priorities and values.21–23

To support high-quality, patient-centered care, the American
College of Rheumatology (ACR) developed evidence-based lon-
gitudinal and quality measures that incorporate the use of
PROMs, along with key clinical measures, in the management
of SLE.9 Although the development of these measures represents
a significant step toward more individualized care, the routine use
of PROMs in clinical practice remains limited.7 To address these

gaps and build on the initial phase of this work, which focused
on the development of the ACR SLE quality measures,9 this study
represents part II of the project aimed to (1) investigate the suc-
cesses and challenges of implementing PROMs for SLE clinical
care, and (2) synthesize key implementation findings and tools to
inform the development of the SLE Quality Measures Implementa-
tion Guide for national dissemination.

METHODS

Selection of practices and data collection. Using pur-
posive sampling, five rheumatology practices participating in the
Rheumatology Informatics System for Effectiveness (RISE) regis-
try and using the NextGen electronic health record (EHR) system
were selected from approximately 100 NextGen RISE practices-
for a pilot study. Practices were selected to represent diverse
geographic regions across the United States. Each practice was
tasked with implementing workflows to collect SLE PROMs rec-
ommended in recent ACR guidelines for at least 50 consecutive
patients, including measures of physical function (PF; Routine
Assessment of Patient Index Data 3 [RAPID-3] or Multidimen-
sional Health Assessment Questionnaire [MDHAQ]) and depres-
sion assessment (Patient Health Questionnaire 8 [PHQ-8]).9

Practices received support from a NextGen consultant to create
structured EHR fields for PROM collection. Data collection for at
least 50 PROMs per domain occurred between June 2023 and
June 2024.

After data collection was complete, all clinicians (including
rheumatologists and medical support staff), as well as practice
managers and administrators from the five participating prac-
tices, were invited to participate in virtual interviews.
Researchers trained in qualitative data collection (CMB, AJ,
and JY) conducted interviews via Zoom between August and
October 2024. One researcher conducted each interview while
other team members took notes. Interviews were guided by a
semistructured interview guide based on the domains of the
Consolidated Framework for Implementation Research (CFIR)
model to explore perceptions about the pilot study and identify
barriers and facilitators to SLE PROM implementation. Ques-
tions were mapped to CFIR domains and addressed (1) work-
flows for SLE PROM collection, (2) challenges and
opportunities in collecting the measures, (3) practice resources
and characteristics, and (4) opportunities to improve current
PROM collection and use (Supplementary Material 1). The inter-
view guide was pilot tested and iteratively refined by the research
team, the ACR, and collaborating rheumatologists. The study
was approved by the University of California, San Francisco,
Institutional Review Board. Interviews lasted approximately one
hour, were audio recorded, and were transcribed verbatim with
transcripts checked for accuracy.

SIGNIFICANCE & INNOVATIONS
• This is the first study to examine the implementa-

tion of American College of Rheumatology (ACR)-
recommended patient-reported outcome mea-
sures (PROMs) in systemic lupus erythematosus
(SLE) clinical care and to identify barriers and facili-
tators to collect these measures in routine practice.

• We used the Consolidated Framework for Imple-
mentation Research to guide and analyze qualita-
tive semistructured interviews and to examine the
successes and challenges of implementing PROMs
in SLE clinical care.

• Using a consensus-building approach, we combined
iterative expert discussions, review of current litera-
ture, and feedback from semistructured interviews
with trial practices that implemented ACR-developed
SLE PROMs to develop the SLE Quality Measures
Implementation Guide (http://slequalitymeasures.
kotobee.com).

• This guide is the first open-source, evidence-based
resource to support rheumatologists and care
teams in integrating PROMs into routine practice
by providing guidance and practical strategies for
collecting these measures to inform clinical deci-
sions and advance patient-centered care.
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Conceptual framework. Our study was guided by the
CFIRmodel, which offered a comprehensive structure for examin-
ing the factors that affect the implementation and collection of
SLE outcome measures in routine care. Widely applied in quality
improvement and health research,24–26 CFIR enables systematic
analysis of implementation efforts across multiple levels, helping
to describe workflows that overcome challenges and center on
opportunities that support adoption and effectiveness of interven-
tions.27 This framework also supports identifying best practices in
diverse settings. CFIR consists of five key domains: (1) the imple-
mentation process, (2) innovation characteristics, (3) individual
characteristics, (4) the inner setting, and (5) the outer setting.25,27

Data analysis.We conducted a thematic analysis of open-
ended responses using both deductive and inductive tech-
niques.28 Initially, an experienced qualitative researcher
(CN) examined the data, applying deductive codes based on
CFIR constructs to identify implementation barriers and facilitators
while generating inductive codes to capture emerging ideas
across interviews. These preliminary codes were then reviewed
collaboratively with the research team, refined, and organized into
a comprehensive codebook. Two coders (CW and CH) indepen-
dently coded the transcripts; coding was reviewed to ensure

consistency, and results were compiled into a matrix to identify
key themes. Any discrepancies were resolved through discussion
with a third coder (CN). Using an iterative consensus process,29 a
qualitative researcher (CN) reviewed the matrix and generated
themes and subthemes, supported by illustrative examples,
which were then organized and mapped within the five CFIR
domains: outer setting, inner setting, intervention characteristics,
implementation process, and individual characteristics (Figure 1).
Selected quotes were included to highlight important insights,
such as innovations, resource availability, effective practices,
and challenges related to collecting SLE outcome measures.
The study adhered to the Consolidated Criteria for Reporting
Qualitative Research guidelines (Supplementary Material 2).

SLE Quality Measures Implementation Guide
development. Due to limited resources guiding rheumatolo-
gists on PROMs and how to routinely integrate them into clinical
workflows, we used a consensus-building approach based on
iterative feedback cycles.26,30,31 This approach combined expert
discussions, review of current literature, and feedback from semi-
structured interviews with trial practices that implemented ACR-
developed SLE PROMs, with funding support from the Centers
for Disease Control and Prevention (CDC). Although these

Figure 1. Development of the SLE Quality Measures Implementation Guide: slequalitymeasures.kotobee.com. ACR, American College of Rheu-
matology; CFIR, Consolidated Framework for Implementation Research; EHR, electronic health record; PF, physical function; PROM, patient-
reported outcome measure; QPP, Quality Payment Program; RISE, Rheumatology Informatics System for Effectiveness; SLE, systemic lupus ery-
thematosus. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80038/abstract.
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measures were published and approved by the ACR Board of
Directors, they are not yet part of the Centers for Medicare and
Medicaid Services’ Quality Payment Program (QPP). Insights
from the practice interviews, combined with evidence-based
resources, informed the development of the SLE Quality Mea-
sures Implementation Guide: slequalitymeasures.kotobee.com
(Figure 2), which provides practical tools to help rheumatology
teams integrate PROMs into patient care. Best practices, chal-
lenges, and real-world practice solutions were identified through
interviews and incorporated into the implementation guide to
ensure real-world relevance. Consensus was operationalized as
convergence among the expert team on the acceptability, usabil-
ity, and feasibility of the guidance for routine clinical implementa-
tion. Educational and training materials for patients and staff
were developed in response to concerns raised by interview par-
ticipants and were pilot tested in practices to support more effi-
cient and effective PROM collection and use with feedback
gathered and participant suggestions incorporated iteratively.
For context, impressions and testimonials from patients and rheu-
matologists who implemented SLE PROMs were included,
highlighting their value and impact on care. In addition to PROMs,
the implementation guide also emphasizes implementing clinical
quality measures such as consistent hydroxychloroquine use, lim-
iting glucocorticoid exposure, and regular lupus nephritis screen-
ing.9 The implementation guide was refined through iterative
feedback from five rheumatologists and underwent user testing

with team members and stakeholders, with edits made accord-
ingly. Strategies were mapped using the Expert Recommenda-
tions for Implementing Change checklist to align with the
evidence-based SLE Quality Measures Implementation Guide
(Supplementary Material 3).

RESULTS

We conducted interviews with nine participants across the
five RISE practices that participated in the pilot study, including
five rheumatologists, two practice managers, one nurse practi-
tioner, and one practice administrator. Practice characteristics
are summarized in Table 1. Emerging themes and subthemes
were organized into the five domains of the CFIR model.

Implementation process. Practices described several
strategies for integrating ACR-recommended SLE PROMs into
clinical workflows, which contributed to improved efficiency.
Standardizing PROM collection at patient check-in helped estab-
lish a foundational infrastructure for value-based care (Table 2,
quote 1). Structured processes, such as flagging patients with
SLE or generating patient lists and embedding PROM forms in
charts, enabled consistent identification of patients with SLE and
incorporation of PROMs into patient records, streamlining their
routine use (Table 2, quote 2). Some practices also implemented
EHR alerts as a workflow adaptation to prompt staff to administer

Figure 2. Generated themes as per the Consolidated Framework for Implementation Research domains. EHR, electronic health record.
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PROMs during each visit, further enhancing workflow efficiency
(Table 2, quote 3). PF was already being collected by all practices,
which facilitated implementation, whereas depression screening
was not conducted at baseline. Routine collection of PROMs
such as the PHQ-8 at each visit reinforced their integration into
clinical workflows (Table 2, quote 4). Most practices reported that
using PROMs improved proactive symptom management, espe-
cially for mental health, with some initiating treatments such as
antidepressants based on elevated PHQ-8 scores (Table 2, quote
5). Despite these successes, several process-related challenges
affected consistent implementation. Some practices struggled to
reliably identify patients with SLE ahead of visits, which disrupted
PROM administration at check-in (Table 3, quote 1). Staff occa-
sionally missed administering PROMs when occupied with other
tasks (Table 3, quote 2), and even when patients completed the
forms, some scores were not entered into the EHR due to mis-
placed paperwork, staff oversight, or competing priorities
(Table 3, quote 3).

Innovation characteristics. Overall, practices
highlighted the value of ACR-recommended PROMs in SLE care
as both feasible and impactful tools. Survey design was consid-
ered practical, with brief instruments such as the RAPID-3 noted
as easy for patients to complete quickly and consistently
(Table 3, quote 7). All practices highlighted the positive clinical
impact of PROM collection on patient care. PROMs enhanced
clinical decision-making by uncovering important mental health
concerns that informed treatment planning, an unexpected but
highly valued benefit (Table 3, quote 8). PROMs promoted a
patient-centered approach by recognizing emotional well-being
as key to managing chronic disease (Table 2, quote 9). They also
enhanced patient–provider communication, fostering discussions
about mental health and enabling timely referrals (Table 2, quote
10). Ultimately, clinicians perceived that PROM-guided SLE care

improved patient satisfaction and well-being, particularly through
better mental health outcomes (Table 2, quote 11). On the patient
side, as reported by clinicians, all practices noted that PROMs
enhanced self-awareness and engagement. Clinicians noted that
using structured questions often uncovered previously unrecog-
nized issues, prompting deeper conversations about symptoms
(Table 2, quote 12) and that articulating experiences through
PROMs helped patients better understand their care and seek
support (Table 2, quote 13).

Despite these benefits, several challenges limited the ease of
PROM implementation. Survey design was a key barrier, with
practices using the MDHAQ to assess patient PF, describing it
as lengthy and disruptive to workflow (Table 3, quote 3). One
practice noted that emotionally sensitive PHQ-8 items occasion-
ally triggered strong patient reactions, requiring immediate
follow-up and clinical support (Table 3, quote 4). Interpreting
PROM data also proved difficult in some cases. A few practices
reported challenges interpreting PF scores in patients with
comorbid conditions like fibromyalgia, in which overlapping
symptoms obscured the source of dysfunction (Table 3, quote
5). Others observed that patients misunderstood certain ques-
tions or response scales, leading to inaccurate responses
(Table 3, quote 6).

Individual characteristics. Individual-level factors,
including physician and medical support staff engagement,
played an important role in successfully integrating ACR-
recommended PROMs into SLE care. Two practices reported
that staff commitment, collaboration, and communication
enabled effective workflow implementation and sustained use
(Table 2, quote 14). In contrast, in one case, PF measures were
deprioritized by clinicians, given the shift of focus, resulting in
inconsistent use and discussion with patients (Table 2, quote 7).

Table 1. Characteristics of practices interviewed regarding SLE PROM collection*

Characteristic Practice 1 Practice 2 Practice 3 Practice 4 Practice 5

Geographic division South South South Atlantic East South Central South Atlantic
Practice type Single specialty Single specialty Single specialty Single specialty Single specialty
Total clinicians at the practice, n 3 9 12 6 24
Clinicians engaged in the pilot, n 3 8 12 6 2
Patients with SLE diagnosis, n 711 566 703 999 883
Physical function
Measure RAPID-3 MDHAQ HAQ MDHAQ MDHAQ
Unique patients’ PF score
collected per practice for
patients with SLE

35 >150 65 >150 50

Unique patients’ PHQ-8 responses
concerning depression

0a 12 41 183 30

* All participating sites were Rheumatology Informatics System for Effectiveness–affiliated community practices that accept all insurance types.
HAQ, Health Assessment Questionnaire; MDHAQ,Multidimensional Health Assessment Questionnaire; PHQ-8, Patient Health Questionnaire 8;
PROM, patient-reported outcome measure; RAPID-3, Routine Assessment of Patient Index Data 3; SLE, systemic lupus erythematosus.
a Practice 1 returned 35 PHQ-8 surveys that were scanned into the electronic health record and were not extractable by the medical record
organization, so 0 unique responses were recorded.
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Table 2. Current practices, benefits, and opportunities in SLE PROM collection: qualitative interview findings*

CFIR domain Theme Subtheme Quotes

Implementation
process

1. Workflow optimization 1. Standardizing
PROMs collection
at check-in

Quote 1: “It’s almost like laying down pipes and building plumbing
for something to come. It’s really helpful because that, what
needs to be done in the community practice setting to get us
ready for the world of value-based medicine whenever that does
hit.” (Practice 3)

2. Flagging patients
with SLE

Quote 2: “So [staff member] would run a report and then make a
sheet for the front office manager, and she would put the papers
in… It’s part of the chart…” (Practice 3)

3. Setting PROM
reminder alerts

Quote 3: “We have an alert at the top, so if they have [a lupus
diagnosis], it’ll just say that they could put it in the alert section.
So, when you click on it, you have to acknowledge it too, so that
could be helpful…” (Practice 1)

2. Data collection 1. Routine PROM
collection

Quote 5: “My staff gives [the PHQ-8] to the patients every time they
come in.” (Practice 2)

3. Mental health
management

1. Managing
symptoms

Quote 4: “We can always initiate them [patients] on antidepressant
therapy in the clinic… and I think that usually makes a big
difference.” (Practice 4)

Innovation
characteristics

1. Survey design 1. Brief mental
health
questionnaires

Quote 7: “One of the easiest things to implement is the RAPID-3.
You get it on one piece of paper. Most patients could do it
quickly.” (Practice 1)

2. Clinical impact 1. Enhanced clinical
decision-making

Quote 8: “Having something like [the PHQ-8] can be very helpful,
because it also changes what your treatment options are, and
what you’re thinking about doing [treatment plan].” (Practice 1)

3. 2. Patient-centered
care

Quote 9: “In chronic diseases, I think the emotional mental status
should be sort of like the fifth vital sign… If you have a tool like [the
PHQ-8], just like we do CDAIs all the time…it can only take so little
time and help patients in such a dramatic way.” (Practice 3)

3. Strong patient–
clinician rapport

Quote 10: “Even just in one diagnosis and being able to look at that
[PRO forms] and the impacts and really see what’s going on with
your patients from a mental health perspective is so very
important.” (Practice 5)

4. Improved patient
satisfaction and
well-being

Quote 11: “There was one patient that impressed me in how
severely depressed she was… When we got her into counseling
and medications…the PHQ-8 went down to a zero from a 20. So
that was really nice to see.” (Practice 4)

5. Greater patient
awareness of
symptoms

Quote 12: “Patients would actually bring it up [their symptoms] and
say, ‘Gosh, I didn’t realize I was feeling this way or thinking these
things until you asked the question.’” (Practice 3)

6. Greater patient
awareness of care
process

Quote 13: “Once they put it on paper, they stare at it and I stare at
it, we both have to address it… ‘I have a long-standing history of
depression, I didn’t realize howmuch it is disabling, I need help.’”
(Practice 2)

Individual
characteristics

1. Staff engagement 1. Commitment and
collaboration

Quote 14: “I credit [staff members] for recognizing that, ‘Hey, we’re
doing this.’ We need to identify the groups that do the different
pieces of work, communicate with them, and then make it
happen” (Practice 5)

Inner setting 1. Staff training 1. PROM trainings Quote 15: “We have an onboarding process, so they’re all trained to
be able to do all of the things that every MA does… So, we do
have an operating procedure for them.” (Practice 4)

2.EHR integration 1. Electronic
collection of
measures

Quote 16: “So that [PROM form] is printed out for each patient and
then that data is entered with that Magic Pen… they do that very
fast so that by the time I go into the room, that data is already
there.” (Practice 2)

2. Automated score
calculation

Quote 17: “There’s a pre-built [PROM tool in the EHR] where they
just put in the scores, and the EMR automatically calculates it and
gives us the score.” (Practice 4)

3. Automated EHR
data capture

Quote 18: “So, we have a company called Phreesia that does a pre-
visit for our basic data. They can enter it before they arrive in the
office or when they first check-in they get a little tablet. It’s a multi-
page electronic [PROM] form that becomes part of their visit in
their chart as informational data.” (Practice 3)

(Continued)
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Inner setting. Supportive inner setting factors, such as
staff training, technological support, and access to in-house men-
tal health support, facilitated the integration of SLE PROMs into
routine care. All practices implemented structured onboarding
and training to ensure staff could administer and process PROMs
consistently (Table 2, quote 15). In addition, technological support
via EHR integration played a crucial role in streamlining PROM
workflows. Electronic collection of measures using digital tools,
such as iPads and “Magic Pens,” enabled staff to input and
review responses before the clinician saw the patient, ensuring
timely access to data (Table 2, quote 16).

Some practices implemented automatic score calculation,
which reduced provider workload and ensured the immediate
availability of scores (Table 2, quote 17). One practice used exter-
nal platforms such as Phreesia to collect PROMs electronically
before visits, automatically uploading data into medical records
to improve documentation and track patient progress over time
(Table 2, quote 18). A few practices also provided mental health
resources to connect patients to care, such as printed lists of local
services for those with high PHQ-8 scores (Table 3, quote 19).

However, some practices reported communication gaps
between providers and staff, which occasionally hindered consis-
tent review and use of questionnaire data (Table 3, quote 15).
Workforce challenges such as high staff turnover, physician time
constraints, and increased administrative burden also complicated
implementation. Ongoing turnover created repeated training
demands to maintain workflow consistency (Table 3, quote 16),
whereas time constraints during appointments made it difficult to
review PROMs, especially when completed on the visit, leading to
delays (Table 3, quote 17). Building the necessary PROM infra-
structure also required significant administrative effort to coordinate
workflows (Table 3, quote 3). EHR integration posed widespread
technical and logistical barriers for nearly all practices. PROM forms
were often stored in unstructured locations, making them difficult to
access during clinical encounters or integrate into progress notes
(Table 3, quote 19). Furthermore, the absence of automated data
entry and scoring required manual tracking, which increased staff
workload and reduced overall efficiency (Table 3, quote 20).

Outer setting. Regarding external factors, all practices
emphasized the value of collecting SLE PROMs, particularly
PHQ-8, to facilitate proactive referrals and access to mental
health services for patients scoring above the threshold (Table 2,
quote 20). However, patient engagement also presented chal-
lenges, particularly around mental health. One practice reported
difficulty engaging older adults in discussions of emotional well-
being, noting generational reluctance to disclose mental health
concerns (Table 3, quote 21). Survey fatigue was another com-
mon issue reported by most of the practices because many
patients questioned the need to complete PROMs on every visit
despite staff explanations (Table 3, quote 22). Discomfort dis-
cussing mental health also emerged as a barrier, with some
patients unwilling to share emotional concerns due to stigma or
discomfort (Table 3, quote 23). Additionally, most practices
reported long wait times for mental health providers, often delay-
ing timely access to specialist care. To address this, many
patients initially received mental health support from their primary
care physicians while awaiting appointments with specialists such
as psychiatrists (Table 3, quote 24). Financial constraints further
hindered care: the high cost of physical therapy, including accu-
mulating copays, discouraged some patients from pursuing rec-
ommended services (Table 3, quote 25), and limited insurance
coverage for mental health care led to substantial out-of-pocket
expenses, causing some patients to delay or forgo treatment
despite clinical need (Table 3, quote 26).

SLE Quality Measures Implementation Guide
development. Results from semistructured interviews with five
pilot practices helped identify key challenges and opportunities to
integrate PROMs into routine SLE clinical care. Insights from these
interviews, combined with ACR guidelines and other evidence-
based resources, informed the development of the SLE Quality
Measures Implementation Guide (slequalitymeasures.kotobee.
com). The SLE Quality Measures Implementation Guide, launched
on the ACR website in May 2025, is an online resource designed
to support clinicians and staff in implementing SLE quality mea-
sures to deliver high-quality, patient-centered care. It includes

Table 2. (Cont’d)

CFIR domain Theme Subtheme Quotes
3. Mental health support 1. Access to

resources
Quote 19: “That actually is just a local website here [at the practice
site] with combined resources that are available to everybody. It
was available for all the patients that scored high [on PHQ-8]. If it
was over four.” (Practice 3)

Outer setting 1. Access to care 1. Proactive referrals
for mental health

Quote 20: “You’re making them [patients] recommendations that,
‘You need to go see your primary care, doctor, as soon as
possible. You’re not in a good situation,’ and then having them
take that form or sending that over to the primary care provider
is one option.” (Practice 1)

* CDAI, Clinical Disease Activity Index; CFIR, Consolidated Framework for Implementation Research; EHR, electronic health record; MA, medical
assistant; PHQ-8, Patient Health Questionnaire 8; PRO, patient-reported outcome; PROM, PRO measure; RAPID-3, Routine Assessment of
Patient Index Data 3; SLE, systemic lupus erythematosus.
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Table 3. Barriers to SLE PROM collection: qualitative interviews findings*

CFIR domain Theme Subtheme Quotes

Implementation
process

1. Patient
identification

1. Gaps in identifying
patients with SLE at
check-in

Quote 1: “The biggest issue we had was just identifying lupus
patients prior to the visit.” (Practice 3)

2. Data collection
and
documentation

1. Inconsistent collection of
PROMs

Quote 2: “So, I think if they’re [MAs] busy chatting with the patient,
they’re overlooking or forgetting to administer it.” (Practice 4)

2. Missed documentation
of scores in the EHR

Quote 3: “There’s some data that got missing. I don’t know where
some of the paperwork went because… sometimes MAs are just
forgetting to record [scores].” (Practice 4)

Innovation
characteristics

1. Survey design 1. Lengthy PF
questionnaire

Quote 3: “I mean, that’s the big thing it’s always a challenge of just
the amount of time MDHAQ takes [to be filled out by patients].”
(Practice 1)

2. Sensitivity of mental
health survey items

Quote 4: “For some people, it’s triggering, they’ll start crying when
they’re filling out the form [PHQ-8].” (Practice 4)

2. Interpretation of
data

1. Physician’s difficulty
interpreting scores with
comorbidities

Quote 5: “There’s a high percentage of people that have
fibromyalgia or other associated conditions… There’s some other
things going on.” (Practice 1)

2. Patient difficulty
interpreting scores and
survey items

Quote 6: “The weakness in PROMs is the patient’s own assessment,
I find, is often inaccurate. Maybe we don’t explain it enough.
Sometimes I want to go back and ask if they understood the
question [included in the PROM form] on a scale of 0 to 10, or if
they’re thinking 10 to 0.” (Practice 3)

Individual
characteristics

1. Physician
engagement

1. Inconsistent PF PROs
discussion with patients

Quote 7: “[physician name], no he’s lazy, he won’t do any of it. He
does it less than I do.” (Practice 1)

Inner setting 1. Communication
and coordination

1. Communication gaps Quote 15: “I did not make our providers totally aware that the
questionnaires needed to be looked at [during visit].” (Practice 1)

2. Workforce
challenges

1. Staff turnover Quote 16: “We just have a lot of staff turnover and so that
introduces challenges at the beginning…when there’s a newMA.”
(Practice 4)

2. Physician time
constraints

Quote 17: “The biggest challenge really is the timeframe…we don’t
have much time…Getting all this done, especially if patients are
doing it the day that they come in tends to be a little bit of an
issue.” (Practice 1)

3. Increased administrative
burden

Quote 18: “Setting up the infrastructure within our office, having a
system, generating patient flows, getting the staff involved,
getting MAs involved, was the hard labor part.” (Practice 3)

3. Integration into
EHR

1. Unstructured fields Quote 19: “The other challenging factor was that they had to build
the [PROM] form in NextGen. And then where it’s located in the
chart is very difficult to find because it’s not tracking over into our
chart note.” (Practice 4)

2. Manual data entry and
scoring

Quote 20: “I had to manually do all of this [data entry]–follow the
scores–because there’s just no space. We can’t see where the
previous PHQ-8 scores are in the EMR.” (Practice 4)

Outer setting 1. Patient
engagement

1. Difficulty engaging older
adults in mental health
discussions

Quote 21: “The worst people are usually the elderly in regard to
talking about mental health.” (Practice 1)

2. Survey fatigue Quote 22: “Some patients just say, ‘Well, I filled it [PROM form] out
last time. Why do I have to do it again?’ We keep telling them,
‘You have to do it at each clinic visit. It tells us how you’re doing.
We can score it.’” (Practice 4)

3. Discomfort with mental
health topics

Quote 23: “These are things [mental health issues] that patients
many times don’t voluntarily share and they might not volunteer
it because they’re not comfortable.” (Practice 3)

1. Access to mental
health services

1. Long wait time for
mental health services

Quote 24: “It’s just the timing of referrals to mental health provider.
It usually takes a very long time…” (Practice 1)

2. Financial
constraints

1. High costs of physical
therapy

Quote 25: “I think patients are not resistant, but… it’s [cost of
physical therapy] expensive…the co-pay costs add up, and that’s
a big hurdle for some of our patients.” (Practice 3)

2. Limited insurance
coverage

Quote 26: “I think it is the fact that a lot of insurers don’t cover
mental health… That becomes the issue.” (Practice 2)

* CFIR, Consolidated Framework for Implementation Research; EHR, electronic health record; EMR, electronic medical record; MA, medical
assistant; MDHAQ, Multidimensional Health Assessment Questionnaire; PHQ-8, Patient Health Questionnaire 8; PROM, patient-reported out-
come measure; SLE, systemic lupus erythematosus.
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detailed guidance on using PROMs recommended by the ACR for
SLE along with downloadable forms, scoring instructions, work-
flows, and explanations to aid understanding.

Reflecting themes from the interviews, the implementation
guide also features videos on best practices, patient education
materials, staff training resources, and validated translations of
PROMs in Spanish. To address common barriers, it includes
translated materials in Spanish and offers considerations for col-
lecting PROMs in diverse populations. Additional resources
include a downloadable staff training guide to support effective
PROM collection and a patient education guide to improve
awareness of their importance in SLE care. To further support
clinical workflows, the implementation guide also offers tips for
succeeding in the QPP.

DISCUSSION

Addressing PROMs in SLE is important to help develop a
comprehensive care plans aligned with patients’ priorities and val-
ues. This study identifies key real-world barriers and facilitators to
implementing PROMs in routine SLE care and translates these
insights into practical strategies within the ACR SLE Quality Mea-
sures Implementation Guide. By applying the CFIR framework
across five diverse clinical practices, we developed workflows and
digital PROM templates, shaped by clinician beliefs, clinical work-
flows, organizational readiness, and the availability of digital tools,
within the ACR SLE Quality Measures Implementation Guide to
support adoption across diverse practices. This guide is the first
to enable comprehensive care delivery focused on both clinical
and patient-reported outcomes as part of routine SLE care.

Individuals with SLE often have worse-than-average scores
on PROMs, resulting in subsequent morbidity, disability, andmor-
tality.30 Therefore, PROMs complement clinical measures to sup-
port comprehensive care planning and align treatment plans with
patient priorities and values in SLE.32 Although most research has
focused on validating these measures and applying them in clini-
cal trials,33,34 there is still a notable gap in practical guidance on
how to effectively integrate PROMs into routine clinical workflows,
particularly across different practices.33,35–37 Limited resources to
help collect, interpret, and apply PROM data within existing work-
flows across practices are a significant barrier; however, addi-
tional unaddressed barriers, such as time constraints, insufficient
training, and uncertainty about the clinical utility of these mea-
sures, further limit widespread adoption.33,35,38 To directly
address this gap, we pilot tested the implementation of ACR-
recommended PROMs for SLE9,39 across five diverse practices
to understand barriers, detractors, and motivators for adopting
PROMs as part of routine workflows.

Leveraging the CFIR framework, we identified key barriers
and motivators to inform the ACR SLE Quality Measures Imple-
mentation Guide. More importantly, CFIR helped us understand
how individual beliefs, clinical workflows, and organizational

factors affect the collection and use of SLE PROMs. For example,
standardizing check-in procedures and implementing EHR alerts
facilitated consistent PROM collection and patient identification.
Accordingly, the guide includes a section defining methods for
identifying eligible patient lists, either digitally or manually, and pro-
vides customizable swim lane diagrams to support workflow
implementation across diverse pratice settings.

Staff onboarding and training were also reported as essential
for sustained PROM use. The guide includes a dedicated medical
assistant training module and a “Testimonials and Advice from
Rheumatologists and Patients” section that showcases real-
world strategies from pilot sites. These include EHR alerts for clin-
ical staff, digital patient identification workflows, and the use of
electronic tools to streamline PROM completion during routine
SLE visits. Unlike prior studies that focus on PROM psychomet-
rics or trial-based applications, this study explores how PROMs
can be embedded in routine workflows by leveraging technology
(eg, EHR alerts, and automatic scoring) and staff engagement.
The implementation guide incorporates these insights by provid-
ing training guides, workflow templates, and culturally adapted
materials to support implementation across varied settings.

Poor mental health and PF are associated with poor SLE out-
comes. Therefore, assessment of mental health and PF using
tools like the PHQ-8 or Patient-Reported Outcomes Measure-
ment Information System (PROMIS)– Short Form Depression
and the MDHAQ or PROMIS Physical Function, respectively,
were included as recommended PROMs for SLE visits.3,9,19 Par-
ticularly for the mental health assessment during pilot testing, cli-
nicians reported that using PROMs like the PHQ-8 enabled early
identification of depression and more timely intervention. These
findings were consistent with prior studies showing that PROMs,
including mental health screening, support clinical decision-
making and enhance patient–provider communication.7,21 The
ACR SLE guide curates validated resources, including links to
national and regional mental health resources and culturally
adapted materials in multiple languages. PF assessments were
easier to implement in practices already using instruments such
as the MDHAQ for all patients, facilitating higher adoption. How-
ever, uncertainty in interpreting PF scores among patients with
comorbidities and the length of some questionnaires remained
challenges. To address these issues, the SLE Quality Measures
Implementation Guide provides recommendations for asynchro-
nous PROM completion (before or between clinic touchpoints).
In addition, a section on reimbursement programs, including the
Quality Payment Program (QPP) has been incorporated to incen-
tivize practices to measure both PROMs and clinical SLE mea-
sures, aiming toward improving overall SLE care quality. The
development of a publicly accessible, multimedia-rich, and inter-
active SLE Quality Measures Implementation Guide tailored
to diverse practice settings represents a novel approach to pro-
moting the use of PROMs and clinical SLE measure adoption
across clinics.
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Despite promising outcomes, several limitations emerged.
First, practices faced challenges in reliably identifying patients with
SLE, maintaining consistent PROM administration, and interpret-
ing scores in patients with comorbid conditions. Second, survey
fatigue and the emotional sensitivity of items (eg, the PHQ-8)
occasionally hindered patient engagement. Third, technical bar-
riers, such as unstructured EHR fields and manual data entry,
increased staff burden. In addition, the tools were developed
and tested only within a single EHR system used by the five pilot
practices. External factors, such as limited insurance coverage
and long wait times for mental health services, also constrained
the impact of PROM-guided care. Lastly, implementation out-
come metrics to evaluate the adoption of PROM and clinical mea-
sures data collection during SLE visits after launching the SLE
Quality Measures Implementation Guide have yet to be assessed.

In conclusion, the ACR SLE Quality Measures Implementa-
tion Guide translates real-world insights into actionable strategies
for embedding PROMs and longitudinal clinical measures into
routine care. It supports scalable, patient-centered SLE manage-
ment through technology, staff engagement and training, and
structured workflows. Finally, the digital SLE guide provides
unique yet customizable strategies to embed digital quality mea-
sure assessments, particularly PROMs, in routine clinical care to
ensure better care delivery standards and improve care quality
in SLE.
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Effects of Causal Beliefs About Gout on Public Views About
Gout Management: A Randomized Experimental Study

Rachel Murdoch, MBChB,1 Borislav Mihov, BPhty,1 Anne Horne, MBChB,1 Keith J. Petrie, PhD,2

Gregory D. Gamble, MSc,1 Lachlan Fleck, BHSc,1 and Nicola Dalbeth, MD1,3

Objective. Despite well-described biologic causes, the public views unhealthy lifestyle choices as the primary
cause of gout. This study investigated how causal beliefs about gout influence the public’s views about its
management.

Methods. In a randomized study, 201 members of the public viewed one of two 2-minute videos about gout. The
videos were identical except for a 45-second section describing the causes of gout using either a biologic explanation
(including genetics, kidney disease, age, sex, and diuretic therapy) or a lifestyle explanation (including diet, alcohol,
sugary drinks, and weight). Participants completed a questionnaire about gout and its management. Primary outcome
was rating of “How likely is it that long-term medications would help gout?” on an 11-point Likert scale.

Results. Participants who viewed the biologic explanation rated hereditary factors and aging as more important
causes of gout than those who viewed the lifestyle explanation, and they rated poor diet, alcohol use, and the person’s
own behavior less highly (P < 0.001 for all). In the biologic group, 13 of 99 (13.1%) gave diet or a specific dietary factor
as the most important cause compared with 62 of 102 (60.8%) in the lifestyle group. Those in the biologic group were
more likely to believe that long-term medication would help gout (mean score 7.6 vs 6.5, P = 0.001).

Conclusion. Explaining gout as caused by biologic rather than lifestyle factors affects beliefs about the benefits of
long-term medication. Accurate communication about causes of gout could affect the public’s beliefs about treatment
strategies and may improve long-term medication uptake.

INTRODUCTION

Gout is the most common cause of inflammatory arthritis in

adults.1 It can be treated effectively with long-term urate-

lowering therapy (ULT) such as allopurinol, which decreases

flares, tophi, and disability.2,3 Despite this well-established clini-

cal efficacy, ULT is frequently underprescribed when indicated

and is often discontinued by patients after initiation4–6; for exam-

ple a recent study found that about 63% of people initiating allo-

purinol did not persist with this therapy for more than a year.7

Previous qualitative research has identified several reasons

patients discontinue allopurinol, including experiencing gout

flares after starting ULT, receiving conflicting or insufficient infor-

mation about gout from health care professionals, identifying a

dietary trigger for gout, believing they did not have frequent

enough flares to warrant medication, and general concerns

about taking medication.8

Attribution theory describes the origins and consequences of

causal beliefs,9 which develop through the acquisition of informa-

tion from cultural depictions of an illness and personal experi-

ences.10 Causal beliefs help to provide an explanation for and a

sense of control over events11,12 and also influence treatment

adoption because, depending on the cause of an illness, certain

treatments make more sense. The impact of causal beliefs held

by members of a community is known to have a significant impact

on patients living within that system. Although the impact of this

has not been previously explored in gout, it has been investigated

in other diseases such as depression. A meta-analysis that

included 43 cultural groups has found that causal beliefs held by

a community strongly influenced their preferred treatment
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options. For example, members of an Indian community who

conceptualized it as a physical disease favored medication, and

those in a Malayan community who viewed it as caused by emo-

tional stress felt that counseling would be the most effective strat-

egy.13 These beliefs are clinically relevant as they can influence

whether patients seek medical care, their treatment decisions,

and adjustment to illness.11,14,15

The pathogenesis of gout involves the development of
hyperuricemia leading to the formation of monosodium urate
crystals, which deposit in bones, joints, and soft tissue.16 Studies
have attempted to quantify the contribution of genetic variants
and diet to risk of hyperuricemia. A meta-analysis of data from
16,760 people without gout from the United States found that
three dietary scores based on healthy eating guidelines each
explained less than 0.3% of the variance in serum urate, whereas
23.9% of variance in serum urate was explained by genome wide
single nucleotide variation.17 Another study of people with hyper-
uricemia and gout showed a single genetic variant had substan-
tially larger impact on hyperuricemia than four dietary patterns
that were investigated.18 Other biologic factors, such as renal
impairment, age, and diuretic use, also increase the risk of
gout.1,19–23 Some studies have shown modest reductions in
serum urate with the Dietary Approaches to Stop Hypertension
(DASH) diet in people with hypertension and hyperuricemia,24

but studies in patients with gout have not shown a sustained
impact of dietary change on serum urate. A crossover study of a
DASH-based diet showed an initial decrease in serum urate in
those randomized to a DASH-based diet compared to patients
receiving a usual diet but no difference after the crossover
period,25 and a study of dietary education in patients with gout
on ULT found that providing education on diet did not lead to a
difference in serum urate after six months.26

Despite the compelling evidence for biologic causes of gout,
it is a common belief in the community that gout is due solely to
lifestyle factors. In previous research, whenmembers of the public
were asked about the causes of two identical diseases labeled
“gout” or “urate crystal arthritis,” participants viewed “gout” as
more likely to be caused by diet, alcohol, and the person’s own
behavior and “urate crystal arthritis” as more likely to be due to

the effects of aging.27 This randomized experimental study aimed
to investigate the impact of different causal beliefs about gout on
the public’s views about gout management, specifically the need
for long-term medication.

MATERIALS AND METHODS

Study design and participants. From June 2023 to April
2024, 201 members of the public were recruited through adver-
tisements on the University of Auckland trials website, posters,
and a job search website in Aotearoa/New Zealand. Advertising
and participant information was for a study of “video and percep-
tions of illness” to avoid recruiting a disproportionate number of
the public with gout, although participants with gout were not
excluded.

Eligible participants were adults aged 18 years or older able
to complete a questionnaire in English. Ethical approval was
obtained from the University of Auckland Human Participants
Ethics Committee (UAHPEC25912), and all participants provided
written informed consent. After providing informed consent, par-
ticipants viewed one of two 2-minute animated videos about gout
and then completed a questionnaire about gout and its manage-
ment. The study was prospectively registered with the Australian
New Zealand Clinical Trials Registry (http://anzctr.org.au;
ACTRN12623000455662).

Randomization andmasking. A randomization schedule
was produced by a biostatistician using a variable block
sequence generated in Microsoft Excel (Microsoft Excel for Micro-
soft 365). Participants were randomized 1:1 to view either the bio-
logic or lifestyle explanation video. The randomization was
uploaded to REDCap (Vanderbilt University) by a researcher not
involved in the study interviews. As each participant was
recruited, their email address was entered into the secure data-
base, and they were emailed either the biologic or lifestyle video
automatically by REDCap depending on their randomization.

Procedures. Participants were asked to view the video
containing either the biologic or lifestyle description of gout shortly
before a 30-minute Zoom interview with a researcher. The inter-
viewer was blinded to group allocation. The participants were
asked not to reveal the contents of the video to the researcher.
To confirm that the participant had viewed the video, the inter-
viewer asked the participant what disease the video had been
about before the interview. If the participant answered incorrectly,
it indicated that they had not viewed the video, so they were
excluded from the analysis. Participants were able to view the
questions over Zoom as they completed the questionnaire.

The two videos were both two minutes long and had identi-
cal beginning and end sections, which answered the questions
“What is gout?” and “How is gout treated?”. The middle sections
of each video, which described the causes, were both 108 words

SIGNIFICANCE & INNOVATIONS
• This is the first randomized study to examine how

causal beliefs about gout affect views about its
management.

• A brief explanation of either the biologic or lifestyle
causes of gout can influence the public’s views
about gout management, including the necessity
of long-term medication.

• Accurate communication about the causes of gout
could affect the public’s views about its manage-
ment and improve uptake of ULT.
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and 45 seconds in duration. The biologic causes video focused
on risk factors such as genetic variants, kidney disease, male
sex, age, and diuretic use. The lifestyle causes video described
dietary risk factors and being overweight. The full text of each
video is shown in Figures 1 and 2, and the links to the videos are
available in Supplementary Table 1. Both videos included the
same description of gout management, which included reference
to medication as well as lifestyle approaches to treatment: “Anti-
inflammatory medications can be used to treat the attacks of
arthritis. A balanced diet, regular exercise, and a healthy weight
are recommended. A long-term daily medication can dissolve
the crystals and prevent future attacks.”

Demographic data were collected, and participants were
asked whether they had a history of gout or had a close friend or
relative with gout. Ethnicity was self-reported using the standard
ethnicity question from the 2018 New Zealand census.28

Participants were asked, “If you or someone you know was
diagnosed with gout, what do you think are the likely causes of
this condition?” They were asked to rate nine potential causal fac-
tors: stress or worry, hereditary factors, diet or poor eating habits,
aging, alcohol use, pollution in the environment, and the person’s
own behavior. These were rated on a five-point Likert scale from
“strongly disagree” to “strongly agree.” They were also asked
separately to provide the three most important causes of gout in
rank order, which were recorded as free text.

After the introduction “We are interested in your thoughts
about how likely different types of behavior would help your condi-
tion if you were diagnosed with gout,” participants were asked to
rate a list of seven potential management strategies: managing
stress, regular exercise, stopping or restricting alcohol, long-term
medications, changing to a healthier diet, alternative medicine,
and losing weight on an 11-point Likert scale from “would not

Figure 1. Script for biologic causes video. Section of script that differs from lifestyle explanation in bold.
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help at all” to “very likely to help.” This section included the pri-
mary outcome, the response to the question, “How likely is it that
long-term medications would help gout?”

Participants were asked to imagine that they had been diag-
nosed with gout, and their views about medications were further
explored with another set of questions, including one that was
similar to the primary outcome measure: “How likely is it that you
would need long-term medication prescribed for gout?” They
were also asked how concerned they would be to take long-term
medication for gout, how motivated they would be to take long-
term medication for gout, how serious gout is as an illness, and
how embarrassed they would be to be diagnosed with gout.
Answers were given as a rating on an 11-point Likert scale.

Illness perceptions were assessed using the Brief Illness Per-
ception Questionnaire. Before completing this questionnaire, par-
ticipants were asked to imagine they had been diagnosed with
gout and to answer the questions based on how they thought
the illness would influence their life. The questionnaire assesses

eight aspects of perceptions of illness on an 11-point Likert scale
including consequences (how much gout would affect a person’s
life), duration (how long gout would continue), personal control
(how much control the participant feels they would have over
gout), treatment control (how much medication would help), iden-
tity (severity of symptoms), concern (how concerned the partici-
pant would be about having gout), understanding, and
emotional impact.29

As the study advertisements did not specify that the illness
being studied was gout, after completing the study interview par-
ticipants were emailed a debrief sheet that provided further expla-
nation about the study and a link to patient information about
gout.30

Statistical considerations. A sample size calculation was
performed based on a previous study of disease labels in gout.27

The sample size of 200 participants allowed the detection of at
least a two-point difference for a Brief Illness Perception

Figure 2. Script for lifestyle causes video. Section of script that is different from biologic explanation in bold.
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Questionnaire item with a 90% power and an alpha of 0.05. The
primary outcome was the response to the question “How likely
is it that long-term medications would help gout?”, measured on
an 11-point Likert scale.

Demographic variables were described using number, per-
centage, mean, and SD. Between-group differences were
explored using independent sample t-tests.

Participant responses to the question asking them to provide
the three most important causes of gout in rank order were
grouped into diet, genetics, alcohol, lifestyle, aging, and “other,”
based on groupings used in previous studies.31,32 Responses
were grouped by a researcher who was blinded to the study
allocation.

Data were analyzed using IBM SPSS Statistics version
27 (IBM Corp) and SAS version 9.4 (SAS Institute Inc). Main
effects of study allocation were modeled using general linear
modeling with normal distribution and identity link function for
continuous variables to estimate between-group mean differ-
ences with and without adjustment for personal or family/friend
history of gout. Binary distribution and an identity link function
were used to estimate absolute percent difference between
groups for the adjusted and unadjusted comparisons. Measures
of effect are presented with 95% confidence intervals. To pre-
serve an overall 5% significance level within each of the objec-
tives, additional critical alphas are provided in the footnotes to
each table corrected for the number of tests performed using
the Bonferroni method. Unadjusted P values are provided
throughout.

RESULTS

Participants. Between June 30, 2023, and April 11, 2024,
219 participants were recruited. Seventeen participants did not
complete the Zoom interview, and one participant’s data were
excluded because they did not identify the disease in the video
as gout. A total of 201 participants correctly identified the disease

in the video as gout and completed the interview over Zoom with
a researcher, 99 in the biologic causes group and 102 in the life-
style causes group.

Demographic features are shown in Table 1. Of the 201 par-
ticipants, 152 (75.6%) were female. There were 47 of 201 (23.4%)
participants of Asian ethnicity, 21 of 201 (10.4%) were M�aori,
124 of 201 (61.7%) were New Zealand European, and 5 of
201 (2.5%) were Pacific peoples. The average age of participants
was 40.3 years, ranging from 19 to 87. There were 3 of 201 partic-
ipants (1.5%) with a history of gout, and 86 of 201 (42.8%) had a
family member or close friend with gout.

Causal beliefs. Participant ratings of different potential
causes of gout are shown in Table 2. Those in the biologic causes
group rated hereditary factors as a more important cause of gout
than those in the lifestyle causes group, with a mean rating of 4.6
(SD 0.7) in the biologic causes group compared with mean 3.3
(SD 1.2) in the lifestyle causes group, P < 0.001. Those in the life-
style causes group believed diet or poor eating habits, alcohol,
and the person’s own behavior were more important causes of
gout (all P values < 0.001).

When asked to provide in rank order a list of the three most
important causes of gout, 62 of 102 (60.8%) of those in the life-
style causes group and 13 of 99 (13.1%) of those in the biologic
causes group gave either diet in general or a specific dietary factor
as the most important cause (P < 0.001). In the biologic causes
group, 74 of 99 (74.7%) gave genetics as the most important
cause compared with 9 of 102 (8.8%) in the lifestyle causes
group, P < 0.001 (Table 3).

Management strategies. In the biologic causes group,
the mean participant rating in response to the question “How
likely is it that long-term medicines would help gout?” (the primary
outcome measure) was 8.7 (SD 1.4) compared with 7.9 (SD 1.9)
in the lifestyle causes group, P = 0.001 (Table 4). Consistent with
this result, when asked the question, “How likely is it that you

Table 1. Participant characteristics

Demographic variable All participants, N = 201 Biologic causes, N = 99 Lifestyle causes, N = 102

Gender, n (%)
Female 152 (75.6) 75 (75.8) 77 (75.5)
Male 48 (23.9) 24 (24.2) 24 (23.5)
Other 1 (0.5) 0 (0) 1 (1.0)

Age (mean [SD], range), 40.3 (18.8), 19–87 41.6 (19.2), 20–87 38.9 (18.3), 19–82
Ethnicity, N (%)
Asian 47 (23.4) 18 (18.2) 29 (28.4)
M�aori 21 (10.4) 16 (16.2) 5 (4.9)
New Zealand European 124 (61.7) 62 (62.6) 62 (60.8)
Other 4 (2.0) 2 (2.0) 2 (2.0)
Pacific peoples 5 (2.5) 1 (1.0) 4 (3.9)

Experience of gout, N (%)
Personal diagnosis of gout 3 (1.5) 3 (3.0) 0 (0)
Diagnosis of gout in
family or close friend

86 (42.8) 46 (46.5) 40 (39.2)
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would need long-term medication prescribed for gout?”, those in
the biologic causes group gave a mean rating of 7.6 (SD 2.2)
compared with 6.5 (SD 2.4) in the lifestyle causes group,
P = 0.001 (Supplementary Table 2). Changing to a healthier diet,
reducing alcohol, and losing weight were all given higher ratings
by the lifestyle causes group than the biologic causes group (all
P values < 0.001).

Both groups viewed lifestyle changes such as regular
exercise, stopping or restricting alcohol, changing diet, and
losing weight as likely to be effective, with all these manage-
ment strategies rated above 7.5 on a 0 to 10 scale by both
groups. There was no difference between the two groups in
motivation to take long-term medications or concern about
taking long-term medications or in ratings of how serious gout

is as an illness or how embarrassed they would be if they were
diagnosed with it.

Illness perceptions. There were no differences between
the two groups in ratings of the eight aspects of illness percep-
tions (Supplementary Table 3).

DISCUSSION

This experimental randomized study has demonstrated that
a brief intervention explaining either the biologic or lifestyle causes
of gout affects not only the public’s views about the causes of
gout but also likely its management, including the need for long-
term medication. This was despite there being no difference in

Table 2. Causes of gout, rated on a 5-point Likert scale from 1 “strongly disagree” to 5 “strongly agree”*

Cause
Biologic causes,
mean score (SD)

Lifestyle causes,
mean score (SD)

Unadjusted mean
difference (95% CI) P

Adjusted mean
difference (95% CI) P

Stress or worry 2.6 (1.1) 2.6 (1.0) −0.0 (−0.3 to 0.3) 0.83 −0.01 (−0.31 to 0.29) 0.94
Hereditary 4.6 (0.7) 3.3 (1.2) 1.3 (1.0 to 1.6) <0.001 1.34 (1.07 to 1.60) <0.001
Diet or poor eating habits 4.0 (0.8) 4.7 (0.5) −0.7 (−0.9 to −0.5) <0.001 −0.68 (−0.87 to −0.50) <0.001
Aging 4.1 (0.8) 3.4 (1.0) 0.6 (0.4 to 0.9) <0.001 0.65 (0.39 to 0.92) <0.001
Alcohol use 3.7 (0.9) 4.6 (0.5) −0.9 (−1.1 to −0.7) <0.001 −0.93 (−1.13 to −0.72) <0.001
Pollution 2.3 (0.9) 2.0 (0.9) 0.3 (0.1 to 0.6) 0.009 0.33 (0.08 to 0.58) 0.0095
Chance or bad luck 2.6 (1.2) 2.2 (1.0) 0.3 (0.0 to 0.6) 0.04 0.30 (−0.01 to 0.61) 0.058
A germ or virus 1.9 (1.0) 1.8 (0.9) 0.1 (−0.1 to 0.4) 0.29 0.16 (−0.11 to 0.44) 0.23
The person’s own behavior 3.1 (1.2) 3.8 (0.8) −0.7 (−1.0 to −0.4) <0.001 −0.70 (−0.99 to −0.41) <0.001

* Bolded values signify statistical significance. P value for significance adjusted for multiple comparisons using Bonferroni correction; P value
for significance = 0.006; adjustment was for personal history of gout or history of gout in a close friend or relative. CI, confidence interval.

Table 3. Participant listing of most likely cause of gout*

Grouped cause

Biologic causes group:
most important cause
of gout, n (%), n = 99

Lifestyle causes group:
most important cause
of gout, n (%), n = 102

Unadjusted percentage
difference (95% CI) P

Adjusted percentage
difference (95% CI) P

Diet 13 (13.1) 62 (60.8) −47.7 (−59.2 to −36.1) <0.001 −48.5 (−60.0 to −37.0) <0.001
Genetics 74 (74.7) 9 (8.8) 65.9 (55.8 to 76.1) <0.001 65.9 (55.7 to 75.9) <0.001
Alcohol 2 (2) 16 (15.7) −13.7 (−21.3 to −6.1) <0.001 −12.9 (−20.9 to −4.8) 0.002
Lifestyle 2 (2) 3 (2.9) −0.9 (−5.2 to 3.4) 0.71 −0.89 (−5.3 to 3.50) 0.69
Aging 3 (3) 2 (2) 1.1 (−3.2 to 5.4) 0.66 1.7 (−5.3 to 8.7) 0.64
Othera 6 (6.1) 10 (9.8) −3.7 (−1.1 to 3.7) 0.33 −4.6 (−1.2 to 2.9) 0.23

* Bolded values signify statistical significance. P value for significance adjusted for multiple comparisons using Bonferroni correction; P value
for significance = 0.008; adjustment was for personal history of gout or history of gout in a close friend or relative. CI, confidence interval.
a Other: high cholesterol, liver disease, smoking, stress, kidney disease, weight, urate.

Table 4. Management strategies for gout, scale 0 “wouldn’t help it at all” to 10 “very likely to help”*

Management strategy
Biologic causes, mean

score (SD)
Lifestyle causes, mean

score (SD)
Unadjusted mean
difference (95% CI) P

Adjusted mean
difference (95% CI) P

Managing stress 5.6 (2.6) 5.8 (2.4) −0.2 (−0.9 to 0.5) 0.57 −0.17 (−0.87 to 0.53) 0.63
Regular exercise 7.8 (2.1) 8.2 (2.0) −0.4 (−1.0 to 0.1) 0.14 −0.45 (−1.03 to 0.13) 0.13
Stopping/restricting alcohol 7.8 (2.2) 9.0 (1.3) −1.2 (−1.7 to −0.7) <0.001 −1.24 (−1.74 to −0.73) <0.001
Long-term medication 8.7 (1.4) 7.9 (1.9) 0.8 (0.3–1.3) 0.001 0.79 (0.31–1.27) 0.001
Changing to a more
healthy diet

8.5 (1.8) 9.3 (1.0) −0.8 (−1.2 to 0.4) <0.001 −0.85 (−1.26 to −0.44) <0.001

Alternative medication 4.9 (2.7) 5.0 (2.6) −0.1 (−0.9 to 0.6) 0.77 −0.06 (−0.81 to 0.69) 0.87
Losing weight 7.5 (2.2) 8.7 (1.4) −1.3 (−1.8 to −0.8) <0.001 −1.29 (−1.81 to −0.77) <0.001

* Bolded values signify statistical significance. P value for significance adjusted for multiple comparisons using Bonferroni correction; P value
for significance = 0.007; adjustment was for personal history of gout or history of gout in a close friend or relative. CI, confidence interval.

CAUSAL BELIEFS AND GOUT MANAGEMENT 1483



the description of treatment options for gout that was provided to
the two groups. Therefore, providing accurate information to the
public about the causes of gout is a viable strategy for changing
illness beliefs and increasing acceptance for the use of long-term
medication in the community.

A key finding of this study was that a brief intervention had an
impact on causal beliefs, as demonstrated by the differences
between groups in what they believed to be the most important
cause of gout. This shows that the intervention was effective in
influencing causal beliefs and that it was correctly delivered. The
video format, containing both audio and visual material, likely con-
tributed to making the intervention understandable and impactful.

The findings align with prior research investigating the
impact of causal beliefs in other illnesses. In patients experienc-
ing a first myocardial infarction, four half-hour sessions with a
psychologist involving a discussion about causal beliefs and
the link between the causes of the disease and the treatment
plan resulted in a change in causal attributions and a greater
intention to attend cardiac rehabilitation.33 In another study,
members of the public provided with a psychological explana-
tion of a mental illness were more likely to believe the illness to
be curable and less likely to believe hospitalization would be
essential than those given a biologic explanation.34 This is the
first study to demonstrate the efficacy of an intervention aimed
at influencing causal beliefs in gout and has also shown that
even a very brief intervention can be effective in changing the
public’s views about gout management.

A practical application of these findings is that they sup-
port calls for improvements in the accuracy of information
about gout being accessible to the public. Our results indicate
that discussion about the causes of gout could be an effective
way of improving acceptance of long-term ULT. Inaccurate
information about the causes of gout is frequently dissemi-
nated to the public through newspapers, films, and television.
For example, an analysis of newspaper articles about gout
found that unhealthy foods and beverages were reported as
the cause in 63% of articles whereas biologic causes were
included in 40% of articles.35 Additionally, only 12% of fictional
depictions of gout in film and television since 1990 included men-
tion of any biologic cause of gout.36 A previous randomized study
demonstrated that these media depictions affect the public’s views
about both the causes and management of gout.31 In the current
study, both groups gave high ratings for the likely efficacy of lifestyle
interventions, reflecting widespread positive views about the bene-
fits of dietary interventions for gout. The findings from this study
strengthen calls for accurate public commentary about the causes
of gout, as they indicate that causal beliefs impact views on its
long-term management. It highlights the opportunity for public
health campaigns that discuss the causes of gout. Our findings
also strengthen the justification for development of guidelines for
media reporting and depictions of gout, which could be published
by nongovernmental organizations or professional groups. Media

guidelines exist for reporting on other diseases such as HIV that
have historically had inaccurate depictions in film, television, and
newspaper.37 Previous research has shown people with gout fre-
quently experience blame from others as well as inaccurate man-
agement advice, which can delay them from receiving effective
treatment with ULT.38,39 Therefore, improving the accuracy of infor-
mation about the causes of gout that is accessible to the public is a
strategy that could help people with gout receive better support
with their management from their communities.

Strengths of this study include that it was randomized,
was blinded, and had a large sample size. Incomplete ques-
tionnaires were avoided as participants completed them over
Zoom with a researcher. The videos were identical other than
a short section discussing potential causes of gout, and both
contained text discussing medication and lifestyle manage-
ment strategies. The questionnaires used in the study to evalu-
ate views on illness perceptions and the causes and
management of gout have been used in previous gout-related
research.27,32,40–43 Participants were asked about the need
for long-term medication more than once in the questionnaire,
and the responses were consistent.

Limitations include the short duration of the study; it is unclear
how long the effect of viewing the video lasts, as participants viewed
the video shortly before the study interview. No pre-exposure ques-
tionnaire was performed to evaluate whether individual participant
answers changed before and after the intervention. As both groups
were members of the community recruited in the same way, it was
assumed that they had similar baseline knowledge about gout. As
depictions of gout emphasizing lifestyle causes are very
prevalent,35,36 repeated exposure to explanations about the biologic
causes of gout may be required tomaintain an awareness of the effi-
cacy of long-term medication. The study did not include a group
examining the effects of a video containing causal information about
both biologic and lifestyle factors. This study focused on the views of
members of the public; it is unknown whether the intervention would
have a similar effect on people with gout themselves and whether
beliefs about the benefits of long-term medication translate into
actually taking urate-lowering medications.

In summary, this study has demonstrated that a brief inter-
vention describing the biologic causes of gout affects views
about the likely benefits and necessity of long-term medication.
This confirms the importance of ensuring that accurate informa-
tion about the biologic causes of gout is accessible to patients
and the wider community and demonstrates that even a brief
intervention targeting causal beliefs in gout affects views on its
management.
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Long-Term Lignan Intake, Whole Grain Foods, and the Risk
of Gout: Results From Two Prospective Cohort Studies

Sharan K. Rai,1 Yang Hu,2 Ming Ding,3 Frank B. Hu,4 Molin Wang,4 Jorge E. Chavarro,4 Natalie McCormick,5

Hyon K. Choi,6 and Qi Sun4

Objective. Multiple plant-based dietary patterns are inversely associated with gout, although the individual constit-
uents driving this association remain unclear. Dietary lignans, a major group of phytoestrogens abundant in plant
foods, are metabolized by the gut microflora and may modulate gout risk. We examined the associations between die-
tary lignan intake, certain whole grain foods rich in lignans, and incident gout.

Methods. We analyzed data from 122,680 individuals in the Health Professionals Follow-up Study and Nurses’
Health Study. We administered a food frequency questionnaire every two to four years. We used Cox models to eval-
uate associations between dietary lignans, whole grain foods, and confirmed gout.

Results. Higher intakes of matairesinol (hazard ratio [HR] comparing extreme quintiles, 0.78; 95% confidence inter-
val [CI], 0.69–0.90; P trend = 0.002) and secoisolariciresinol (HR, 0.78; 95% CI, 0.68–0.89; P trend = 0.002) were both
associated with lower gout risk, whereas pinoresinol and lariciresinol were not associated with gout. We found inverse
associations of whole grain cold breakfast cereals (HR for those consuming ≥1 serving per day, 0.62; 95% CI, 0.53–
0.73), cooked oatmeal/oat bran (HR for those consuming ≥2 servings per week, 0.78; 95% CI, 0.70–0.86), and bran
added to food (HR for those consuming ≥2 servings per week, 0.84; 95% CI, 0.74–0.95), but not dark breads or other
cooked breakfast cereals, with gout.

Conclusion. Higher intakes of matairesinol and secoisolariciresinol, as well as whole grain cold breakfast cereals,
oatmeal, and added bran, were each significantly associated with lower gout risk. These findings support adherence
to healthful plant-based diets for gout and support a potential role of the gut microbiome in gout pathogenesis.

INTRODUCTION

Gout is the most common inflammatory arthropathy world-

wide and is causally preceded by hyperuricemia.1,2 Gout pre-

dominantly affects men, as their serum urate (SU) level remains

largely unchanged in adulthood.3,4 Conversely, there is a signifi-

cant correlation between SU and age among women, with levels

increasing sharply during and after menopause.3,4 Indeed, prior

research has shown that postmenopausal women are at an

increased risk of developing gout.5 This is primarily thought to be

due to the uricosuric effect of estrogen,6 which declines during

menopause. Conversely, the use of hormone therapy may lower

SU; the Heart and Estrogen-Progestin Replacement Study, a ran-

domized trial among 2,756 women, found that those treated with

hormone therapy had slightly lower levels of SU after 12 months.7

Similar findings have been reported from observational studies.
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For example, postmenopausal hormone use was associated with

lower SU among women in the Third National Health and Nutrition

Examination Survey.8 Another study of 61 postmenopausal

women in Japan found that hormone therapy reduced SU among

those with hyperuricemia.9 However, the potential adverse effects

associated with hormone therapy use make it unpractical for the

sole purpose of gout prevention or treatment.
Meanwhile, diet is a well-established modifiable risk factor for

gout. For example, conventional purine-loading factors such as
red meat,10 seafood,10 fructose,11 and alcohol12 have all been
shown to be independently associated with higher gout risk. Con-
versely, low-fat dairy products,10 coffee,13 and vitamin C14 are
inversely associated with gout risk. More recently, studies have
found inverse associations between healthy plant-based15 or fully
vegetarian16 diet patterns and incident gout, although the individ-
ual plant constituents driving this relationship remain unknown.
The link between endogenous estrogens and SU/gout suggests
that modifiable factors capable of modulating estrogen metabo-
lism may also modulate the risk of gout. To that end, phytoestro-
gens are a family of plant-derived compounds that bear a
structural similarity to 17β-estradiol (E2) and can exert weak
estrogen-like effects by binding to estrogen receptors (ERs).17

Dietary lignans, including matairesinol, secoisolariciresinol, pinor-
esinol, and lariciresinol, form a major group of phytoestrogens in
the human diet.18 They are abundant in many plant-based foods
commonly consumed in the western diet (eg, whole grain cereals,
flax, fruits, vegetables, red wine, tea, and coffee).18 These poten-
tially beneficial secondary plant metabolites are metabolized by
the gut microbiota to form more bioactive enterolignans, which
can then act as weak estrogens and bind with low affinity to
ERs.18–20 This is particularly relevant to gout, which is associated
with gut dysbiosis and partly modulated by diet.21

Taken together, the established associations between
endogenous estrogen, the gut microbiome, and incident gout
combined with the structural similarity of dietary lignans to E2 sug-
gest that long-term dietary lignan intake may be inversely associ-
ated with gout risk, although this has yet to be investigated.
Therefore, we analyzed data collected in two large ongoing pro-
spective cohorts of US men and women to examine the associa-
tions between habitual dietary lignan intake and the risk of incident
gout. Moreover, to enhance clinical applicability, we also exam-
ined the associations between commonly consumed whole grain
foods that are rich in lignans and the risk of gout.

PATIENTS AND METHODS

Study population. The Nurses’ Health Study (NHS) was
initiated in 1976 when 121,700 female registered nurses (aged
30–55 years) responded to a mailed questionnaire with informa-
tion about their medical history and lifestyle habits. In 1986, the
Health Professionals Follow-up Study (HPFS) was initiated with
51,529 male health professionals (aged 40–75 years) who
responded to a questionnaire similar to that used in the NHS.
Every two years thereafter, participants continued to provide
detailed responses on lifestyle, health behaviors, and medical his-
tory (response rate �90% each cycle) in both cohorts. At base-
line, we excluded individuals with prevalent gout, implausible
energy intake (defined as <500 or >3,500 kcal/day for women
and <800 or >4,200 kcal/day for men), and who were missing
data on dietary lignan intake from the study population. The final
baseline study population included 43,703 men in the HPFS and
78,977 women in the NHS.

Assessment of dietary intake. In 1984, participants in
the NHS completed a 116-item food frequency questionnaire
(FFQ) to provide information on their usual intake of various foods
and beverages. From 1986 onward, an expanded questionnaire
(�130 food items) has been administered to both NHS and HPFS
participants every four years to collect updated dietary data. On
each FFQ, participants indicated how often, on average, they
consumed a predefined portion of �130 food items over the pre-
vious year. Participants selected from nine response categories
ranging from “never or less than once per month” to “six or more
times per day.” The reliability and validity of the FFQ have been
described in detail previously.22–25

Average daily individual lignan intakes (ie, matairesinol, secoi-
solariciresinol, pinoresinol, and lariciresinol) were calculated by
multiplying each lignan-containing food item’s consumption fre-
quency by the lignan content of its specified portion size, and then
summing the contributions from all relevant food items. Total lig-
nan intake was calculated as the sum of the four individual
lignans. The nutrient composition values were obtained from the
Harvard University Food Composition Database, which is based
primarily on US Department of Agriculture sources and

SIGNIFICANCE & INNOVATIONS
• Prior work has shown that dietary lignans, a major

group of phytoestrogens abundant in plant-based
diets, are metabolized by the gut microflora and
can act as weak estrogens; whether these dietary
factors are associated with the clinical endpoint of
gout remains unknown.

• Higher intakes of two lignans, matairesinol and
secoisolariciresinol, are significantly associated with
lower gout risk.

• Selected whole grain foods rich in lignans, including
whole grain cold breakfast cereals, cooked oatmeal/
oat bran, and bran added to food, are also inversely
associated with incident gout.

• These findings support adherence to healthful
plant-based diets for gout prevention and support
a potential role of the gut microbiome in gout
pathogenesis.
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supplemented with other data sources as needed. Phytoestro-
gens from supplements were not included in these calculations.

We additionally identified five of the top contributing sources
of dietary lignans that had not been previously studied in relation
to incident gout in these cohorts. These foods were dark bread
(encompassing wheat, oatmeal, rye, pumpernickel, other whole
grain breads, and wheat pita bread), whole grain cold breakfast
cereal, cooked oatmeal or oat bran, other cooked breakfast
cereals, and bran that is added to food. Participants who reported
consuming any cold breakfast cereal were asked to provide infor-
mation about the type and brand name, which was then matched
with data from the cereal manufacturer to estimate whole grain
content. Cold breakfast cereals were considered whole grains if
they contained at least 25% whole grain or bran content by
weight.

Gout case ascertainment. We defined incident gout
cases as those meeting the American College of Rheumatology
(ACR) survey criteria for gout.26 On each biennial questionnaire,
participants indicated whether they had received a diagnosis of
gout from a clinician. A supplementary questionnaire with the
ACR criteria was mailed to participants who self-reported gout
to confirm the diagnosis. As in previous studies using these
cohorts, the primary endpoint was incident gout meeting at least
6 of the 11 ACR criteria: (1) more than one attack of acute arthritis,
(2) maximum inflammation developed within one day, (3) oligoar-
thritis attack, (4) redness observed over joints, (5) painful or swol-
len first metatarsophalangeal joint, (6) unilateral first
metatarsophalangeal joint attack, (7) unilateral tarsal joint attack,
(8) tophus, (9) hyperuricemia, (10) asymmetric swelling within a
joint (or on radiography), and (11) complete resolution of an
attack. As part of a prior pilot validation study in the HPFS, two
board-certified rheumatologists reviewed the medical records of
50 men who self-reported a gout diagnosis; the concordance rate
between their medical record review and the ACR survey criteria
was 94%.10

Covariate assessment. Every two years, participants pro-
vided updated information on lifestyle factors (eg, physical activ-
ity), new medical diagnoses, and medication use. Self-reported
height and body weight were collected at baseline in both
cohorts, and weight was updated every two years thereafter.
The reproducibility and validity of self-reported body weight have
been evaluated previously in a subset of men and women enrolled
in these cohorts.27 Self-reported weights were found to be highly
correlated with the average of two standardized measurements
taken six months apart by trained technicians (Pearson correla-
tion coefficient of 0.97 for both men and women).27 Among
women, we also collected information on oral contraceptive use
(baseline only), menopausal status, and postmenopausal
hormone use.

To minimize confounding by overall diet quality, we identified
two diet quality indices using factor analysis (principal compo-
nents) of 37 prespecified food groups as has been done previ-
ously in our cohorts.28,29 As lignans are found in many foods
common to the human diet, we excluded the top lignan-
contributing foods from these 37 groups to avoid overadjusting
for lignan intake. We used an orthogonal rotation procedure that
resulted in two factors (ie, diet quality indices) that were uncorre-
lated with one another (Supplemental Figure 1).

Statistics. We calculated person-years of follow-up from
the return of the baseline questionnaires until either the gout diag-
nosis date, death, date of last return of a valid follow-up question-
naire, or the follow-up period ended (January 2012 in HPFS and
June 2010 in NHS), whichever came first. We divided lignan
intake into quintiles, as this approach does not make assump-
tions about linearity and minimizes the influence of outliers. To test
for a linear trend, we assigned the median intake value of each lig-
nan within each category and modeled this as a continuous
variable.

We used prespecified cutoffs to categorize the intake level of
food items. For whole grain cold breakfast cereal and dark bread,
we used four categories: never or less than one serving per
month, one serving per month to one serving per week, two to
six servings per week, and one or more serving per day. As oat-
meal/oat bran, other cooked breakfast cereals, and added bran
each have lower overall intake levels, we used three categories
for these foods: never or less than one serving per month, one
serving per month to one serving per week, and two or more serv-
ings per week. We used the continuous variable for each food
item to calculate the P value for the trend.

All dietary variables were cumulatively averaged over the
entire follow-up to better reflect long-term habitual intake and
minimize within-person variation. The values of nondietary covari-
ates were updated every two years to account for changes in
these variables over time. To minimize missing covariates, we
replaced missing data on body mass index (BMI) and physical
activity by carrying forward observations from the preceding
questionnaire for one follow-up cycle, and we created missing
indicators to handle any remaining missing values.

We used time-varying Cox proportional hazards regression
models to evaluate the association between lignan intake and
whole grain foods rich in lignans with incident gout. We used
age (years) as the time scale and stratified by calendar time in
two-year intervals.30 To examine the relation between lignan
intake and gout, we adjusted for energy intake (quintiles), BMI
(<21, 21–22.9, 23–24.9, 25–26.9, 27–28.9, 29–30.9, 31–32.9,
33–34.9, ≥35, or missing), history of hypertension, history of renal
failure (men only), diuretic use, physical activity (quintiles or miss-
ing), total vitamin C intake (0–249, 250–499, 500–999, 1,000–
1,499, >1,500 mg/day), and both diet quality indices (quintiles).
As beer is both an established risk factor for gout12 and
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substantial contributor of both pinoresinol and lariciresinol intake,
we further adjusted for beer consumption (<1 serving per month,
1 per month to 1 per week, 2–4 per week, 5 per week to 1 per
day, >1 per day) in a separate model. Among women, the model
was further adjusted for oral contraceptive use, menopausal sta-
tus, and postmenopausal hormone use (premenopausal, post-
menopausal never, current, or past users, or missing). We
evaluated the proportional hazards assumption by testing the sig-
nificance of the interaction term between our exposure of interest
and age using a likelihood ratio test; no violation of this assump-
tion was observed (all P for interaction > 0.05). In our analysis of
lignan intake, we also conducted a sensitivity analysis to further
control for residual confounding by beer consumption by restrict-
ing our study population to infrequent beer drinkers, which we
defined as up to one drink per month, as has been done previ-
ously among men in this cohort.12

Next, to examine the relation between whole grain foods and
gout, we adjusted for energy intake, BMI, history of hypertension,
history of renal failure (men only), diuretic use, physical activity,
total vitamin C intake, beer intake, coffee intake (0, <1, 1–3, 4+
cups per day), and both diet quality indices. Among women, we
again further adjusted for oral contraceptive use, menopausal sta-
tus, and postmenopausal hormone use.

Finally, we conducted analyses stratified by adiposity (BMI
<25 vs ≥25), hypertension status (yes vs no), physical activity level
(above vs below median), total fiber intake (above vs below
median), and bowel movement frequency (more than once per
day vs once a day or less). We tested for potential effect modifica-
tion by these variables by including cross-product terms in our
models.

All analyses were conducted separately within each cohort,
and cohort-specific hazard ratios (HRs) were pooled using a
fixed-effects meta-analysis model. We used the Cochran Q statis-
tic to assess potential heterogeneity across the cohorts. As a sen-
sitivity analysis, we reanalyzed the pooled HRs by using a
random-effects meta-analysis model. All statistical tests were
two-sided with a significance level of 0.05. All analyses were con-
ducted using SAS version 9.4 for UNIX (SAS Institute Inc). The
study protocol was approved by the Institutional Review Boards
of the Brigham and Women’s Hospital, Harvard T. H. Chan
School of Public Health, and Massachusetts General Hospital.

RESULTS

Baseline characteristics and patterns of lignan
intake. Participant characteristics according to total
lignan intake at baseline are shown in Table 1. Participants with
higher total lignan intake tended to be older and had higher levels
of physical activity, a lower BMI, and higher diet quality. Alcohol
intake was greatest among those in the highest quintile of total lig-
nan intake, although men consumed more alcohol than women

(median intake 11.8 g per day among men vs 3.9 g per day
among women in the extreme quintiles).

In both cohorts, lignan intake increased during the follow-up,
although the trends among covariates were unchanged. Partici-
pant characteristics at the median follow-up are shown in Supple-
mental Table 1. Food contributors to lignan intake were largely
stable over the follow-up except for secoisolariciresinol, for which
flaxseed drove the majority of intake after it was added to the FFQ
beginning in 2006. Beer intake contributed to �7% to 12% of
pinoresinol intake among women in the early follow-up period
and�11% to 30% of pinoresinol intake over the follow-up among
men. In both cohorts, the proportion of lignan intake obtained
from beer declined over the study period. In both cohorts, intakes
of all four lignans were highly correlated with each other
(Supplemental Figure 2). During follow-up, the age-adjusted
Spearman correlations ranged from 0.36 (P < 0.0001) between
matairesinol and secoisolariciresinol in the NHS to 0.75 (P <
0.0001) between pinoresinol and lariciresinol in the HPFS. Matair-
esinol was the most highly correlated with oatmeal and bran
added to food. Pinoresinol and lariciresinol were both also corre-
lated with oatmeal and added bran, as well as total vitamin C
intake. Pinoresinol was also highly correlated with beer intake,
particularly among men.

Lignan intake and incident gout. Over 2,704,899
person-years of follow-up, we documented 2,709 cases of inci-
dent gout. In the fully adjusted multivariable models, higher
matairesinol and secoisolariciresinol intake were both associated
with significantly lower risk of gout, although the association
between secoisolariciresinol was only apparent among women
(P for heterogeneity = 0.0003). Neither pinoresinol nor lariciresinol
was associated with gout in either cohort (Table 2). Among men,
before further adjustment for beer consumption, we initially
observed significant positive associations between both pinoresi-
nol and lariciresinol intake and incident gout. These associations
were no longer significantly associated with gout after further
adjustment for beer intake. Therefore, in the final multivariable
model that adjusted for beer intake, comparing extreme quintiles,
the pooled HRs were 0.78 (95% confidence interval [CI], 0.69–
0.90) for matairesinol (P trend = 0.002), 0.78 (95% CI, 0.68–
0.89) for secoisolariciresinol (P trend = 0.002), 0.91 (95% CI,
0.78–1.06) for pinoresinol (P trend = 0.22), and 0.94 (95%
CI, 0.80–1.10) for lariciresinol (P trend = 0.38) (Table 2).

To further control for residual confounding by beer intake, we
repeated our analysis of lignan intake by restricting to those who
reported infrequent beer consumption (defined as up to one drink
per month) for each FFQ cycle. Our results were consistent with
the main analysis, with higher intakes of matairesinol (HR for
extreme quintile = 0.78; 95% CI, 0.66–0.92; P trend = 0.03) and
secoisolariciresinol (HR, 0.76; 95% CI, 0.64–0.90; P trend =
0.001) both significantly associated with a lower risk of gout,
whereas pinoresinol and lariciresinol were not associated with
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Table 2. Cohort-specific and pooled associations between lignan intake and gout risk in the Health Professionals Follow-up Study (1986–2012)
and Nurses’ Health Study (1984–2010)*

Q1 Q2 Q3 Q4 Q5 P for trenda

Total lignans
HPFS
Gout cases/person-
years

299/176,522 355/176,872 348/177,071 332/177,273 373/177,609 –

Age-adjusted model 1.0 1.17 (1.00–1.36) 1.13 (0.97–1.32) 1.07 (0.92–1.26) 1.20 (1.03–1.40) 0.09
Multivariable modelb 1.0 1.19 (1.02–1.40) 1.20 (1.02–1.42) 1.18 (0.99–1.40) 1.47 (1.22–1.76) 0.0002
Multivariable model +
beerc

1.0 1.09 (0.93–1.27) 1.02 (0.86–1.21) 0.94 (0.78–1.12) 1.04 (0.85–1.27) 0.95

NHS
Gout cases/person-
years

230/363,427 245/363,739 186/363,926 184/363,977 157/364,484 –

Age-adjusted model 1.0 1.02 (0.85–1.23) 0.75 (0.61–0.91) 0.72 (0.59–0.87) 0.59 (0.48–0.73) <0.0001
Multivariable modelb 1.0 1.02 (0.84–1.23) 0.76 (0.61–0.94) 0.76 (0.61–0.95) 0.70 (0.55–0.91) 0.001
Multivariable model +
beerc

1.0 1.00 (0.83–1.21) 0.74 (0.59–0.91) 0.73 (0.58–0.91) 0.66 (0.51–0.86) 0.0002

Pooled (fixed effects)
Age-adjusted model 1.0 1.10 (0.98–1.24) 0.96 (0.85–1.09)d 0.92 (0.81–1.04)d 0.93 (0.83–1.05)d 0.22d

Fully adjusted modelc 1.0 1.05 (0.93–1.19) 0.90 (0.79–1.03)d 0.85 (0.73–0.98) 0.88 (0.75–1.03)d 0.08d

Matairesinol
HPFS
Gout cases/person-
years

376/175,675 316/176,597 373/177,311 341/177,669 301/178,094 –

Age-adjusted model 1.0 0.83 (0.71–0.96) 0.96 (0.83–1.11) 0.86 (0.75–1.00) 0.76 (0.65–0.88) 0.002
Multivariable modelb 1.0 0.79 (0.68–0.91) 0.90 (0.78–1.05) 0.82 (0.70–0.95) 0.77 (0.66–0.91) 0.02
Multivariable model +
beerc

1.0 0.80 (0.68–0.93) 0.92 (0.80–1.07) 0.85 (0.72–0.99) 0.81 (0.69–0.96) 0.07

NHS
Gout cases/person-
years

214/362,724 240/363,141 202/364,454 182/364,505 164/364,730 –

Age-adjusted model 1.0 1.08 (0.89–1.29) 0.89 (0.73–1.08) 0.76 (0.62–0.93) 0.64 (0.52–0.79) <0.0001
Multivariable modelb 1.0 1.04 (0.86–1.25) 0.86 (0.70–1.05) 0.76 (0.61–0.94) 0.73 (0.58–0.92) 0.0006
Multivariable model +
beerc

1.0 1.04 (0.86–1.25) 0.86 (0.70–1.06) 0.76 (0.62–0.94) 0.73 (0.58–0.92) 0.0007

Pooled (fixed effects)
Age-adjusted model 1.0 0.92 (0.82–1.03)d 0.93 (0.83–1.05) 0.83 (0.73–0.93) 0.71 (0.63–0.81) <0.0001d

Fully adjusted modelc 1.0 0.88 (0.78–0.99)d 0.90 (0.80–1.02) 0.82 (0.72–0.92) 0.78 (0.69–0.90) 0.002d

Secoisolariciresinol
HPFS
Gout cases/person-
years

337/176,375 320/176,908 371/177,072 336/177,322 343/177,669 –

Age-adjusted model 1.0 0.93 (0.80–1.08) 1.07 (0.92–1.24) 0.96 (0.82–1.11) 0.97 (0.83–1.13) 0.72
Multivariable modelb 1.0 0.92 (0.79–1.08) 1.06 (0.91–1.24) 0.96 (0.82–1.13) 1.02 (0.87–1.20) 0.74
Multivariable model +
beerc

1.0 0.87 (0.74–1.02) 0.98 (0.84–1.15) 0.88 (0.75–1.03) 0.93 (0.79–1.10) 0.53

NHS
Gout cases/person-
years

274/363,589 217/363,763 205/363,958 174/364,103 132/364,141 –

Age-adjusted model 1.0 0.75 (0.63–0.89) 0.68 (0.57–0.82) 0.56 (0.46–0.68) 0.41 (0.34–0.51) <0.0001
Multivariable modelb 1.0 0.77 (0.64–0.92) 0.75 (0.62–0.91) 0.66 (0.54–0.81) 0.56 (0.44–0.71) <0.0001
Multivariable model +
beerc

1.0 0.76 (0.63–0.92) 0.75 (0.62–0.90) 0.65 (0.53–0.80) 0.55 (0.44–0.70) <0.0001

Pooled (fixed effects)
Age-adjusted model 1.0 0.85 (0.75–0.95) 0.89 (0.80–1.00)d 0.78 (0.69–0.88)d 0.72 (0.64–0.82)d <0.0001d

Fully adjusted modelc 1.0 0.82 (0.73–0.93) 0.88 (0.78–0.99)d 0.78 (0.69–0.89)d 0.78 (0.68–0.89)d 0.002d

Pinoresinol
HPFS
Gout cases/person-
years

294/176,545 338/177,014 345/177,078 356/177,375 374/177,334 –

Age-adjusted model 1.0 1.14 (0.98–1.34) 1.16 (0.99–1.35) 1.19 (1.02–1.38) 1.25 (1.07–1.46) 0.007
Multivariable modelb 1.0 1.15 (0.98–1.35) 1.20 (1.02–1.41) 1.27 (1.08–1.50) 1.48 (1.25–1.74) <0.0001
Multivariable model +
beerc

1.0 1.06 (0.90–1.25) 1.05 (0.88–1.24) 1.03 (0.86–1.23) 0.98 (0.80–1.20) 0.68

(Continued)
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gout (Table 3). Our results did not change materially when we
pooled estimates from both cohorts using a random-effects
meta-analysis model as a further sensitivity analysis.

Subgroup analyses. We further examined the association
of individual lignan intake with incident gout in stratified analyses.
After adjusting for the same covariates as in the main analysis,
the inverse association between matairesinol intake and gout
was stronger among those who had lower fiber intake (P for inter-
action = 0.007). We found no other significant effect modification
between individual lignans and adiposity, hypertension, physical
activity, total fiber intake, or bowel movement frequency (all P for
interaction > 0.05) (Table 4).

Whole grain foods and incident gout. Table 5 shows
the associations between consumption of whole grain foods and
the risk of gout. The pooled multivariable HRs comparing con-
sumption of one or more servings a day with those consuming
less than one serving a month were 0.97 (95% CI, 0.82–1.14) for
dark breads and 0.62 (95% CI, 0.53–0.73) for whole grain cold

breakfast cereal. For the other foods with lower intake levels, the
pooled HRs comparing participants consuming two or more serv-
ings a week with less than one serving a month were 0.78 (95%
CI, 0.70–0.86) for cooked oatmeal or oat bran, 0.92 (95% CI,
0.77–1.09) for other cooked breakfast cereals, and 0.84 (95%
CI, 0.74–0.95) for bran added to food.

DISCUSSION

In this large prospective cohort study of 122,680 men and
women, we found that higher intakes of matairesinol and secoiso-
lariciresinol, but not pinoresinol or lariciresinol, were significantly
associated with a lower risk of incident gout. These inverse asso-
ciations were independent of known and potential risk factors for
gout, including age, BMI, hypertension, diuretic use, and diet
quality. Further analysis of these associations after restricting to
participants with infrequent beer consumption were consistent
with these findings. Our analysis of whole grain food items that
are rich in lignans additionally revealed that higher intakes of

Table 2. (Cont’d)

Q1 Q2 Q3 Q4 Q5 P for trenda

NHS
Gout cases/person-
years

217/363,142 223/363,706 199/363,984 195/364,037 168/364,685 –

Age-adjusted model 1.0 1.01 (0.84–1.22) 0.89 (0.73–1.08) 0.83 (0.68–1.01) 0.69 (0.57–0.85) <0.0001
Multivariable modelb 1.0 1.01 (0.83–1.22) 0.93 (0.76–1.14) 0.92 (0.75–1.14) 0.88 (0.70–1.11) 0.18
Multivariable model +
beerc

1.0 1.00 (0.82–1.21) 0.91 (0.74–1.12) 0.90 (0.72–1.11) 0.82 (0.64–1.04) 0.06

Pooled (fixed effects)
Age-adjusted model 1.0 1.09 (0.96–1.23) 1.04 (0.92–1.18)d 1.03 (0.92–1.17)d 1.01 (0.89–1.14)d 0.46d

Fully adjusted modelc 1.0 1.03 (0.91–1.17) 0.99 (0.87–1.13) 0.97 (0.85–1.12) 0.91 (0.78–1.06) 0.22
Lariciresinol
HPFS
Gout cases/person-
years

293/176,735 359/176,948 330/177,142 398/177,207 327/177,314 –

Age-adjusted model 1.0 1.21 (1.04,1.41) 1.10 (0.94–1.29) 1.33 (1.14–1.54) 1.08 (0.92–1.26) 0.39
Multivariable modelb 1.0 1.25 (1.07–1.47) 1.18 (0.99–1.40) 1.47 (1.24–1.75) 1.30 (1.07–1.59) 0.008
Multivariable model +
beerc

1.0 1.15 (0.98–1.35) 1.02 (0.86–1.22) 1.21 (1.02–1.45) 1.02 (0.83–1.25) 0.996

NHS
Gout cases/person-
years

214/363,624 222/363,773 202/364,034 187/363,992 177/364,130 –

Age-adjusted model 1.0 1.00 (0.83–1.21) 0.90 (0.74–1.09) 0.80 (0.66–0.97) 0.75 (0.61–0.91) 0.0004
Multivariable modelb 1.0 0.99 (0.82–1.21) 0.90 (0.73–1.11) 0.82 (0.65–1.03) 0.84 (0.65–1.08) 0.09
Multivariable model +
beerc

1.0 0.98 (0.81–1.20) 0.88 (0.71–1.09) 0.80 (0.63–1.01) 0.81 (0.62–1.06) 0.06

Pooled (fixed effects)
Age-adjusted model 1.0 1.12 (1.00–1.27) 1.02 (0.90–1.15) 1.10 (0.98–1.24)d 0.94 (0.83–1.06)d 0.38d

Fully adjusted modelc 1.0 1.08 (0.95–1.22) 0.97 (0.84–1.10) 1.04 (0.90–1.20)d 0.94 (0.80–1.10) 0.38

* Values are the hazard ratio (95% confidence interval) unless otherwise indicated. HPFS, Health Professionals Follow-up Study; NHS, Nurses’
Health Study; Q, quintile.
a P value when we assigned the median value to each quintile and entered this as a continuous variable in the model.
b Models were age and calendar time stratified and adjusted for energy intake, body mass index, history of hypertension, history of renal fail-
ure (men only), diuretic use, physical activity, total vitamin C intake, and both diet quality indices free of the top 10 dietary lignan contributors.
Among women, the model was additionally adjusted for oral contraceptive use and menopausal status/postmenopausal hormone use.
c Model was additionally adjusted for beer intake.
d P value for Q-statistic < 0.05, indicating statistically significant heterogeneity between the two cohorts.
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Table 3. Cohort-specific and pooled associations between lignan intake and gout risk among infrequent beer drinkers in the Health Profes-
sionals Follow-up Study (1986–2012) and Nurses’ Health Study (1984–2010)*

Q1 Q2 Q3 Q4 Q5 P for trenda

Total lignans
HPFS

Gout cases/person-years 191/123,087 174/97,123 162/85,824 126/79,388 122/78,712 –

Age-adjusted model 1.0 1.13 (0.92–1.39) 1.18 (0.96–1.46) 0.99 (0.79–1.24) 0.96 (0.76–1.21) 0.45
Multivariable modelb 1.0 1.10 (0.89–1.37) 1.13 (0.90–1.42) 0.93 (0.72–1.20) 0.99 (0.75–1.31) 0.61

NHS
Gout cases/person-years 214/331,393 215/310,384 159/298,347 147/288,146 137/280,901 –

Age-adjusted model 1.0 1.02 (0.85–1.24) 0.74 (0.61–0.92) 0.69 (0.56–0.85) 0.63 (0.51–0.78) <0.0001
Multivariable modelb 1.0 1.01 (0.83–1.24) 0.77 (0.61–0.96) 0.74 (0.58–0.94) 0.75 (0.57–0.99) 0.008

Pooled (fixed effects)
Age-adjusted model 1.0 1.07 (0.93–1.23) 0.94 (0.81–1.08)c 0.81 (0.70–0.95)c 0.77 (0.66–0.90)c 0.0003c

Multivariable modelb 1.0 1.05 (0.91–1.22) 0.93 (0.79–1.09)c 0.83 (0.69–0.99) 0.86 (0.70–1.04) 0.06
Matairesinol
HPFS

Gout cases/person-years 197/102,400 130/90,797 142/85,921 160/88,556 146/96,460 –

Age-adjusted model 1.0 0.75 (0.60–0.93) 0.85 (0.69–1.06) 0.93 (0.75–1.15) 0.77 (0.62–0.96) 0.31
Multivariable modelb 1.0 0.70 (0.56–0.88) 0.79 (0.63–0.99) 0.86 (0.69–1.07) 0.79 (0.62–1.00) 0.64

NHS
Gout cases/person-years 185/303,608 207/298,364 175/297,136 155/299,847 150/310,216 –

Age-adjusted model 1.0 1.09 (0.89–1.33) 0.91 (0.74–1.11) 0.77 (0.62–0.95) 0.67 (0.54–0.83) <0.0001
Multivariable modelb 1.0 1.06 (0.87–1.31) 0.89 (0.72–1.11) 0.78 (0.62–0.98) 0.77 (0.60–0.98) 0.002

Pooled (fixed effects)
Age-adjusted model 1.0 0.92 (0.79–1.06)c 0.88 (0.76–1.02) 0.85 (0.73–0.98) 0.72 (0.62–0.84) 0.0003c

Multivariable modelb 1.0 0.88 (0.76–1.02)c 0.84 (0.72–0.98) 0.82 (0.70–0.96) 0.78 (0.66–0.92) 0.03c

Secoisolariciresinol
HPFS

Gout cases/person-years 197/114,755 151/92,769 160/86,691 119/83,510 148/86,408 –

Age-adjusted model 1.0 0.94 (0.76–1.16) 1.06 (0.86–1.31) 0.81 (0.65–1.02) 0.98 (0.79–1.21) 0.55
Multivariable modelb 1.0 0.91 (0.73–1.13) 1.00 (0.80–1.25) 0.77 (0.60–0.98) 0.95 (0.75–1.21) 0.48

NHS
Gout cases/person-years 249/323,487 187/304,270 172/295,184 148/290,917 116/295,314 –

Age-adjusted model 1.0 0.74 (0.61–0.90) 0.68 (0.55–0.82) 0.57 (0.47–0.71) 0.43 (0.35–0.54) <0.0001
Multivariable modelb 1.0 0.77 (0.63–0.93) 0.75 (0.61–0.92) 0.68 (0.55–0.85) 0.59 (0.46–0.75) <0.0001

Pooled (fixed effects)
Age-adjusted model 1.0 0.83 (0.72–0.95) 0.83 (0.72–0.96)c 0.67 (0.58–0.78)c 0.66 (0.56–0.77)c <0.0001c

Multivariable modelb 1.0 0.83 (0.71–0.96) 0.86 (0.74–1.00) 0.72 (0.61–0.85) 0.76 (0.64–0.90)c 0.001c

Pinoresinol
HPFS

Gout cases/person-years 209/133,795 196/103,364 131/87,955 148/75,280 91/63,740 –

Age-adjusted model 1.0 1.21 (0.99–1.47) 0.94 (0.75–1.17) 1.22 (0.99–1.51) 0.88 (0.69–1.13) 0.40
Multivariable modelb 1.0 1.17 (0.96–1.43) 0.90 (0.72–1.14) 1.20 (0.95–1.51) 0.97 (0.74–1.27) 0.89

NHS
Gout cases/person-years 206/337,116 189/316,161 182/301,630 162/289,659 133/264,606 –

Age-adjusted model 1.0 0.95 (0.78–1.16) 0.94 (0.77–1.15) 0.82 (0.66–1.00) 0.70 (0.56–0.87) 0.0003
Multivariable modelb 1.0 0.95 (0.77–1.17) 0.98 (0.79–1.22) 0.90 (0.72–1.13) 0.86 (0.67–1.11) 0.22

Pooled (fixed effects)
Age-adjusted model 1.0 1.07 (0.93–1.23) 0.94 (0.81–1.09) 0.99 (0.86–1.15)c 0.77 (0.65–0.91) 0.006c

Multivariable modelb 1.0 1.06 (0.91–1.22) 0.95 (0.81–1.11) 1.04 (0.88–1.22) 0.91 (0.76–1.10) 0.42
Lariciresinol
HPFS

Gout cases/person-years 165/114,558 175/92,506 136/85,083 178/82,770 121/89,217 –

Age-adjusted model 1.0 1.30 (1.05–1.60) 1.08 (0.86–1.36) 1.45 (1.18–1.80) 0.91 (0.72–1.15) 0.54
Multivariable modelb 1.0 1.26 (1.01–1.57) 1.05 (0.82–1.34) 1.40 (1.10–1.80) 0.90 (0.67–1.21) 0.48

NHS
Gout cases/person-years 197/325,574 189/305,787 175/295,892 155/289,894 156/292,025 –

Age-adjusted model 1.0 0.98 (0.80–1.20) 0.92 (0.75–1.13) 0.79 (0.64–0.97) 0.78 (0.63–0.96) 0.004
Multivariable modelb 1.0 0.98 (0.79–1.21) 0.93 (0.74–1.16) 0.82 (0.64–1.06) 0.89 (0.67–1.17) 0.27

Pooled (fixed effects)
Age-adjusted model 1.0 1.12 (0.97–1.29) 0.99 (0.85–1.15) 1.07 (0.92–1.24)c 0.83 (0.71–0.97) 0.03c

Multivariable modelb 1.0 1.10 (0.95–1.28) 0.98 (0.83–1.16) 1.07 (0.90–1.28)c 0.89 (0.73–1.09) 0.23

* Values are the hazard ratio (95% confidence interval) unless otherwise indicated. Infrequent beer drinkers were defined as those who con-
sumed up to one beer per month. HPFS, Health Professionals Follow-up Study; NHS, Nurses’ Health Study; Q, quintile.
a P value when we assigned the median value to each quintile and entered this as a continuous variable in the model.
b Models were age and calendar time stratified and adjusted for energy intake, body mass index, history of hypertension, history of renal fail-
ure (men only), diuretic use, physical activity, total vitamin C intake, and both diet quality indices free of the top 10 dietary lignan contributors.
Among women, the model was additionally adjusted for oral contraceptive use and menopausal status/postmenopausal hormone use.
c P value for Q-statistic < 0.05, indicating statistically significant heterogeneity between the two cohorts.
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cooked oatmeal or oat bran, whole grain cold breakfast cereal,
and bran added to food were also all independently associated
with a lower risk of incident gout. Conversely, dark bread and
other cooked breakfast cereals were not significantly associated
with gout. These inverse associations largely persisted among
subgroups defined by various anthropometric, lifestyle, or dietary
factors.

It is well established that diet is associated with the risk of
developing gout.31 Prior work has shown that many healthful
diets that emphasize the intake of certain plant-based foods,
including the Dietary Approaches to Hypertension and Mediterra-
nean diets, are associated with a lower risk of incident gout
among both men and women.32,33 Moreover, a recent study
reported that a healthy plant-based diet pattern is inversely asso-
ciated with gout risk among men and women.15 However, less
attention has been paid to the potentially beneficial constituents
of these plant-rich diets. Two smaller human studies have exam-
ined lignan intake in relation to SU and hyperuricemia, but not
gout. One study among�2,500 middle-aged and elderly Chinese
participants found inverse associations between baseline mea-
sures of matairesinol, secoisolariciresinol, and pinoresinol (but
not lariciresinol) and development of hyperuricemia over
10 years.34 A cross-sectional study using baseline data from
�6,300 participants enrolled in the PREDIMED-Plus trial found a
modest positive association between lignan intake and SU
among women but not men, although this study did not

distinguish between lignan types.35 The mechanism underlying
this observed sex difference is unknown; one possibility is the
underlying differences in gout risk due to sex hormones, as the
bioactive form of lignans (enterolignans) become capable of act-
ing as weak estrogens and bind with low affinity to ERs.18–20 Such
differences in gout risk may also arise in part due to distinct, sex-
specific inflammatory responses.36 Indeed, a dietary pattern pre-
dictive of circulating inflammatory biomarkers was shown to more
strongly predict female gout versus male gout,37 which is consis-
tent with studies reporting on the anti-inflammatory potential of
dietary lignans.38 Among animal studies, one study examined
the effect of flaxseed meal (the primary food source of secoisolar-
iciresinol) on SU among rats and found that the group of rats fed
flaxseed ad libitum had a lower SU level compared with those
fed a soy-based chow.39 In another study, three plant lignans
(phyllanthin, hypophyllanthin, and phyltetralin) found in Phyl-
lanthus niruri were shown to increase uricosuric action among
rats.40,41 The biosynthetic pathway to form phyllanthin and hypo-
phyllanthin remains under investigation, but evidence suggests
that they are derived from secoisolariciresinol.42,43 As lignans
bear a structural similarity to E2,17 they may mimic the uricosuric
properties of endogenous estrogen6 by suppressing urate reab-
sorptive transporters44 and promoting the expression of urate
efflux transporters.45

Lignans may also potentially modulate gout risk indirectly
through weight control. Evidence from cross-sectional studies

Table 4. Pooled associations between lignan intake and gout risk stratified by selected characteristics*

Per standard deviation of lignan intake

Matairesinol Secoisolariciresinol Pinoresinol Lariciresinol

Adiposity
Normal weight 0.97 (0.90–1.05) 0.92 (0.83–1.02)a 1.03 (0.99–1.08)a 0.91 (0.82–1.01)
Overweight or obese 0.90 (0.85–0.96) 0.93 (0.86–0.99) 1.00 (0.95–1.07) 0.97 (0.91–1.03)
P for interactionb 0.12 0.66 0.74 0.47

Bowel movement frequency
>1 per d 0.96 (0.87–1.06) 0.95 (0.85–1.06)a 0.97 (0.87–1.09) 0.99 (0.88–1.10)
≤1 per d 0.91 (0.86–0.96) 0.93 (0.87–1.00) 1.05 (1.02–1.09)a 0.94 (0.88–1.00)
P for interactionc 0.78 0.51a 0.08 0.56

Total fiber intake
Below median 0.84 (0.76–0.93) 0.88 (0.80–0.97) 0.99 (0.91–1.07) 1.00 (0.90–1.10)
Above median 0.97 (0.92–1.02) 0.97 (0.92–1.03)a 1.05 (1.02–1.09)a 0.96 (0.90–1.03)
P for interactiond 0.007 0.22 0.34 0.69

Physical activity
Below median 0.91 (0.85–0.98) 0.94 (0.87–1.01)a 1.05 (1.01–1.09)a 0.93 (0.86–1.01)a

Above median 0.92 (0.86–0.99) 0.93 (0.85–1.01) 1.00 (0.92–1.08) 0.96 (0.88–1.04)
P for interactiond 0.30 0.61 0.82 0.23

Hypertension status
No 1.00 (0.92–1.08) 0.96 (0.89–1.05)a 1.06 (0.98–1.14) 1.01 (0.92–1.11)
Yes 0.98 (0.92–1.04)a 0.92 (0.85–0.99) 1.02 (0.98–1.06)a 0.92 (0.86–0.99)
P for interactione 0.18 0.97 0.13 0.48

* Values are the hazard ratio (95% confidence interval) unless otherwise indicated. All models were adjusted for the
same covariates as in the main analysis except for the stratifying variables.
a P value for Q-statistic < 0.05, indicating statistically significant heterogeneity between the two cohorts.
b P for interaction comparing overweight/obese with normal weight.
c P for interaction comparing less frequent with more frequent bowel movements.
d P for interaction comparing above median with below median.
e P for interaction comparing those without hypertension to those with hypertension.
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Table 5. Cohort-specific and pooled associations between lignan-rich food sources and gout risk in the Health Professionals Follow-up Study
(1986–2012) and Nurses’ Health Study (1984–2010)*

Consumption level

P for trenda
Never or <1

serving per mo

1 serving per
mo to 1 serving

per wk
>1 serving per wk

to 4–6 servings per wk ≥1 serving per d

Dark bread
HPFS
Gout cases/person-years 127/74,843 286/132,971 719/344,072 575/333,459 –

Age-adjusted model 1.0 1.27 (1.03–1.57) 1.17 (0.97–1.42) 0.98 (0.80–1.18) 0.002
Multivariable modelb 1.0 1.25 (1.01–1.54) 1.14 (0.94–1.39) 1.04 (0.85–1.27) 0.38

NHS
Gout cases/person-years 66/134,404 105/259,877 487/801,714 344/623,559 –

Age-adjusted model 1.0 0.81 (0.59–1.10) 0.84 (0.65–1.09) 0.76 (0.59–1.00) 0.005
Multivariable modelb 1.0 0.81 (0.59–1.11) 0.87 (0.66–1.14) 0.83 (0.63–1.11) 0.11

Pooled (fixed effects)
Age-adjusted model 1.0 1.10 (0.93–1.31)c 1.04 (0.89–1.22)c 0.90 (0.77–1.05) <0.0001
Multivariable modelb 1.0 1.09 (0.92–1.30)c 1.04 (0.89–1.22) 0.97 (0.82–1.14) 0.12

Whole grain cold breakfast cereal
HPFS
Gout cases/person-years 510/211,082 277/142,716 720/376,446 200/155,101 –

Age-adjusted model 1.0 0.81 (0.70–0.93) 0.76 (0.67–0.85) 0.53 (0.45–0.62) <0.0001
Multivariable modelb 1.0 0.79 (0.69–0.92) 0.77 (0.68–0.87) 0.62 (0.52–0.74) <0.0001

NHS
Gout cases/person-years 458/853,741 177/293,114 349/606,287 18/66,411 –

Age-adjusted model 1.0 0.86 (0.72–1.03) 0.76 (0.66–0.88) 0.48 (0.30–0.77) <0.0001
Multivariable modelb 1.0 0.84 (0.70–1.00) 0.84 (0.73–0.98) 0.65 (0.40–1.05) 0.0008

Pooled (fixed effects)
Age-adjusted model 1.0 0.83 (0.74–0.93) 0.76 (0.69–0.83) 0.52 (0.45–0.61) <0.0001
Multivariable modelb 1.0 0.81 (0.73–0.91) 0.80 (0.73–0.88) 0.62 (0.53–0.73) <0.0001

Oatmeal or cooked oat bran
HPFS
Gout cases/person-years 814/384,625 512/276,157 381/224,564 – –

Age-adjusted model 1.0 0.87 (0.78–0.97) 0.75 (0.66–0.85) – 0.0001
Multivariable modelb 1.0 0.90 (0.80–1.00) 0.81 (0.71–0.92) – 0.06

NHS
Gout cases/person-years 456/820,703 336/624,441 210/374,409 – –

Age-adjusted model 1.0 0.82 (0.71–0.95) 0.66 (0.56–0.78) – <0.0001
Multivariable modelb 1.0 0.80 (0.69–0.93) 0.72 (0.60–0.85) – 0.003

Pooled (fixed effects)
Age-adjusted model 1.0 0.85 (0.78–0.93) 0.72 (0.65–0.79) – <0.0001c

Multivariable modelb 1.0 0.86 (0.79–0.94) 0.78 (0.70–0.86) – 0.003
Other cooked breakfast cereal
HPFS
Gout cases/person-years 1,308/667,498 297/158,877 102/58,971 – –

Age-adjusted model 1.0 0.96 (0.84–1.08) 0.86 (0.70–1.06) – 0.14
Multivariable modelb 1.0 1.01 (0.89–1.14) 1.00 (0.81–1.22) – 0.96

NHS
Gout cases/person-years 795/1,382,930 167/344,726 40/91,897 – –

Age-adjusted model 1.0 0.84 (0.71–1.00) 0.67 (0.49–0.92) – 0.004
Multivariable modelb 1.0 0.87 (0.73–1.03) 0.74 (0.54–1.03) – 0.03

Pooled (fixed effects)
Age-adjusted model 1.0 0.91 (0.83–1.01) 0.80 (0.68–0.95) – 0.01c

Multivariable modelb 1.0 0.95 (0.86–1.06) 0.92 (0.77–1.09) – 0.44c

Bran added to food
HPFS
Gout cases/person-years 1,214/602,223 247/130,195 246/152,928 – –

Age-adjusted model 1.0 0.94 (0.82–1.07) 0.77 (0.67–0.89) – <0.0001
Multivariable modelb 1.0 0.98 (0.85–1.13) 0.88 (0.77–1.02) – 0.02

NHS
Gout cases/person-years 800/1,331,798 103/236,983 99/250,772 – –

Age-adjusted model 1.0 0.69 (0.56–0.84) 0.56 (0.46, 0.69) – <0.0001
Multivariable modelb 1.0 0.79 (0.64–0.98) 0.75 (0.60, 0.93) – 0.01

(Continued)
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have found that individuals with greater lignan intake tend to have
lower adiposity measures.46,47 These data are consistent with a
prospective study that found that greater urinary excretion of lig-
nan metabolites (particularly enterodiol) is associated with slower
weight gain.48 This is particularly relevant as long-term observa-
tional studies have consistently shown that adiposity is a key
strong modifiable risk factor for gout.49,50 In addition, a secondary
analysis of the Dietary Intervention Randomized Controlled Trial
showed a urate-lowering effect of three different weight-loss diets
(ie, a Mediterranean diet, low-carbohydrate diet, and low-fat diet)
over 24 months in parallel with participants’ weight loss over the
follow-up.51

Interestingly, we did not observe statistically significant asso-
ciations between gout and either pinoresinol or lariciresinol. In our
cohorts, beer was a substantial contributor of both lignans and is
also a strong risk factor for gout. Accordingly, we observed that
beer intake confounded the associations of interest for pinoresinol
and lariciresinol, and after adjusting for beer intake or restricting
the analyses to less frequent beer drinkers, these two lignans
were no longer associated with gout in either direction. Potential
explanations for the differential associations between individual
lignans and gout risk are unknown, although further studies are
warranted to understand whether this may be due to differential
production of bioactive enterolignans through human gut micro-
biota. Future work ought to replicate the current findings in other
epidemiologic studies that examine lignan intake and enterolignan
concentrations.

Our analysis of commonly consumed whole grain foods that
are rich in lignans also deserves comment. We found that higher
intakes of cooked oatmeal or oat bran, whole grain cold breakfast
cereal, and added bran (but not dark bread or other cooked
breakfast cereals) were each independently associated with a
lower risk of gout. A recent investigation found that whole grain
foods are collectively associated with a lower risk of gout,15

although prior studies of individual whole grain food items and
gout are limited. A small study among 20 healthy adults found

no change from baseline SU after consuming a whole grain diet
(consisting primarily of fiber-rich breads) for three weeks.52 These
data are consistent with our finding that dark bread is not associ-
ated with the clinical endpoint of gout, although the study by Foer-
ster and colleagues is limited by a small sample size and short
follow-up duration. An earlier prospective study among men in
the HPFS examined the association of a combination of high-
purine plant-based foods, including oatmeal, and found no asso-
ciation with incident gout, although oatmeal was not examined
separately.10 Oatmeal, which contains a moderate amount of
purines,53 was a significant contributor to matairesinol intake
(up to �57%), which we also observed as inversely associated
with gout in the current study.

The strengths of our study deserve comment. To our knowl-
edge, this is the first prospective evaluation of long-term dietary
lignan intake among humans. Our cohorts had a large sample size
and high number of confirmed gout cases, which has previously
been shown to have high concordance with a medical record
review by two board-certified rheumatologists. To that end,
although the current study focused on incident gout (primary pre-
vention), many risk factors for new-onset gout are also risk factors
for recurrent gout (secondary prevention in a clinical setting).54

We prospectively collected repeated measures of usual diet using
a validated questionnaire before the diagnosis of gout, minimizing
potential recall bias. Moreover, we used a comprehensive
assessment of lignans by leveraging our existing large nutrient
composition database. Nevertheless, our study is not without its
limitations. Flaxseeds, the dominant contributor to secoisolaricire-
sinol intake, were not assessed in the FFQ until later in the follow-
up. Therefore, the total level of secoisolariciresinol is likely to be
underestimated during the early follow-up years. However, flax-
seed consumption was low in both cohorts, making it unlikely that
this would have altered our findings. As in all studies of dietary
intakes, measurement error remains a possibility. However, this
measurement error is likely to be nondifferential with respect to
gout and therefore would likely attenuate the observed

Table 5. (Cont’d)

Consumption level

P for trenda
Never or <1

serving per mo

1 serving per
mo to 1 serving

per wk
>1 serving per wk

to 4–6 servings per wk ≥1 serving per d

Pooled (fixed effects)
Age-adjusted model 1.0 0.85 (0.76–0.95)c 0.70 (0.63–0.79)c – <0.0001c

Multivariable modelb 1.0 0.92 (0.82–1.03) 0.84 (0.74–0.95) – 0.002

* Values are the hazard ratio (95% confidence interval) unless otherwise indicated. HPFS, Health Professionals Follow-up Study; NHS, Nurses’
Health Study.
a Calculated with continuous exposure variables.
b Models were age and calendar time stratified and adjusted for energy intake, body mass index, history of hypertension, history of renal fail-
ure (men only), diuretic use, physical activity, total vitamin C intake, beer intake, coffee intake, and both diet quality indices free of the top 10
dietary lignan contributors. Among women, the model was additionally adjusted for oral contraceptive use and menopausal status/
postmenopausal hormone use.
c P value for Q-statistic < 0.05, indicating statistically significant heterogeneity between the two cohorts.
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associations toward the null. Moreover, our use of repeated mea-
sures and cumulatively averaged intake further reduces random
measurement error and within-subject variation. Next, our study
population predominantly consisted of White US-based health
professionals, and therefore our findings are most readily general-
ized to Americans of similar ancestral and socioeconomic back-
grounds who share similar distributions of dietary lignan intake
and absolute rates of gout. Therefore, it is imperative that future
prospective studies aim to replicate our findings among more
diverse populations. Finally, we did not investigate whether the
reported associations were mediated by enterolignans, the bioac-
tive end metabolites of ingested lignans. As there is considerable
intra- and interindividual variability in the formation of entero-
lignans by the microbiota, future research in this area may help
to elucidate the specific mechanisms through which lignans may
contribute to gout prevention.

In conclusion, in these two large prospective cohorts of US
men and women, higher intakes of matairesinol and
secoisolariciresinol—but not pinoresinol or lariciresinol—were
associated with a significantly lower risk of incident gout. These
inverse associations were independent of known and potential
risk factors for gout, including age, BMI, hypertension, diuretic
use, and broader diet quality. Higher intakes of cooked oatmeal
or oat bran, whole grain cold breakfast cereal, and added bran
were also all independently associated with a lower risk of incident
gout. These findings support adherence to a healthful plant-
based diet for gout prevention and highlight the potential role of
the gut microbiome in gout pathogenesis.

ACKNOWLEDGMENTS

We thank the participants and staff of the Nurses’ Health Study and
the Health Professionals Follow-up Study for their valuable contributions.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Drs Rai and Sun confirm that all authors have provided the final
approval of the version to be published and take responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Choi HK, Mount DB, Reginato AM; American College of Physicians;
American Physiological Society. Pathogenesis of gout. Ann Intern
Med 2005;143(7):499–516.

2. Kuo CF, Grainge MJ, Zhang W, et al. Global epidemiology of gout:
prevalence, incidence and risk factors. Nat Rev Rheumatol 2015;
11(11):649.

3. Sturge RA, Scott JT, Kennedy AC, et al. Serum uric acid in England
and Scotland. Ann Rheum Dis 1977;36(5):420–427.

4. Akizuki S. Serum uric acid levels among thirty-four thousand people in
Japan. Ann Rheum Dis 1982;41(3):272–274.

5. Hak AE, Curhan GC, Grodstein F, et al. Menopause, postmenopausal
hormone use and risk of incident gout. Ann Rheum Dis 2010;69(7):
1305–1309.

6. Nicholls A, Snaith ML, Scott JT. Effect of oestrogen therapy on plasma
and urinary levels of uric acid. BMJ 1973;1(5851):449–451.

7. Simon JA, Lin F, Vittinghoff E, et al; Heart and Estrogen-Progestin
Replacement Study (HERS) Research Group. The relation of post-
menopausal hormone therapy to serum uric acid and the risk of coro-
nary heart disease events: the Heart and Estrogen-Progestin
Replacement Study (HERS). Ann Epidemiol 2006;16(2):138–145.

8. Hak AE, Choi HK. Menopause, postmenopausal hormone use and
serum uric acid levels in US women–the Third National Health
and Nutrition Examination Survey. Arthritis Res Ther 2008;10(5):
R116–R116.

9. Sumino H, Ichikawa S, Kanda T, et al. Reduction of serum uric acid by
hormone replacement therapy in postmenopausal women with hyper-
uricaemia. Lancet 1999;354(9179):650.

10. Choi HK, Atkinson K, Karlson EW, et al. Purine-rich foods, dairy and
protein intake, and the risk of gout in men. N Engl J Med 2004;
350(11):1093–1103.

11. Choi HK, Curhan G. Soft drinks, fructose consumption, and the risk of
gout in men: prospective cohort study. BMJ 2008;336(7639):
309–312.

12. Choi HK, Atkinson K, Karlson EW, et al. Alcohol intake and risk of inci-
dent gout in men: a prospective study. Lancet 2004;363(9417):1277–
1281.

13. Choi HK, Willett W, Curhan G. Coffee consumption and risk of inci-
dent gout in men: a prospective study. Arthritis Rheum 2007;56(6):
2049–2055.

14. Choi HK, Gao X, Curhan G. Vitamin C intake and the risk of gout in
men: a prospective study. Arch Intern Med 2009;169(5):502–507.

15. Rai SK, Wang S, Hu Y, et al. Adherence to healthy and unhealthy
plant-based diets and the risk of gout. JAMA Netw Open 2024;7(5):
e2411707.

16. Chiu THT, Liu CH, Chang CC, et al. Vegetarian diet and risk of gout in
two separate prospective cohort studies. Clin Nutr 2020;39(3):
837–844.

17. Tham DM, Gardner CD, Haskell WL. Clinical review 97: potential
health benefits of dietary phytoestrogens: a review of the clinical, epi-
demiological, and mechanistic evidence. J Clin Endocrinol Metab
1998;83(7):2223–2235.

18. Adlercreutz H. Lignans and human health. Crit Rev Clin Lab Sci 2007;
44(5-6):483–525.

19. Gaya P, Medina M, S�anchez-Jiménez A, et al. Phytoestrogen metab-
olism by adult human gut microbiota. Molecules 2016;21(8):1034.

20. Senizza A, Rocchetti G, Mosele JI, et al. Lignans and gut microbiota:
an interplay revealing potential health implications. Molecules 2020;
25(23):5709.

21. Terkeltaub R, Dodd D. The gut microbiome in hyperuricemia and
gout. Arthritis Rheumatol 2025;77(8):955–965.

22. Rimm EB, Giovannucci EL, Stampfer MJ, et al. Reproducibility and
validity of an expanded self-administered semiquantitative food fre-
quency questionnaire among male health professionals.
Am J Epidemiol 1992;135(10):1114–1126.

23. Willett WC, Sampson L, Stampfer MJ, et al. Reproducibility and valid-
ity of a semiquantitative food frequency questionnaire. Am J Epidemiol
1985;122(1):51–65.

24. Willett W. Nutritional Epidemiology. 3rd ed. Oxford University Press;
2013.

RAI ET AL1498



25. Yuan C, Spiegelman D, Rimm EB, et al. Validity of a dietary question-
naire assessed by comparison with multiple weighed dietary records
or 24-hour recalls. Am J Epidemiol 2017;185(7):570–584.

26. Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yü TF.
Preliminary criteria for the classification of the acute arthritis of primary
gout. Arthritis Rheum 1977;20(3):895–900.

27. Rimm EB, Stampfer MJ, Colditz GA, et al. Validity of self-reported
waist and hip circumferences in men and women. Epidemiology
1990;1(6):466–473.

28. Hu FB, Rimm EB, Stampfer MJ, et al. Prospective study of major die-
tary patterns and risk of coronary heart disease in men. Am J Clin Nutr
2000;72(4):912–921.

29. Fung T, Hu FB, Fuchs C, et al. Major dietary patterns and the risk of
colorectal cancer in women. Arch Intern Med. 2003;163(3):309–314.

30. Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longitu-
dinal follow-up of a survey: choice of the time-scale. Am J Epidemiol
1997;145(1):72–80.

31. Yokose C, McCormick N, Choi HK. The role of diet in hyperuricemia
and gout. Curr Opin Rheumatol 2021;33(2):135–144.

32. Yokose C, McCormick N, Lu N, et al. Adherence to 2020 to 2025 Die-
tary Guidelines for Americans and the risk of new-onset female gout.
JAMA Intern Med 2022;182(3):254–264.

33. Rai SK, Fung TT, Lu N, et al. The Dietary Approaches to Stop Hyper-
tension (DASH) diet, Western diet, and risk of gout in men: prospec-
tive cohort study. BMJ 2017;357:j1794.

34. Zhuo LB, Yang Y, Xiao C, et al. Gut microbiota–bile acid axis mediated
the beneficial associations between dietary lignans and hyperurice-
mia: a prospective study. Food Funct 2024;15(12):6438–6449.

35. Rubín-García M, Vitelli-Storelli F, Álvarez-Álvarez L, et al; PREDIMED-
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R E V I EW A R T I C L E

Adverse Pregnancy Outcomes in Adult Patients With
Idiopathic Inflammatory Myopathy: A Systematic
Review and Meta-Analysis

Yang Yang, MD, Danli Meng, MD, Rongxiu Huo, MD, Yijia Huang, MD, Xinxiang Huang, MD, and Jinying Lin, MD

Objective. Studies of the impact of idiopathic inflammatory myopathy (IIM) and its pregnancy complications have
yielded controversial results. The purpose of this study was to perform a systematic literature review andmeta-analysis
to evaluate the association between IIM and adverse pregnancy outcomes.

Methods. PubMed, Embase, and Web of Science databases were searched to identify reports of interest. The
databases were searched from establishment to May 15, 2025. Two investigators independently screened literature
and extracted data according to inclusion and exclusion criteria. The Newcastle-Ottawa Scale was used for quality
assessment. A random-effects model with inverse-variance weighting was selected to estimate the pooled odds ratio
(OR) and 95% confidence interval (CI). Data analysis was performed using Review Manager 5.3.

Results. This analysis included five population-based retrospective cohorts, predominantly comprising patients
with dermatomyositis or polymyositis; thus, the pooled estimates primarily reflect these subtypes. Compared to
pregnant patients without IIM, patients with IIM had significantly higher risks of hypertensive disorders of preg-
nancy (OR 2.73 [95% CI 1.76–4.23]; I2 = 70%, Cochran’s Q P = 0.01, overall effect P < 0.00001) and cesarean
section (OR 2.03 [95%CI 1.37–3.00]; I2 = 79%, Cochran’s Q P = 0.002, overall effect P = 0.004). Infants born to birthing
parents with IIM also had notably higher rates of being born preterm (OR 3.71 [95% CI 2.35–5.85]; I2 = 60%, Cochran’s
Q P = 0.06, overall effect P < 0.00001) and being small for gestational age or having intrauterine growth restriction
(OR 1.90 [95% CI 1.03–3.51]; I2 = 43%, Cochran’s Q P = 0.15, overall effect P = 0.04).

Conclusion. Our meta-analysis showed IIM to be associated with increased risk of hypertensive disorders of preg-
nancy, cesarean section, preterm birth, and infants who are small for gestational age or had intrauterine growth restric-
tion, although residual confounding by disease activity and treatment may contribute.

INTRODUCTION

Idiopathic inflammatory myopathy (IIM), also known as myo-

sitis, is a group of rare, heterogeneous systemic autoimmune dis-

orders that can manifest in multiple parts of the body such as the

skin, muscles, and lungs. According to the latest and most

accepted classification, IIM is further subdivided into dermatomy-

ositis (DM), juvenile DM, clinically amyopathic DM, polymyositis

(PM), inclusion body myositis, immune-mediated necrotizing

myopathy, and antisynthetase syndrome.1

All IIM subtypes except immune-mediated necrotizing myop-

athy are more common in female patients. Achieving full sexual

health and reproduction requires the cooperation of multiple

organs and systems. For birthing patients, normal ovarian func-

tion is crucial for producing eggs with reproductive potential,

which is an essential step in reproduction. The fact that IIM can

affect patients of childbearing age has raised concerns about the

impact of this inflammatory autoimmune disease on ovarian

reserve,2 future fertility,3 and pregnancy outcomes. Accumulating

data suggest systemic autoimmunity can affect the progress of
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pregnancy, leading to complications including spontaneous abor-

tion, stillbirth, and preterm birth.4 However, in contrast to other

rheumatic autoimmune diseases, like systemic lupus erythemato-

sus and rheumatoid arthritis, the pregnancy outcomes of patients

with IIM have not been comprehensively investigated. The

research that has been conducted related to IIM and pregnancy

has shown inconsistent findings.5–10

There is increased evidence on the importance of precon-
ception counseling.11 Planning pregnancy is a significant aspect
of reproductive health management for patients with rheumatic
diseases because timing pregnancy to coincide with both disease
quiescence and pregnancy-compatible medications increases
the likelihood of pregnancy success.12 However, because of the
paucity of systematic studies, it is difficult for rheumatologists
and obstetricians to counsel patients with IIM. Thus, the aim of
this study was to perform a systematic review and meta-analysis
to evaluate the association between IIM and adverse pregnancy
outcomes.

MATERIALS AND METHODS

This current systematic review and meta-analysis was elabo-
rated according to the guidelines of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses. The review protocol was
registered in the Prospero database (CRD42024545411).
Because this study is a systematic review of the literature, it did
not require a review by an institutional ethics committee.

Inclusion and exclusion criteria. Studies included in our
meta-analysis met the following criteria: (1) case-control or cohort
design, (2) adult patients with diagnosed IIM, (3) pregnancy out-
comes occurring after IIM diagnosis as the outcome of interest,

and (4) reported odds ratio (OR) or relative risk (RR) of adverse
pregnancy outcomes (patients with IIM vs those without IIM) with
95% confidence intervals (CIs). For cohorts reported in multiple
studies, only those with the most detailed information or largest
sample size were included. Reviews, case reports or series,
unpublished or nonhuman studies, and those lacking sufficient
published or original data were excluded.

Literature search. YY and RXH independently searched
published articles indexed in databases on PubMed, Embase,
and Web of Science from their inception to May 15, 2025, using
the medical subject headings (MeSH) terms “myositis” or “idio-
pathic inflammatory myopathy” and “pregnancy outcome” or
“pregnancy.” The search terms included indexed terms from
Emtree in Embase, MeSH in PubMed, and free-text terms. A
manual search of the references of selected studies was also con-
ducted. No language restrictions were applied during the litera-
ture search.

Study selection. YY and RXH independently screened
titles and abstracts of all retrieved studies, excluding those clearly
not meeting inclusion criteria to retain potentially relevant full texts.
Eligibility was independently assessed by investigators, with con-
flicts resolved by discussion and consensus.

Data extraction and assessment of study quality.
For each included study, extracted data covered title, author,
patient enrollment year, study country, design, sample size, popu-
lation, IIM subtypes, birthing parent age at delivery, comorbidities
(eg, hypertension, diabetes, obesity, and smoking), covariates
(matched or multivariable-adjusted), and adjusted OR (aOR) or
adjusted RR (aRR) with 95% CIs. For studies that reported several
multivariable aORs or aRRs, the effect estimate that was most fully
adjusted for potential confounders was selected.

YY and RXH independently assessed included studies’
methodologic quality using the Newcastle-Ottawa Scale (NOS)13

(eight items across three dimensions: selection, comparability,
and exposure), stratified by study type. Maximum NOS score
was 9; studies were categorized as good (7–9), moderate (3–6),
or low quality (0–2).

Statistical analysis. We examined the association
between IIM and adverse pregnancy outcome risk using aORs
or aRRs and their 95% CIs from each study. All calculations and
graphs were performed using Review Manager 5.3 (Cochrane
Collaboration). Point estimates and SEs were extracted from each
study for meta-analysis using the generic inverse-variance
method under a DerSimonian and Laird random-effects model.14

Given rare IIM cases, sparse data, and heterogeneous effect
reporting, we pooled adjusted log-effects using the generic
inverse-variance approach, incorporating multiple estimates per
study to maximize available information while interpreting findings

SIGNIFICANCE & INNOVATIONS
• Our meta-analysis revealed idiopathic inflamma-

tory myopathy (IIM) to be associated with increased
risk of hypertensive disorders of pregnancy, cesar-
ean section, preterm birth, and infants who are
small for gestational age or have intrauterine
growth restriction, although residual confounding
by disease activity and treatment may contribute.

• The reason for this finding remains unclear, but it
may be associated with a higher baseline risk of
adverse pregnancies, disease activity, endothelial
dysfunction, and impaired autoimmunity in IIM.

• Our study reemphasizes the importance of provid-
ing preconception counseling to IIM patients.

• The study also pointed out that there are deficien-
cies in the data, particularly regarding the incidence
of other important adverse pregnancy outcomes
and the pathophysiologic mechanisms of adverse
pregnancy.
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cautiously. Cochran’s Q test and I2 statistic evaluated interstudy
heterogeneity; I2 = 76% to 100%, 51% to 75%, 26% to 50%,
and 0% to 25% represented high, moderate, low, and insignifi-
cant heterogeneity, respectively.15 For each outcome, the
P value reported alongside I2 corresponds to Cochran’s Q test
for heterogeneity; statistical significance of the pooled associa-
tion is evaluated with a Z-test. If necessary, the possible causes

of heterogeneity were explored through subgroup analysis. Sen-
sitivity analysis was performed by removing single study
sequentially.

Data availability statement. Data are available on
request from the corresponding author.

Figure 1. Flow diagram of study selection.
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RESULTS

Literature search and study characteristics. Up to
May 15, 2025, the literature search identified 1,221 articles
(PubMed: 221, Embase: 867, Web of Science: 133). In total,
28 full-text articles were assessed for eligibility. Twelve were
excluded for lacking a comparison group,16–27 four for lacking a
control group without IIM,7,8,28,29 five abstracts for having insuffi-
cient information,30–34 and two abstracts for overlapping with
full-text articles.35,36 Finally, five eligible studies were included,
involving 830 births to patients with IIM and 17,362,323 births to
birthing parents without IIM.5,6,9,10,37 The process of study identi-
fication and exclusion are summarized in Figure 1.

Included studies’ basic characteristics are in Table 1: all
compared patients with IIM versus controls without IIM were high
quality (NOS 7–8) and were retrospective population-based
(enrollment 1993–2016). Birthing parent characteristics of groups
with and without IIM are in Table 2. According to Table 2, the
majority of patients were diagnosed with DM and PM. Kolstad
et al6 reported that patients in the group with IIM were more likely
to have diabetes and were older compared to controls
(P < 0.001). However, the remaining studies did not find or report
significant differences in the basic characteristics between the
group with IIM and the controls.

Adverse pregnancy outcomes occurring after IIM
diagnosis. Adverse pregnancy outcomes analyzed in the meta-
analysis are summarized in Table 3. Across included cohorts,
DM and PM comprised the vast majority of IIM cases (Table 2);
therefore, the pooled estimates primarily reflect DM and PM.

Our meta-analysis indicated significantly increased risks of
hypertensive disorders of pregnancy and cesarean section in
patients with IIM (OR 2.73 [95% CI 1.76–4.23]; I2 = 70%, Coc-
hran’s Q P = 0.01, overall effect P < 0.00001) versus those with-
out IIM (OR = 2.03 [95% CI 1.37–3.00]; I2 = 79%, Cochran’s Q
P = 0.002, overall effect P = 0.004) (Figure 2). Additionally,
patients with IIM had higher risks of premature birth (OR 3.71
[95% CI 2.35–5.85]; I2 = 60%, Cochran’s Q P = 0.06, overall
effect P < 0.00001) and delivering infants who were small for
gestational age or had intrauterine growth restriction (OR 1.90
[95% CI 1.03–3.51]; I2 = 43%, Cochran’s Q P = 0.15, overall
effect P = 0.04).

Sensitivity analysis. To confirm the robustness and reli-
ability of the results, jackknife sensitivity analysis was performed
by excluding one study from the pooled analysis at a time. The
sensitivity analysis results were basically consistent. For example,
the pooled effect estimates for sensitivity analysis of hypertensive
disorders of pregnancy ranged from 2.17 to 3.16 and were statis-
tically significant. Leave-one-out analyses were consistent; how-
ever, it is important to note that several studies contributed

multiple related estimates, which were treated as independent in
this analysis.

DISCUSSION

In DM- and PM-predominant cohorts, pregnancies were
associated with increased risks of hypertensive disorders of preg-
nancy, preterm birth, small for gestational age or intrauterine
growth restriction infants, and cesarean section compared with
comparators without IIM; evidence remains insufficient to infer
risks for other IIM subtypes. To our knowledge, this is the first
meta-analysis comparing pregnancy outcomes between patients
with and without IIM. Although prior systematic reviews exist,38,39

our meta-analysis provides additional evidence-based support for
these reviews.

DM and PM correlated with higher hypertensive disorders of
pregnancy risk versus controls in Kolstad et al6 (OR 2.90 [95% CI
2.00–4.22]) and Chen et al9 (OR 2.94 [95% CI 1.31–6.58]). Con-
versely, Tuccinardi et al10 reported no increased gestational
hypertension risk (OR 1.58 [95% CI 0.95–2.62]). They observed
a significant risk of preeclampsia in pregnancies of patients with
IIM (OR 2.08 [95% CI 1.46–2.98]), attributing it to a higher fre-
quency of preeclampsia risk factors in this population—a finding
corroborated by other research.37 Due to few outcomes, our
meta-analysis of composite hypertensive disorders revealed a
2.7-fold higher risk in pregnancies of patients with IIM, a finding
that requires validation in future prospective cohorts. All studies,
including our meta-analysis, indicated an increased risk of pre-
term birth in pregnancies of patients with IIM. Kolstad et al37 fur-
ther demonstrated that patients with DM and PM were at
markedly elevated risk for both early (aRR 10.0 [95% CI 3.2–
31.1]) and late (aRR 5.2 [95% CI 2.9–9.4]) preterm birth com-
pared to the general obstetric population. Evidence regarding
the risk of infants who are small for gestational age or have intra-
uterine growth restriction in pregnancies of patients with IIM is
conflicting, with earlier studies showing no significant difference
but a recent report indicating increased risk.10 Our findings align
with this recent evidence. An association between IIM and
increased cesarean section rates was observed in our study
and most prior research. Contributing factors likely include a
higher burden of pregnancy complications and inter-regional dif-
ferences in health care protocols.

Little is currently known about the pathophysiologic basis of
the association between IIM and adverse pregnancy outcomes.
Hypertensive disorders of pregnancy risk factors have been
extensively studied,40,41 including chronic hypertension, preges-
tational diabetes, obesity, and advanced birthing parent age. Kol-
stad et al6 observed that the pregnant patients in the IIM group
were more likely to have diabetes and were older compared to
healthy controls (P < 0.001). Besides, four of these studies
focused on a North American population, so results may also be
related to genetic background, ethnicity, and lifestyle habits. In
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the past decade, most of the epidemiologic investigations also
showed advanced birthing parent age was often associated with
many types of adverse pregnancy outcomes and birth defects,
like preterm birth, small for gestational age infants, intrauterine
growth restriction, stillbirth, lower birth weight, etc. The occur-
rence of these results may be related to molecular genetic
changes caused by aging, eg, epigenetic dysregulation and gene
mutations.42 It is well established that a pregnancy complicated
by hypertensive disorders of hypertension/preeclampsia
increases the risk of delivery of a small for gestational age
infant.43–46 The most common pathophysiologic mechanism of
small for gestational age status is decreased uteroplacental blood
perfusion. High blood pressure during pregnancy is characterized

by both endothelial dysfunction and decreased placental perfu-
sion.47 Besides, elevated blood pressure may influence the devel-
opment of the placental villous tree, resulting in decreased
placental function, which can lead to reduced fetal growth and
lower birth weight.48

Studies not included in this meta-analysis—eg, case reports
or case series, in which data were collected based on treating
physicians’ clinical observations—also offer useful information. A
previous study displayed that active IIM during pregnancy signifi-
cantly increased the risk of stillbirth or neonatal death (12% vs
1%, P = 0.005) and preterm birth (34.7% vs 11%, P < 0.001)
compared to inactive IIM.38 In addition, the incidence of other
adverse pregnancy outcomes (total embryonic or fetal loss, low

Table 1. Basic characteristics of included studies*

Study

Year of
patients’
enrollment Country Study design

Number of
births,

IIM/control Control group Adjusted factors
Quality
score

Chen et al9 2001–2011 Australia Retrospective
cohort

17/991,292 General population
without a
diagnosis of rare
autoimmune
diseases selected
from the same
database

Birthing parent age,
country of birth,
socioeconomic
status, birthing
parent residence,
chronic
hypertension,
pregestational
diabetes, smoking
during pregnancy,
parity, and
multiple births

8

Kolstad et al6 1993–1999 United
States

Retrospective
cohort

399/101,123 Birth year–matched
patients randomly
selected from the
same database

Birthing parent age,
race, and
diabetes mellitus

7

Che et al5 1998–2016 Sweden Retrospective
cohort

68a/242 Birth year– and
residential area–
matched patients
randomly
selected from
another Sweden
database

Residential area,
birthing parent
age at delivery,
parity, delivery
year, smoking
status and body
mass index

8

Tuccinardi
et al10

1999–2015 United States Retrospective
cohort

308/13,792,236 Population selected
from the same
database

Age, race, income
quartile,
insurance type,
hospital type,
comorbidities,
obstetric history,
and smoking
status

8

Kolstad et al37 2007–2011 United States Retrospective
cohort

38/2,477,430b The general
obstetric
population
without a
diagnosis of IIM
and others such
as DLE and UCTD
selected from the
same database

Age, race/ethnicity,
and smoking
status

8

* DLE, discoid lupus erythematosus; IIM, idiopathic inflammatory myopathy; UCTD, unspecified connective tissue disease.
a Births that occurred in patients after or up to a year before IIM diagnosis.
b Births born to birthing parents without IIM.
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birth weight, and intrauterine growth restriction) was also
increased in pregnancies with active disease, although not statis-
tically significant. Patients with good control were more likely to
give birth to a healthy child (67.2% vs 31.4%, P < 0.001). Other
scholars have reported similar results too. A systemic review of
78 pregnancies among 59 female patients with adult-onset IIM
or juvenile IIM revealed that active disease state and disease
onset in early pregnancy were especially related to pregnancy
complications.49 Zhong et al7 found a greater risk of spontaneous
abortion and preterm birth in post–IIM diagnosis pregnancies with
active disease (aOR 435.35, P = 0.007). Akiyama et al50 discov-
ered active IIM negatively affected offspring outcomes. In their
study, nine pregnancies occurring after IIM diagnosis ended in
fetal death or abortion in active disease (9 of 21, 42.9%), whereas
fetal death in inactive disease was observed only in one preg-
nancy (1 of 15, 6.7%), which was significantly lower than that in
active disease (P = 0.02). For pregnant patients with active IIM,
some physicians recommend cesarean section to avoid birthing
parent exhaustion and to decrease the risk of rhabdomyolysis
and myoglobinuria as Kolstad et al6 and Silva et al18 mentioned.
Delay in commencing treatment among pregnant patients with
IIM was reported to significantly influence fetal death and abortion
(P = 0.035).50 Notably, the studies mentioned in our review were

conducted before the “targeted therapy” era in rheumatology
practice; thus, treating physicians primarily used glucocorticoids
and some disease-modifying antirheumatic drugs, with intrave-
nous Ig administered less frequently than it is today. Long-term
use of medium or high doses of glucocorticoids during pregnancy
increases the risk of gestational diabetes, hypertension, infec-
tions, and premature rupture of membranes.18 Other factors
(IIM-specific autoantibodies, lung involvement, muscle symp-
toms, and elevated muscle enzymes) have also been linked to
adverse pregnancy complications.50 These align with proposed
mechanisms: autoimmune impairment–induced endothelial dys-
function leads to placental dysfunction and subsequent preg-
nancy complications.

It is increasingly recognized that the risks of pregnancy asso-
ciated with rheumatic disorders can be minimized if conception is
planned and conducted during a period of minimally active dis-
ease.11 On the basis of above findings, in our opinion, similar to
other rheumatic diseases, pregnancy planning (preconception
counseling) is also recommended in patients with IIM, which
may be critical to reduce the incidence of adverse pregnancy out-
comes. The pregnancy interests of a patient with IIM should be
discussed often to ensure that pregnancy planning can begin
several months to years before conception. Prior pregnancy

Table 3. Outcomes reported*

Study
Diagnosis of

pregnancy outcomes Selective birthing parent outcomes Selective fetal outcomes

Chen et al9 ICD-10 Australian
Modification codes

Hypertensive disorders of pregnancy
(gestational hypertension or
preeclampsia), cesarean section (any)

Preterm birth (<37 weeks of gestation) or small
for gestational age (birth weight <10th
percentile for age and sex)

Kolstad et al6 ICD-9 Clinical
Modification codes

Hypertensive disorders of pregnancy
(gestational hypertension, preexisting
hypertension, preeclampsia, and
eclampsia) or cesarean section

Intrauterine growth restriction

Che et al5 ICD-10 codes Hypertensive disorders of pregnancy
(preeclampsia, eclampsia, or
gestational hypertension) or cesarean
section (elective or acute)

Preterm birth (<37 weeks of gestation) or small
for gestational age (birth weight <10th
percentile for age and sex)

Tuccinardi et al10 ICD-9 and ICD-10 codes Gestational hypertension, preeclampsia,
or cesarean section

Preterm birth (<37 weeks of gestation) or small
for gestational age (birth weight <10th
percentile for age and sex)

Kolstad et al37 ICD-9 codes Preeclampsia or eclampsia Preterm birth (20–37 weeks of gestation)

* ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision.

Table 2. Baseline features of the patients included in the study*

Study
IIM

subtypes

Birthing parent
age at delivery,

IIM/control, years

Preexisting
hypertension,
IIM/control, %

Diabetes,
IIM/control, %

Smoking,
IIM/control, %

Obesity, IIM/
control, %

Chen et al9 DM+PM NA NA NA NA NA
Kolstad et al6 DM+PM 28.8/27.7 NA 4.1/0.9 NA NA
Che et al5 IIM 30/28 NA NA 4.41/9.50 8.82/8.68
Tuccinardi et al10 DM+PM NA 10.39/1.59 NA 4.22/5.15 3.25/1.81
Kolstad et al37 DM+PM 31.0/28.2a 5.3/1.4a 2.6/0.9a 0/3.8a 18.4/18.7a

* DM, dermatomyositis; IIM, idiopathic inflammatory myopathy; PM, polymyositis; NA, not applicable.
a All patients, including patients with IIM and controls without IIM.
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status, comorbidities, organ involvement, disease activity, and
immunosuppressant medication use should be fully understood
before conception. Conditions such as active or severe interstitial
lung disease, liver insufficiency, acute renal failure, and pulmonary
hypertension are regarded as contraindications for pregnancy of
patients with IIM. For patients with active IIM, experts strongly rec-
ommend postponing pregnancy, treating to control disease activ-
ity, and reassessing at quiescent or low disease activity.11 Female
patients with active disease may be advised that at least several
months of inactive disease is desirable before conception. Then,
transitioning frommedication that is incompatible with pregnancy,

like cyclophosphamide and mycophenolate mofetil, is strongly
recommended before conception. Several studies suggested
the efficacy and safety of intravenous Ig in the treatment of preg-
nant patients with IIM.7,29,51 For decades, numerous trials have
evaluated the possible benefit of low-dose aspirin (50–150 mg
daily) in pregnancy to minimize the risk of hypertensive disorders
of pregnancy.52 The synthesis of these research studies has
resulted in low-dose aspirin being recommended for the preven-
tion or delay of hypertensive disorders of pregnancy in high-risk
populations by various professional society guidelines, such as
the US Preventive Services Task Force.53 Current guidelines from

Figure 2. Adverse pregnancy outcomes that were observed in pregnant patients with IIM versus those without IIM. CI, confidence interval; IIM,
idiopathic inflammatory myopathy; IV, inverse variance.
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the National Institute for Health and Care Excellence suggest
administering aspirin for patients with one high-risk factor (eg, auto-
immune diseases, diabetes, and chronic hypertension) or two
moderate risk factors for preeclampsia.54 Thus, based on our and
other scholars’ findings, treatment with low-dose aspirin during
pregnancy to prevent or delay the onset of hypertensive disorders
of pregnancy is recommended for those with IIM because of their
increased risk. Readers could obtain more information on the
reproductive health management of patients with IIM from the
guidelines provided by the American College of Rheumatology,11

EULAR,55 and the British Society for Rheumatology.56,57

Some potential limitations in our study should be taken into
consideration when interpreting the results. First, the retrospec-
tive design may cause enrollment bias in which the failure to enroll
patients at positive pregnancy tests leads to substantial underes-
timation of early losses that are unrecorded in medical records.
Second, meta-analysis cannot resolve confounding inherent to
the original studies. Although most included studies adjusted for
key potential confounders, residual or unknown confounding can-
not be fully excluded. The lack of granular clinical data (disease
activity, organ involvement, and immunosuppressants) across
cohorts precluded stratification by these determinants. Third, the
number of the studies included in the meta-analysis is small, given
the rarity of the disease at baseline and the majority of cases
occurring after childbearing years.18,58 As a result, many adverse
outcomes (eg, placenta abruption, premature rupture of mem-
branes, spontaneous abortion, and stillbirth) were not assessed
in this meta-analysis because too few studies included these vari-
ables as outcomes. Fourthly, another limitation pertains to our
statistical methodology. With only four to five studies per endpoint
and I2 up to 79%, DerSimonian-Laird CIs may be anticonserva-
tive. We did not compute Hartung-Knapp small-sample adjust-
ments or 95% prediction intervals, and mixing ORs and RRs
may bias magnitude for common outcomes (eg, cesarean sec-
tion). Although the underreporting of prediction intervals is a com-
mon issue in meta-analyses, and our primary conclusions are
based on standard practices in the field, readers should still exer-
cise appropriate caution when interpreting the findings, particu-
larly the CIs. Fifthly, including multiple related estimates from the
same study without modeling within-study dependence may
underestimate SEs and overstate precision. However, this is a
widespread problem affecting �95% of meta-analyses.59 Finally,
due to the limited number of included studies, we did not assess
publication bias using funnel plots consistent with Cochrane
guidelines, nor did we perform extensive subgroup analyses. It
should be noted that each IIM subtype has distinct characteris-
tics, with potential differences in pregnancy outcomes across
subtypes. Consequently, our findings should not be generalized
to these subtypes without caution. Prospective, well-designed
research (which should encompass data on IIM subtypes, preg-
nancy planning, disease activity, medication use, detailed
pregnancy outcomes, etc) are still warranted.

To summarize, we found that IIM is associated with higher
odds of hypertensive disorders of pregnancy, preterm birth,
infants who are small for gestational age or have intrauterine
growth restriction, and cesarean section; unmeasured disease
activity and treatment may contribute. Therefore, attention should
be given not only before but also during pregnancy. Further, large
high-level research is urgently needed to confirm our findings.
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R E V I EW A R T I C L E

Building a Framework for Sexual and Reproductive Health
Care in the Rheumatology Context: Content and Approaches

Mehret Birru Talabi, MD, PhD and Sonya Borrero, MD, MS

People with systemic autoimmune and rheumatic diseases (SARDs) are at higher risk than the general pop-
ulation of experiencing adverse pregnancy and perinatal outcomes such as preeclampsia, intrauterine growth
restriction, and maternal and/or fetal death. The immune system undergoes changes during pregnancy that
can precipitate adverse health outcomes among people with immunologic dysfunction at baseline—particularly
those people who have active inflammatory disease at the time of and/or during pregnancy. However, in this
commentary, we challenge the notion that immunologic and disease-centric aspects of pregnancy are the only
drivers of adverse pregnancy and perinatal outcomes among people with SARDs. A focus on disease may have
limited focus on other factors that could enhance reproductive health outcomes among people with SARDs, for
example, the provision of high-quality sexual and reproductive health (SRH) care in the rheumatology context.
Identification of such upstream factors can reveal approaches that enhance downstream reproductive out-
comes for all women with rheumatic diseases, thereby enhancing person centeredness, holistic care, and
SRH equity in rheumatology care. Herein, we also describe emerging approaches to SRH that provide a poten-
tial framework for high-quality SRH care in the rheumatology context.

Introduction

Sexual and reproductive health (SRH) is an important aspect

of overall health for individuals with systemic autoimmune and

rheumatic diseases (SARDs).1 The majority of people with auto-

immune conditions are female.2 The hormonal and immunologic

changes of pregnancy can accelerate disease progression and

contribute to adverse maternal and fetal outcomes among peo-

ple with SARDs, particularly in systemic lupus erythematosus

(SLE) and antiphospholipid syndrome (APS).3–5 One to two per-

cent of pregnancies among women with Ro antibody positivity

will be complicated by fetal cardiac conduction abnormalities

that may lead to fetal death or require lifelong cardiac pacing.6

Even pregnancies among women with rheumatoid arthritis

(RA)—a condition that may symptomatically improve during

pregnancy—are associated with higher risk of preeclampsia

and fetal growth restriction compared to the general popula-

tion.7 In general, active disease at the time of pregnancy and/or

during pregnancy is a key risk factor for adverse pregnancy

and perinatal outcomes such as mortality and severe maternal

morbidity.8

The disease-modifying antirheumatic drugs (DMARDs) used

to control SARDs may also threaten healthy pregnancies.

Although some treatments are safe for use during pregnancy and

lactation, many others have unknown safety profiles, and several

treatments have teratogenic potential. In a study of the American

College of Rheumatology (ACR) Rheumatology Informatics Sys-

tem for Effectiveness registry, which captures clinical data from

approximately one-third of US rheumatology practices, 44.5% of

nonpregnant young females with RA and 29.5% with SLE were

prescribed at least one teratogen; descriptive data confirm that

some people become pregnant while prescribed these drugs.9,10

Many teratogens cause irreversible anomalies in the first trimester

of pregnancy—a point at which some women are unaware that

they are pregnant.11 Contraception usage among women with

SARDs appears to be lower than that of the general population—

even when teratogens are prescribed—possibly due to concerns

about the safety of exogenous hormones in this population.12
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However, adverse reproductive outcomes are not inevitable
across the SARDs; many women with SARDs experience healthy
pregnancies and reproductive lives. Across disease states, a key
predictor of healthy SRH outcomes is well-controlled disease for
at least three to six months before pregnancy.13–15 As advances
in treatment are leading to reductions in disease burden and
organ damage, individuals with SARDs may increasingly enter
pregnancy with better baseline health that can facilitate favorable
downstream pregnancy outcomes.

However, immunologic factors provide an incomplete expla-
nation for why some women experience healthy or unhealthy
pregnancy outcomes (Figure 1). For example, social determinants
of health, including income, education, health insurance, and
transportation, affect people’s access to health care during the
perinatal period.16 Clinical outcomes such as severe maternal
morbidity and mortality among people with SARDs are rarely
reported in the context of state- or federal-level reproductive
health policies; however, such policies affect access to preventive
and therapeutic SRH services (eg, prenatal care, pregnancy and
antepartum care, contraception, abortion care).17

An oft-overlooked factor that also influences reproductive out-
comes for people with SARDs is the quality and availability of SRH
care.18 SRH care encompasses a range of services that help people
to safely attain their desired number of children (if any), determine the
spacing and timing of pregnancies, learn about and obtain contra-
ception if needed, and obtain relevant preventive services (eg, cervi-
cal cancer screening). Rheumatologists who assess patients’
pregnancy preferences can help to prepare people for a desired
pregnancy, mitigate risk factors for adverse pregnancy outcomes,
prescribe pregnancy-compatible medications, and refer to primary

care providers (PCPs), obstetrician–gynecologists (OB/GYNs),
reproductive endocrinologists, and potentially other specialists to
optimize prepregnancy health. Rheumatologists can also counsel
peripartum patients about pregnancy-compatible treatments in lac-
tation and manage postpartum disease activity. Moreover, rheuma-
tologists can help people who wish to avoid or delay pregnancy to
identify safe contraceptive methods, thus preventing pregnancies
that are undesired and potentially high risk.

Given a rheumatology workforce shortage and widespread
burnout,19 some rheumatologists might argue that SRH care for
patients with SARDs should largely be delegated to PCPs or
OB/GYNs—currently a dominant model of care. A counterargument
is that by diverting most SRH care and counseling to nonexperts in
the SARDs, our fieldmisses a critical chance to improve reproductive
outcomes for patients at the core of our professional mission. Rheu-
matologists with specialized experience and interest in SRH (ie,
“reproductive rheumatologists”) contribute to research, education,
and patient care at the intersection of rheumatology and SRH. How-
ever, SRH care should not be a niche competency in rheumatology.
To ensure that all patients with SARDs equitably receive high-quality
SRH care and thus have the opportunity to experience their healthi-
est reproductive lives, practical and robust standards for the provi-
sion of this care must be developed in rheumatology.

A new opportunity to reconceptualize SRH care in
rheumatology

Now is a particularly opportune time to reconceptualize how
SRH can be meaningfully addressed in rheumatology care. Other
subspecialties are similarly deliberating the minimum

Figure 1. Novel conceptual model describing factors that contribute to sexual and reproductive health outcomes among individuals with sys-
temic autoimmune and rheumatic diseases.
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competencies that clinicians should have in SRH care provision20;
for example, cardiologists are advancing “cardio-obstetric” train-
ing and multidisciplinary care models to ameliorate the cardiovas-
cular disease burden that underlies most maternal deaths.21

Broadly, the US crisis of maternal morbidity and mortality has led
experts to interrogate the health care system and challenge
long-standing models of SRH care.22 For example, the once
ubiquitous paradigm of “family planning” has increasingly fallen
out of favor, as described in the following:

• A high proportion of pregnancies in the United States
remain unintended, despite a century of public health
approaches to promote pregnancy planning.23

• Family planning praxis was developed in the backdrop of
the eugenics movement, and forced sterilization and con-
traception policies directed against racial and ethnic
minority groups, poor people, and individuals with disabil-
ities have caused long-standing harms and, understand-
ably, medical distrust in some communities.24

• Planning for a family may personally resonate for
clinicians,25 but may not reflect the lived realities of other
people.

• Metrics around unintended pregnancy are shifting toward
those that evaluate an individual’s acceptance of a preg-
nancy, as an unintended but welcomed pregnancy can
still motivate healthy behaviors and lead to positive clinical
outcomes.26

• Many women have fluctuating, ambivalent, conflicted, or
fatalistic attitudes around pregnancy; clinical approaches
that require these individuals to report a discrete preg-
nancy decision may inaccurately assess their potential for
pregnancy.27

• Public health measures to reduce unintended pregnancy
may have inadvertently led to clinical approaches that
guide or pressure people to align their reproductive
behaviors with public health objectives.27

In contrast, emerging health care approaches are centering
personalized, holistic, autonomy-supportive SRH care—framed,
for example, by the praxis of reproductive justice, which indicates
that people have a “(human) right to have a child, not to have a
child, and to have safe and healthy conditions under which
their children may be raised.”24 Through person-centered
approaches, clinicians tailor their counseling to individuals based
on their priorities and life circumstances—meeting people where
they are—rather than requiring or attempting to persuade an indi-
vidual to tailor their needs toward a specific approach (eg, plan-
ning for pregnancy) or outcome (eg, pregnancy avoidance).28

Person-centered SRH care in rheumatology may appear to con-
flict with data indicating that advance planning for pregnancy
helps to ensure disease control while taking pregnancy-safe med-
ications. Indeed, although pregnancy planning is reasonable for
patients with serious chronic illnesses that can impact pregnancy

outcomes and will even be appealing to some patients,
unplanned pregnancies, by active or passive choice, will remain
a reality for some patients.28 A model of SRH care is needed in
rheumatology that addresses all patients’ SRH needs, including
individuals whose preferences and actions do not align with plan-
ning paradigms or medical advice.

Recent federal guidance provides a patient-centered SRH
care model for consideration for patients with SARDs. In 2024,
the US Office of Population Affairs updated its Quality Family Plan-
ning (QFP) Services guidelines, a series of expert- and evidence-
driven recommendations to ensure that all people of reproductive
age receive high-quality SRH services.29 The updated QFP pro-
vides guidance for any clinician who sees patients with SRH care
needs, including those who are the primary providers of SRH ser-
vices (eg, OB/GYNs, PCPs) and those who are not; rheumatology
and other subspecialties are explicitly mentioned in this context.
The QFP asserts that these clinicians should “screen for the need
and desire for SRH services, share the limits of their practice, and
refer or connect patients to other settings where they can obtain
quality services.” The QFP aligns with the 2020 ACR “Guideline for
theManagement of Reproductive Health in Rheumatic andMusculo-
skeletal Diseases” (colloquially called the “Reproductive Health
Guideline” or RHG), which recommends that SRH conversations
between the rheumatologist and patient occur early and often, “at
an initial or early visit and periodically thereafter, and always when ini-
tiating treatment with potentially teratogenic medications.”1

In the following sections, we build from QFP and ACR guid-
ance to propose core competencies and approaches for a basic
standard of SRH care in rheumatology (Box 1). Our recommenda-
tions are not definitive or comprehensive and are meant to stimu-
late discussion about ways that SRH care can be meaningfully
integrated into rheumatology practice. Recommendations reflect
the authors’ opinions and do not reflect the official policy or posi-
tions of the ACR.

SRH care in rheumatology: Core competencies for
the rheumatologist

Although all rheumatologists should have at least a basic
understanding of SRH care in the rheumatology context, the
degree of requisite education and training will vary by the rheuma-
tologist’s interests, prior experience and training, patient popula-
tion, and scope of practice. Herein and in Figure 2, we suggest
core SRH competencies and knowledge domains for the practic-
ing rheumatologist. Box 1 presents the following: (1) ways to
potentially build these core competencies and (2) opportunities
for rheumatologists who seek advanced clinical training, scholar-
ship, and/or professional demonstration of SRH competency.

Assessment of pregnancy preferences.
Rheumatologists should feel comfortable with initiating conversa-
tions about SRH with patients. Screening for reproductive
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preferences increases the frequency of counseling as well as
patient satisfaction.30,31 Around the time of diagnosis, we recom-
mend that rheumatologists explain to patients that reproductive
health is integral to overall health in the SARDs and encourage
patients to raise SRH concerns or questions during and/or
between visits. Although there is no consensus on the frequency
with which pregnancy preferences should be assessed, at a min-
imum, we recommend doing so annually and, as per the ACR
RHG, when teratogenic medications are considered or pre-
scribed.1 The QFP further suggests that clinicians should ask
patients to openly communicate their reproductive goals, prefer-
ences, and priorities.29 The clinician next should, without judg-
ment, share personalized and general information about these
goals and preferences and then, together with the patient, tailor
the care plan to help to ensure that the patient’s needs are met
as safely as possible.32 The QFP also indicates that the clinician
should “confirm understanding” about information conveyed, as
some people may not recall or understand the information that is
offered during the clinic visit.29

Simple and open-ended questions can provide a respectful
foundation for SRH conversations. One Key Question (OKQ)
could be used to elicit patients’ pregnancy preferences: “Would
you like to become pregnant in the next year?” When tested in
rheumatology clinics as a quality improvement (QI) initiative,
OKQ appeared to increase referrals for OB/GYN care, although

it had poor uptake into clinical practice.33 Critiques of OKQ
include that it does not capture patients’ attitudes around preg-
nancy prevention and focuses on a limited time frame (ie, one
year). In contrast, the Pregnancy Attitudes, Timing, and How
Important Is Prevention (PATH) questions help to elicit patients’
orientations around pregnancy and contraception through three
questions: (1) “Do you think you might like to have (more) children
at some point?” (2) “When do you think that might be?” and
(3) “How important is it to you to prevent pregnancy (until
then)?“27 These questions guided appropriate SRH referrals in
the general population.34 For patients with SARDs, we recom-
mend additional language to gauge a patient’s understanding of
their health risks in the SRH context: (1) “I hear your reproductive
goal is (x). Did I get that right? I want to help you to meet your
goals as safely as possible.” (2) “What is your understanding of
how your (disease) might impact your (reproductive goal or prefer-
ence)?” (3) “Can I share with you what I know about your (dis-
ease/medications) and how it might affect your (reproductive
goal or preference)?“18

As rheumatologists engage in SRH care, we advocate for an
approach framed by cultural humility, in which the clinician
respectfully considers social, historical, and/or lived experiences
that might affect an individual’s preferences and priorities apart
from disease control.35 Such contexts might include a person’s
religious beliefs, cultural preferences, and/or an acknowledgment

Box 1. Suggestions for how to build sexual and reproductive health (SRH) care competencies in rheumatology care
Build core competencies in SRH for all rheumatologists
• Use resources from the American College of Rheumatology (ACR),1 EULAR,13,47 and other professional societies that provide comprehen-

sive recommendations for management of the patient with SRH needs.
• Rheumatology, obstetrics and gynecology, and/or maternal–fetal medicine professional organizations should codevelop continuing medical

education tailored to rheumatology clinicians.
• SRH didactics should be available at regional and national rheumatology meetings, ideally scheduled at times to optimize participation.
• Rheumatologists should build competency in prescribing or recommending over-the-counter progestin-only pills and/or emergency contra-

ception to people who desire contraception and have an urgent need (eg, at initiation of a teratogenic medication).
• Rheumatologists should be aware of freely available educational resources around SRH for clinicians and patients:

� Mother to Baby, which provides online and phone-based resources in English and Spanish for medication safety in pregnancy and lactation
(www.mothertobaby.org)

� The Healthy Outcomes in Pregnancy with SLE Through Education of Providers (HOP-STEP) Program, which provides SRH information for
patients with systemic lupus erythematosus (SLE) and other systemic autoimmune and rheumatic diseases (SARDs) (www.lupuspregnancy.org)

� LactMed, an online resource providing information about medication safety in lactation76

Build advanced expertise in SRH among interested rheumatologists
• A formalized certification program in “reproductive rheumatology” could build a cadre of rheumatology professionals with SRH knowledge

and expertise.
� A formalized certification program in reproductive rheumatology could include professional education materials, digital lectures, an online

certification examination and use study materials from existing textbooks and guidelines from ACR, EULAR, and British Society for
Rheumatology.77–79

• Develop pregnancy registries and SRH-focused rheumatology research registries to generate data advancing SRH care.
• National meetings of experts in rheumatology and trainees/early-stage investigators interested in reproductive rheumatology to discuss

emerging findings in the field and challenging cases and build cross-institutional collaborations.
� Examples include the Reproductive Rheumatology National Lab Meeting monthly teleconference funded by the National Institute of Arthritis and

Musculoskeletal and Skin Diseases, NIH (Duke University, Principal Investigator: Megan E.B. Clowse, MD MPH).
• International SRH-focused rheumatology meetings, such as the International Conference on Reproduction, Pregnancy, and Rheumatic Dis-

eases (“Rheumapreg”), highlight multidisciplinary SRH care models for patients with SARDs.
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of health care traumas perpetuated on historically marginalized
populations.

Pregnancy and fertility care. Once rheumatologists
have assessed people’s preferences for pregnancy, rheumatolo-
gists may advise women who desire pregnancy to take a prenatal
vitamin and/or folic acid—particularly if they have used a

medication that can reduce folic acid stores (eg, methotrexate,
sulfasalazine). Disease activity and medication safety and com-
patibility in pregnancy should ideally be assessed before preg-
nancy. Rheumatologists should strongly consider prescribing
hydroxychloroquine to patients with SLE and with high-titer
Ro/SS-A antibodies to prevent neonatal lupus and fetal heart
block.1 During pregnancy, the ACR RHG recommends that

Pregnancy preferences assessment

Contraceptive counseling, including method types, safety in the context of systemic autoimmune 
and rheumatic diseases (SARDs),

Awareness of over-the-counter contraceptive methods, such as progestin-only pills and 
oral emergency contraception, are safe for all patients with SARDs

Safety and compatibility of medications in states of pre-pregnancy, pregnancy, and lactation 

Management of SARDs during pregnancy, including recognition of how immunologic changes of 

signs of hypertensive disorders of pregnancy

Provision of timely referrals to primary women’s and reproductive health providers
Primary care providers
Obstetrician-gynecologists and associated specialties:
-Maternal-fetal medicine experts
-Reproductive endocrinologists
-Complex family planning/contraception

Management of SARDs during fertility procedures, including an understanding of how exogenous 

Important SRH topics for additional consideration:

Management of SARDs during menopause transition, including an understanding of how 
endogenous hormone changes and hormone replacement 
and quality of life

Provision of referrals for cervical cancer screening, particularly among patients with SLE and/or 
individuals who are immunosuppressed— some of whom may require annual screening

Familiarity with menstrual-associated disease flares and querying about menstrual arthritis in 
context of cyclical disease flares among individuals who menstruate

Screening for sexual health and function among all adult patients with rheumatic diseases

•

•
•

Figure 2. Recommended sexual and reproductive health (SRH) competencies for rheumatologists by topic area. SLE, systemic lupus erythema-
tosus. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80049/abstract.
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disease activity laboratory tests are checked at least once a tri-
mester.1 Rheumatologists should be aware that the biologic
changes of pregnancy can affect the assessment of disease
activity. For example, during normal pregnancy, complement
levels rise by 10% to 50%, physiologic proteinuria of less than
300 mg/day is common, the erythrocyte sedimentation rate can
increase by 30% to 70%, and increases in intravascular volume
can lead to mild anemia and thrombocytopenia.36 Rheumatolo-
gists should also be aware that as compared to the general pop-
ulation, some patients with SARDs—particularly SLE and APS–
are at higher risk for potentially life-altering hypertensive disorders
of pregnancy (eg, preeclampsia, HELLP [hemolysis, elevated liver
enzymes, and low platelets] syndrome).37 Low-dose aspirin
(LDASA), started by the end of the first trimester, may modestly
reduce the risk of preeclampsia among individuals with SLE, anti-
phospholipid antibodies (aPLs)/APS, and other risk factors for
preeclampsia (eg, chronic hypertension, history of preeclampsia);
whereas OB/GYNs usually initiate LDASA as part of their practice,
rheumatologists can also safely do so.1,38,39 Rheumatologists
who see pregnant patients whose blood pressures meet or
exceed systolic and diastolic pressures of 140 mm Hg and/or
90 mm Hg, respectively, should directly communicate with
OB/GYN colleagues, as urgent treatment and monitoring may
be required.

Fertility is generally preserved in the SARDs; however, some
patients may experience subfertility or infertility related to cyclo-
phosphamide exposure, uncontrolled RA, or advanced maternal
age.1 Rheumatologists should promptly refer patients with sus-
pected infertility to reproductive endocrinology for evaluation and
consideration of assisted reproductive technologies (ART).40

Patients with stable or quiescent diseases, including SLE, can
safely undergo ART; however, during ovarian stimulation, low
molecular weight heparin should be considered for individuals
with aPLs and provided to individuals with obstetric or thrombotic
APS.1 To preserve reproductive potential for women using intra-
venous cyclophosphamide, reproductive endocrinologists can
facilitate oocyte preservation before therapy, and rheumatologists
or OB/GYNs may consider prescribing gonadotropin-releasing
hormone agonist therapy for ovarian protection (eg, leuprolide
acetate). With the exception of cyclophosphamide, all other
immunosuppressive therapies—including those with teratogenic
risk—can be continued during ovarian stimulation for oocyte/
embryo cryopreservation; teratogens, however, must be discon-
tinued in advance of implantation and during pregnancy.1

Medication safety during pregnancy and lactation.
DMARDs are often required before, during, and after pregnancy
to control SARDs disease activity and thus may be essential for
optimizing downstream reproductive outcomes.41 However,
despite revisions to the Federal Policy for the Protection of Human
Subjects—the “Common Rule”—which declassified pregnant
women as a protected class in research in 2019, many drug and

vaccine trials continue to exclude pregnant women. Rather than
enhancing safety in this group, this approach to research has
undermined the generation of evidence needed to inform safe
prescribing decisions during pregnancy and lactation.41,42

Among newer drugs approved by the US Food and Drug Admin-
istration (FDA), 90% present limited or no human data on preg-
nancy safety.43 More research is urgently needed to investigate
the safety of medications in the pregnancy and lactation context
and to determine how potential risks can be clearly communi-
cated to clinicians and patients.

All rheumatologists should be aware of evolving guidance
around medication safety in pregnancy and lactation. The ACR
RHG and EULAR indicate that certain medications are not safe
to use in pregnancy, including cyclophosphamide (in the first tri-
mester), methotrexate, and mycophenolate/mycophenolic
acid.1,13 Although azathioprine is safe to use throughout preg-
nancy, the FDA has issued a warning around a rare association
of thiopurines with intrahepatic cholestasis of pregnancy (ICP).
One study of SLE reported a 4.7% risk of ICP in thiopurine-
exposed pregnancies versus 1.9% in unexposed pregnancies.
This complication resolves with drug discontinuation and may
potentially be mitigated by twice-daily dosing.44,45 The FDA has
also advised against use of nonsteroidal anti-inflammatory drugs
beginning around 20 weeks’ gestation due to risk of fetal oligohy-
dramnios and at around 30 weeks’ gestation due to risk of pre-
mature closure of the fetal ductus arteriosus.46 Other
medications, such as hydroxychloroquine, sulfasalazine, colchi-
cine, tumor necrosis factor inhibitors, and low-dose steroids, are
safe to use at all stages of pregnancy.1,13

EULAR also asserts that rheumatologists may also consider
treating patients with biologic drugs with molecular properties
that render them unlikely to cross the placenta during early fetal
development.13 For example, monoclonal antibodies of IgG (eg,
belimumab, canakinumab, ixekizumab, rituximab, sarilumab,
secukinumab, tocilizumab, ustekinumab, rituximab) have high
affinity to neonatal Fc receptor (FcRn) but are unlikely to cross
the placenta until after 16 weeks’ gestation, a point after which
fetal organogenesis has concluded and risk of teratogenesis is
low. The FcRn has weak binding affinity to the Fc fusion proteins
of certain biologics (eg, etanercept, abatacept), and neonatal
drug levels are low. Fc-free drugs and biologic drugs without Ig
structures (eg, certolizumab, anakinra) do not enter the fetal circu-
lation.13 This guidance significantly broadens the therapeutic
armamentarium for people who require treatment during preg-
nancy and thus may positively impact pregnancy outcomes in
the SARDs.

Following a case of disseminated tuberculosis in an
infliximab-exposed infant who received the live BCG vaccine, a
number of studies examined the health risks associated with fetal
exposure to biologics and have not found an increased risk of
major infections among these children in their first year of life.47

ACR and EULAR indicate that nonlive vaccines are safe to give
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on schedule to biologic-exposed infants, and the live rotavirus
vaccine can be given on schedule to infants exposed to some bio-
logics (eg, tumor necrosis factor inhibitors). At present, guidelines
conditionally recommend delay of the rotavirus vaccination until
six months of age for infants exposed in utero to anti–B cell
agents (eg, rituximab, belimumab) and potentially other biologics
that are less well studied.13,48 All guidelines indicate that risks of
neonatal immunosuppression with in utero exposure to DMARDs
must be balanced with the potential consequences of uncon-
trolled disease activity on the patient and fetus.1,13,49

Contraception. All people with SARDs can use at least one
method of contraception safely; however, OB/GYNs and PCPs
may be less familiar with safety issues related to the SARDs. We
therefore believe that basic contraception counseling and care is
important for rheumatologists to build into their clinical practice.
Clear contraception safety guidance is available from the ACR
RHG and the Medical Eligibility Criteria from the Centers for Dis-
ease Control and Prevention.1,50 Methods that appear to be safe
for nearly all patients, including those with SLE and moderate- or
high-titer aPLs/APS, are the intrauterine device (IUD), emergency
contraception (including over-the-counter oral tablets or the cop-
per IUD, which is hormone free), and the progestin-only pill
(POP).1,51–53

Underscoring the safety of POPs, an FDA-approved POP,
norgestrel, has been available for purchase over the counter since
2023.54 Rheumatologists should feel comfortable recommending
this option to patients, particularly those with an urgent contra-
ceptive need and with appropriate referrals to OB/GYN or
contraception specialists for follow-up care. Importantly, norges-
trel currently costs around $20 for a one-month supply, which will
be cost-prohibitive to some patients; rheumatologists ideally
would feel comfortable prescribing POPs, which are low-cost or
even free with certain insurance plans.

Menstruation, menopause, and sexual function. The
rheumatologist should be generally aware of how menstruation
and menopause may affect SARDs activity and quality of life.
Although understudied, menstrual arthritis—disease flares occur-
ring around the time of menstruation—can be debilitating and, if
not explicitly screened for among menstruating people, can be
misconstrued as treatment-resistant disease activity. In up to half
of cases, contraception and/or nonsteroidal anti-inflammatory
drugs may ameliorate these symptoms without the need for
DMARD escalation.55 The menopause transition is associated
with emergence of SARDs such as RA and Sjögren disease and
can be difficult to differentiate from the recently characterized
“musculoskeletal syndrome of menopause,” which includes peri-
menopausal/menopausal arthralgia, osteoarthritis, adhesive cap-
sulitis, tendinitis, osteoporosis, sarcopenia, and/or diffuse
musculoskeletal pain.56,57 During menopause, sexual dysfunction
becomes more prevalent among women with vasomotor and

genitourinary symptoms, the latter of which may be particularly
challenging for women with pre-existing vaginal dryness from
SARDs (eg, Sjögren disease).58

Vasomotor, genitourinary, and potentially even musculoskel-
etal symptoms may improve with systemic or topical estrogens
and/or progesterone, ie, menopausal hormone therapy (MHT),
previously called hormone replacement therapy. Recently reinter-
preted clinical data suggest that MHT is safer than previously rec-
ognized for many women younger than 60 years and/or within
10 years of menstrual cessation59; midlife patients may increas-
ingly ask their rheumatologists about the safety of MHT in the con-
text of their SARDs. Of note, MHT formulations have lower
estrogen content than estrogen-containing contraceptives.60

The ACR RHG indicates MHT—particularly transdermal options
(eg, patch), which have less of a thrombotic risk than oral
options—can be safely considered for individuals with SLE and
other SARDs. MHT currently is not recommended for individuals
with APS or conditionally for individuals with persistently positive
aPLs, as the acceptably safe dose of exogenous estrogens in this
group is unknown.1 Individuals with genitourinary symptoms who
are not candidates for MHT can use vaginal estrogen, which has
minimal systemic absorption. For vasomotor symptoms, these
individuals can consider FDA-approved paroxetine, a selective
serotonin reuptake inhibitor (SSRI), or the expensive but effective
neurokinin receptor antagonists (NK1/3, NK3), which modulate
thermoregulatory zones in the hypothalamus. Nonhormonal, off-
label options for vasomotor symptoms include nonparoxetine
SSRIs, serotonin–norepinephrine reuptake inhibitors, gabapentin
or pregabalin, oxybutynin, and cognitive behavioral therapy.60

Building structural resources that enhance SRH
care for patients with SARDs

A challenge for the rheumatologist is how to operationalize
SRH competencies within existing clinical care models. Qualita-
tive findings and QI projects provide guidance for the integration
of SRH into practice.33,61–63 However, the creation of an imple-
mentable SRH framework in rheumatology will also require multi-
disciplinary clinical collaboration, trainee education, and patient
information resources, as described in Box 2 and the following
sections:

1. Build bridges with primary care and obstetrics
and gynecology. Although patients need PCPs and OB/GYNs
to address SRH needs such as pregnancy care and contracep-
tion, OB/GYN shortages, particularly in rural areas and states with
abortion restrictions, are undermining access to SRH care.64,65

Among nearly 2,500 reproductive-aged women with SARDs
who received regular rheumatology care in a large health care
system, only one-third and two-thirds saw a gynecologist or
PCP, respectively, over a two-year time frame.66 Some patients
report that no provider takes ownership of their SRH needs or that
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Box 2. Building structural resources that enhance sexual and reproductive health (SRH) care for patients with systemic
autoimmune and rheumatic diseases (SARDs)
Build collaborative care models between rheumatologists, reproductive rheumatologists, and obstetrician–gynecologists (OB/
GYNs)/maternal–fetal medicine (MFM)
• Identify an OB/GYN practice or OB/GYN with whom to collaborate on SRH care.
• Develop multidisciplinary case conferences at academic centers that highlight clinical pearls.
• Use the electronic health record to do the following:

� Create easy referral pathways between OB/GYN and rheumatology.
� Collect local data about SRH outcomes; gaps in care could be prioritized for quality improvement.

• Develop virtual or electronic cross-institutional consultation systems between reproductive rheumatologists and community-based rheu-
matology providers for challenging SRH cases.80

• Develop easy referral pathways between rheumatology and complex contraception specialists—OB/GYN clinicians who provide contra-
ception for people with medical complexity.

• Develop collaborative clinical care models between OB/GYN and rheumatology, such as the following:
� Reproductive rheumatology clinics that provide guidelines-concordant SRH care and coordinate care with OB/GYN and OB/GYN specialists
� Current examples include the University of Pittsburgh/University of Pittsburgh Medical Center, Duke University, Hospital for Special Surgery, and

University of Chicago.
� Rheumatology–obstetric clinics that integrate rheumatology and OB/GYN care
� US example includes Women & Infants Hospital in Providence, Rhode Island81; multiple clinics internationally offer this care in a single, combined

clinic.82

� As 30% of maternal deaths occur 42 days after delivery until one year post partum, Interconception Care (ICC) and Fourth Trimester (4TM) care
models engage primary care clinicians and subspecialists in management of maternal health immediately after and between pregnancies to
enhance postpartum and future pregnancy outcomes.83,84

• Develop large-scale research centers that integrate SRH and rheumatology/chronic disease management and advance the evidence base
for SRH care for individuals with SARDs:
� U.S. examples include University of Pittsburgh,83 Duke University, Hospital for Special Surgery, and New York University.

Build SRH education for rheumatology trainees

National or regional level
• Perform an updated needs assessment around SRH education in rheumatology.70

� Include rheumatology advanced practice providers.
• Develop standards for SRH education in rheumatology fellowship, developed by content experts in reproductive rheumatology, medical

education, and women’s health specialties.
• Increase representation of SRH topics on the rheumatology initial certification examination.
• Increase awareness of and access to educational opportunities to build SRH knowledge:

� Expand access to up-to-date lectures (eg, American College of Rheumatology [ACR] Virtual Rheumatology Program for Fellows in Training);
provide pre- and post-tests to assess knowledge acquisition.

� Require continuing medical education on SRH topics.
• The Objective Structured Clinical Examination can assess competency in counseling around contraception or pregnancy planning and can

be proctored virtually or in person by content experts in reproductive rheumatology or OB/GYN/women’s health.85

• A certification program in rheumatology and SRH could build expertise in reproductive rheumatology.
• Increase research opportunities for interested fellows in topics related to SRH.

� Cross-institutional collaborations may be needed if local expertise is not available.
• Foundation- and industry-funded one-year fellowships at reproductive rheumatology centers could advance a cadre of highly trained rheu-

matologists in SRH (eg, UCB Women’s Health Fellowship in Rheumatology).

Institutional level
• Develop local SRH curricula and training opportunities (eg, clinic rotations) with faculty from OB/GYN/MFM, reproductive endocrinology,

and complex contraception.
• Invite conference speakers with clinical and research expertise in SRH (ie, reproductive rheumatologists) to lecture to trainees and faculty.
• Implement multidisciplinary case-based conferences for training programs that lack access to patients who have SRH/obstetric needs

based on population demographics with OB/GYN/MFM experts to review clinical scenarios that they may face in practice.
• Routinely observe and evaluate fellows while providing an aspect of SRH care and counseling to patients.
• Encourage trainees to develop and implement quality improvement projects focused on SRH, which have measurable outcomes and can

augment SRH education and quality of care within a single rheumatology division.

Develop patient-directed resources focused on SRH and SARDs
• ACR, Arthritis Foundation, Lupus Foundation of America, Vasculitis Foundation, Mother to Baby (www.mothertobaby.org), HOP-STEP

(www.lupuspregnancy.org), and Bedsider (www.bedsider.org), among others, offer person-centered SRH materials online.
• SRH materials in the SARDs context must be accessible to individuals with limited health literacy and numeracy skills.

Continued
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their rheumatologists and OB/GYNs provide conflicting advice,
particularly around contraception safety or medication safety dur-
ing pregnancy and lactation.10 Moreover, some rheumatologists
report that they lack professional relationships with OB/GYNs.67

Rheumatologists can no longer safely assume that patients
have an SRH provider. Ideally, every rheumatology practice should
be able to identify at least one OB/GYN provider or practice to
whom they can place referrals for urgent patient care. We believe
it is particularly important that rheumatologists and maternal–fetal
medicine (MFM) experts—obstetric specialists who care for
patients with chronic and complex medical conditions—work col-
laboratively and provide clinical care from a common evidence
base. To better meet the SRH needs of individuals with SARDs,
structural changes are urgently needed to break silos and improve
communication, collaboration, and guidelines-concordant care
between rheumatologists and OB/GYNs/MFM.

2. Build rheumatology fellowship training in SRH.
Rheumatologists’ knowledge and comfort level around SRH care
may reflect their exposure to SRH in the training pathway. It is
unclear how many rheumatology fellowship programs currently
integrate SRH into their curricula. SARDs-specific aspects of
women’s and SRH care are not explicitly featured in the Accredi-
tation Council for Graduate Medical Education program require-
ments for rheumatology fellowship training.68 The rheumatology
certification examination includes content areas such as “lupus
pregnancy,” “neonatal lupus,” and “antiphospholipid antibody
syndrome in pregnancy.”69 However, important aspects of peri-
partum care across other SARDs, pharmacologic management
in pregnancy and lactation, and contraception care do not appear
to be featured in the primary content of the examination. It is
therefore conceivable that some rheumatologists enter indepen-
dent practice without having received formal SRH education or
demonstrated SRH knowledge. Even less is known about SRH
training for advanced practice providers (APPs), who are increas-
ingly providing rheumatology care in the United States.

To build a foundation of SRH in rheumatology, SRH educa-
tion must be integrated into rheumatology fellowship and APP
training; fellows have greater bandwidth to learn about SRH than
practicing rheumatologists, and a prior study indicated that they
are eager to expand their SRH knowledge using summary sheets,
question banks, didactics, and online modules.70 To enhance
accountability, rheumatology in-training and certification

examinations should cover a broader range of SRH topics. Fel-
lows in training and APPs should also learn how to routinely
assess people’s reproductive goals and preferences as part of
the standard clinical encounter.

3. Build evidence-based educational resources for
patients with SARDs. Patient knowledge may be an important
driver of downstream SRH outcomes. Some patients lack basic
and SARDs-specific SRH knowledge, such as the effectiveness
and safety of contraception in the context of SARDs. Such
knowledge gaps might lead some patients to inadvertently
choose low-efficacy methods of contraception, increasing the risk
for pregnancies that are undesired and may be high risk.31,71,72 In
addition, some patients discontinue effective, pregnancy-
compatible medications during pregnancy and lactation due to
uncertainty about medication safety, which can lead to subopti-
mal clinical outcomes.10

Patients need trustworthy, accurate, and accessible informa-
tion about SRH. Rheumatologists and/or support staff (eg,
nurses) should be prepared to share educational materials about
SRH. As SRH decisions are often nuanced, complex, and prefer-
ence sensitive, individuals need time to reflect on their own priori-
ties and sometimes seek opinions of their partners or family
members; they also need ways to communicate their questions
to their rheumatologists. Resources are available to educate
patients and help to build their SRH knowledge and clarify and
communicate their information needs, such as videos, websites
and printable fact sheets,73 decision aids,41,74 SRH knowledge
assessments for in-clinic and research use,72,75 and educational
interventions.75

Conclusions

An important opportunity exists to enhance the SRH of indi-
viduals with SARDs through proactive care provided in the rheu-
matology context. We highlight potential targets for intervention
before and during pregnancy that may help to support healthy
reproductive outcomes that align with people’s preferences and
priorities. We offer ideas about how existing SRH-related
resources from the QFP, ACR, and EULAR can be integrated into
rheumatology care.

We acknowledge that our recommendations have limita-
tions. First, we focus on female patients with SARDs; however,

Box 2 Building structural resources that enhance sexual and reproductive health (SRH) care for patients with systemic
autoimmune and rheumatic diseases (SARDs)—cont’d
• Digital resources can offer SRH information directly to patients:

� Digital resources have been developed for patients with SARDs.
� MyVoice:Rheum is a digital decision aid that may build reproductive knowledge among women with SARDs.74

• Trained doulas, community health workers, and/or peer support groups, in addition to clinicians, may support information needs, as well as
emotional and physical needs related to pregnancy, parenting, pregnancy loss, adoption/surrogacy, or other areas of SRH.
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adolescents, male patients, and LGBTQIA individuals also need
and deserve high-quality SRH services and should be the focus
of future deliberation. Furthermore, our recommendations are
not exhaustive; for example, although not addressed in depth in
the current article, referrals for cervical cancer screening and
assessments for sexual dysfunction and postpartum depression
are important in certain populations. Finally, additional brain-
storming is needed to feasibly advance SRH delivery in rheuma-
tology clinics with high patient volumes and/or abbreviated visit
times.

However, by building a stronger foundation of SRH care in
rheumatology, we can reconceptualize the adverse reproductive
outcomes that can occur in rheumatology as being intervenable
and not inevitable; this can provide reassurance and hope for
patients with SARDs. Moving forward as a field, we must respect-
fully and proactively deliberate how best to integrate SRH care in
rheumatology in ways in which rheumatologists will support and
invest and that best meet the needs of individuals with SARDs.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Birru Talabi confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Sammaritano LR, Bermas BL, Chakravarty EE, et al. 2020 American
College of Rheumatology guideline for the management of reproduc-
tive health in rheumatic and musculoskeletal diseases. Arthritis Care
Res (Hoboken) 2020;72(4):461–488. doi:https://doi.org/10.1002/
acr.24130

2. Whitacre CC. Sex differences in autoimmune disease. Nat Immunol
2001;2(9):777–780. doi:https://doi.org/10.1038/ni0901-777

3. Mehta B, Luo Y, Xu J, et al. Trends in maternal and fetal outcomes
among pregnant women with systemic lupus erythematosus in the
United States: a cross-sectional analysis. Ann Intern Med 2019;
171(3):164–171. doi:https://doi.org/10.7326/M19-0120

4. Mehta B, Jannat-Khah D, Glaser KK, et al. Fetal and maternal morbidity
in pregnant patients with Lupus: a 10-year US nationwide analysis.
RMD Open 2023;9(1):e002752. doi:https://doi.org/10.1136/rmdopen-
2022-002752

5. Clowse ME, Jamison M, Myers E, et al. A national study of the compli-
cations of lupus in pregnancy. Am J Obstet Gynecol 2008;199(2):127.
e1–127.e6. doi:https://doi.org/10.1016/j.ajog.2008.03.012

6. Izmirly PM, Saxena A, Kim MY, et al. Maternal and fetal factors associ-
ated with mortality and morbidity in a multi-racial/ethnic registry of anti-
SSA/Ro-associated cardiac neonatal lupus. Circulation 2011;124(18):
1927–1935. doi:https://doi.org/10.1161/CIRCULATIONAHA.111.
033894

7. Tian L, Zhang Z, Mao Y, et al. Association between pregnant women
with rheumatoid arthritis and preeclampsia: a systematic review and

meta-analysis. Medicine (Baltimore) 2023;102(26):e34131. doi:
https://doi.org/10.1097/MD.0000000000034131

8. Buyon JP, Kim MY, Salmon JE. Predictors of pregnancy outcomes in
patients with lupus. Ann Intern Med 2016;164(2):131. doi:https://doi.
org/10.7326/L15-0500

9. Clowse MEB, Li J, Snyderman AG, et al. High frequency of teratogen
prescriptions to women of reproductive age with rheumatic disease.
Arthritis Rheumatol 2023;75(8):1495. doi:https://doi.org/10.1002/
art.42461

10. Birru Talabi M, Eudy AM, Jayasundara M, et al. Tough choices:
exploring medication decision-making during pregnancy and lactation
among women with inflammatory arthritis. ACR Open Rheumatol
2021;3(7):475–483. doi:https://doi.org/10.1002/acr2.11240

11. Winterstein AG, Wang Y, Smolinski NE, et al. Prenatal care initiation
and exposure to teratogenic medications. JAMA Netw Open 2024;
7(2):e2354298. doi:https://doi.org/10.1001/jamanetworkopen.2023.
54298

12. Luche N, Talabi MB. Contraceptive care in the rheumatic diseases: a
review. J Clin Rheumatol 2024;30(7S)(suppl 1):S5–S12. doi:https://
doi.org/10.1097/RHU.0000000000002124

13. Rüegg L, Pluma A, Hamroun S, et al. EULAR recommendations for
use of antirheumatic drugs in reproduction, pregnancy, and lactation:
2024 update. Ann Rheum Dis 2025;84(6):910–926. doi:https://doi.
org/10.1016/j.ard.2025.02.023

14. Giles I, Yee CS, Gordon C. Stratifying management of rheumatic dis-
ease for pregnancy and breastfeeding. Nat Rev Rheumatol 2019;
15(7):391–402. doi:https://doi.org/10.1038/s41584-019-0240-8

15. Ko HS, Ahn HY, Jang DG, et al. Pregnancy outcomes and appropri-
ate timing of pregnancy in 183 pregnancies in Korean patients with
SLE. Int J Med Sci 2011;8(7):577–583. doi:https://doi.org/10.7150/
ijms.8.577

16. Kaplowitz ET, Ferguson S, Guerra M, et al. Contribution of socioeco-
nomic status to racial/ethnic disparities in adverse pregnancy out-
comes among women with systemic lupus erythematosus. Arthritis
Care Res (Hoboken) 2018;70(2):230–235. doi:https://doi.org/10.
1002/acr.23263

17. American College of Physicians. Toolkit: reproductive health. 2025.
Accessed February 1, 2026. https://www.acponline.org/advocacy/
state-health-policy/toolkit-reproductive-health

18. Birru Talabi M, ClowseMEB, Schwarz EB, et al. Family planning coun-
seling for women with rheumatic diseases. Arthritis Care Res
(Hoboken) 2018;70(2):169–174. doi:https://doi.org/10.1002/acr.
23267

19. Calabrese L, Battafarano DF, Stamatos C, et al. “Burnout” coupled
with workforce shortages spells trouble: innovative solutions are
essential for more satisfying rheumatology practice. Arthritis Rheuma-
tol 2023;75(9):1499–1502. doi:https://doi.org/10.1002/art.42537

20. Birru Talabi M, Callegari LS, Kazmerski TM, et al. A blueprint for a new
model of sexual and reproductive health care in subspecialty medi-
cine. Health Serv Res 2023;58(1):216–222. doi:https://doi.org/10.
1111/1475-6773.14074

21. Graves CR, Woldemichael RM, Davis SF. Cardio-obstetrics: moving
beyond programming to action. J Am Heart Assoc 2023;12(5):
e028141. doi:https://doi.org/10.1161/JAHA.122.028141

22. Hoyert DL. Maternal mortality rates in the United States, 2022. NCHS
Health E-Stats. 2024. Accessed February 1, 2026. https://www.cdc.
gov/nchs/data/hestat/maternal-mortality/2022/maternal-mortality-
rates-2022.pdf

23. Rossen LM, Hamilton BE, Abma JC, et al. Updated methodology
to estimate overall and unintended pregnancy rates in the
United States. Vital Health Stat 2 2023;(201):1–37.

24. Ross L, Solinger R. Reproductive Justice: An Introduction. University
of California Press; 2017.

SEXUAL AND REPRODUCTIVE HEALTH CARE IN RHEUMATOLOGY 1519

https://doi.org/10.1002/acr.24130
https://doi.org/10.1002/acr.24130
https://doi.org/10.1038/ni0901-777
https://doi.org/10.7326/M19-0120
https://doi.org/10.1136/rmdopen-2022-002752
https://doi.org/10.1136/rmdopen-2022-002752
https://doi.org/10.1016/j.ajog.2008.03.012
https://doi.org/10.1161/CIRCULATIONAHA.111.033894
https://doi.org/10.1161/CIRCULATIONAHA.111.033894
https://doi.org/10.1097/MD.0000000000034131
https://doi.org/10.7326/L15-0500
https://doi.org/10.7326/L15-0500
https://doi.org/10.1002/art.42461
https://doi.org/10.1002/art.42461
https://doi.org/10.1002/acr2.11240
https://doi.org/10.1001/jamanetworkopen.2023.54298
https://doi.org/10.1001/jamanetworkopen.2023.54298
https://doi.org/10.1097/RHU.0000000000002124
https://doi.org/10.1097/RHU.0000000000002124
https://doi.org/10.1016/j.ard.2025.02.023
https://doi.org/10.1016/j.ard.2025.02.023
https://doi.org/10.1038/s41584-019-0240-8
https://doi.org/10.7150/ijms.8.577
https://doi.org/10.7150/ijms.8.577
https://doi.org/10.1002/acr.23263
https://doi.org/10.1002/acr.23263
https://www.acponline.org/advocacy/state-health-policy/toolkit-reproductive-health
https://www.acponline.org/advocacy/state-health-policy/toolkit-reproductive-health
https://doi.org/10.1002/acr.23267
https://doi.org/10.1002/acr.23267
https://doi.org/10.1002/art.42537
https://doi.org/10.1111/1475-6773.14074
https://doi.org/10.1111/1475-6773.14074
https://doi.org/10.1161/JAHA.122.028141
https://www.cdc.gov/nchs/data/hestat/maternal-mortality/2022/maternal-mortality-rates-2022.pdf
https://www.cdc.gov/nchs/data/hestat/maternal-mortality/2022/maternal-mortality-rates-2022.pdf
https://www.cdc.gov/nchs/data/hestat/maternal-mortality/2022/maternal-mortality-rates-2022.pdf


25. Bakkensen JB, Smith KS, Cheung EO, et al. Childbearing, infertility,
and career trajectories among women in medicine. JAMA Netw Open
2023;6(7):e2326192. doi:https://doi.org/10.1001/jamanetworkopen.
2023.26192

26. Borrero S, Judge-Golden C, Dehlendorf C, et al. Moving beyond unin-
tended pregnancy: development of a person-centered conceptual
framework and measure of self-assessed pregnancy acceptability.
Stud Fam Plann 2026;57(1):5–25. doi:https://doi.org/10.1111/sifp.
70044

27. Callegari LS, Aiken AR, Dehlendorf C, et al. Addressing potential pit-
falls of reproductive life planning with patient-centered counseling.
Am J Obstet Gynecol 2017;216(2):129–134. doi:https://doi.org/10.
1016/j.ajog.2016.10.004

28. Birru Talabi M, Callegari LS, Borrero S. Redefining primum non nocere
to include reproductive autonomy: a new paradigm in subspecialty
medicine. Womens Health Rep (New Rochelle) 2021;2(1):497–499.
doi:https://doi.org/10.1089/whr.2021.0079

29. Romer SE, Blum J, Borrero S, et al. Providing quality family planning
services in the United States: recommendations of the U.S. Office of
Population Affairs (revised 2024). Am J Prev Med 2024;67(6 suppl):
S41–S86. doi:https://doi.org/10.1016/j.amepre.2024.09.007

30. Vohra D, Manzer JL, Neelan T, et al. Screening for the need and desire
for sexual and reproductive health services: a systematic review.
Am J Prev Med 2024;67(6 suppl):S10–S21. doi:https://doi.org/10.
1016/j.amepre.2024.08.008

31. Wolgemuth T, Stransky OM, Chodoff A, et al. Exploring the prefer-
ences of women regarding sexual and reproductive health care in
the context of rheumatology: a qualitative study. Arthritis Care Res
(Hoboken) 2021;73(8):1194–1200. doi:https://doi.org/10.1002/acr.
24249

32. Elwyn G, Dehlendorf C, Epstein RM, et al. Shared decision making
and motivational interviewing: achieving patient-centered care across
the spectrum of health care problems. Ann Fam Med 2014;12(3):
270–275. doi:https://doi.org/10.1370/afm.1615

33. Pryor KP, Albert B, Desai S, et al. Pregnancy intention screening in
patients with systemic rheumatic diseases: pilot testing a standard-
ized assessment tool. ACR Open Rheumatol 2022;4(8):682–688.
doi:https://doi.org/10.1002/acr2.11449

34. Geist C, Aiken AR, Sanders JN, et al. Beyond intent: exploring the
association of contraceptive choice with questions about pregnancy
attitudes, timing and how important is pregnancy prevention (PATH)
questions. Contraception 2019;99(1):22–26. doi:https://doi.org/10.
1016/j.contraception.2018.08.014

35. Lekas HM, Pahl K, Fuller Lewis C. Rethinking cultural competence:
shifting to cultural humility. Health Serv Insights 2020;13:
1178632920970580. doi:https://doi.org/10.1177/1178632920970580

36. Dao KH, Bermas BL. Systemic lupus erythematosus management in
pregnancy. Int J Womens Health 2022;14:199–211. doi:https://doi.
org/10.2147/IJWH.S282604

37. Zahid S, MohamedMS,Wassif H, et al. Analysis of cardiovascular com-
plications during delivery admissions among patients with systemic
lupus erythematosus, 2004-2019. JAMA Netw Open 2022;5(11):
e2243388. doi:https://doi.org/10.1001/jamanetworkopen.2022.43388

38. Andreoli L, Bertsias GK, Agmon-Levin N, et al. EULAR recommenda-
tions for women’s health and the management of family planning,
assisted reproduction, pregnancy and menopause in patients with
systemic lupus erythematosus and/or antiphospholipid syndrome.
Ann Rheum Dis 2017;76(3):476–485. doi:https://doi.org/10.1136/
annrheumdis-2016-209770

39. Committee on Obstetric Practice Society for Maternal–Fetal Medicine.
ACOG Committee Opinion No. 743: low-dose aspirin use during
pregnancy. Obstet Gynecol 2018;132(1):e44–e52. doi:https://doi.
org/10.1097/AOG.0000000000002708

40. Practice Committee of the American Society for Reproductive Medi-
cine. Fertility evaluation of infertile women: a committee opinion. Fertil
Steril 2021;116(5):1255–1265. doi:https://doi.org/10.1016/j.fertnstert.
2021.08.038

41. Birru Talabi M, Miller R, Krishnamurti T. Medication decision making
under uncertainty: considering chronic disease and pregnancy poten-
tial. Semin Perinatol 2025;49(3):152057. doi:https://doi.org/10.1016/
j.semperi.2025.152057

42. Pregnant women: scientific and ethical considerations for inclusion in
clinical trials. Food and Drug Administration. 2018. Accessed
February 1, 2026. https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/pregnant-women-scientific-and-
ethical-considerations-inclusion-clinical-trials

43. Byrne JJ, Saucedo AM, Spong CY. Evaluation of drug labels following
the 2015 pregnancy and lactation labeling rule. JAMA Netw Open
2020;3(8):e2015094. doi:https://doi.org/10.1001/jamanetworkopen.
2020.15094

44. Prentice R, Flanagan E, Wright E, et al. Thiopurine metabolite shunting
in late pregnancy increases the risk of intrahepatic cholestasis of preg-
nancy in women with inflammatory bowel disease, and can be man-
aged with split dosing. J Crohns Colitis 2024;18(7):1081–1090. doi:
https://doi.org/10.1093/ecco-jcc/jjae023

45. FDA alerts health care professionals of pregnancy problems associ-
ated with thiopurines. Food and Drug Administration. April 29, 2024.
Accessed February 1, 2026. https://www.fda.gov/drugs/drug-
safety-and-availability/fda-alerts-health-care-professionals-pregnancy-
problems-associated-thiopurines

46. Nonsteroidal anti-inflammatory drugs (NSAIDs): Drug Safety Commu-
nication - avoid use of NSAIDs in pregnancy at 20 weeks or later.
Food and Drug Administration. October 15, 2020. Accessed
February 1, 2026. https://www.fda.gov/safety/medical-product-
safety-information/nonsteroidal-anti-inflammatory-drugs-nsaids-drug-
safety-communication-avoid-use-nsaids-pregnancy-20

47. Cheent K, Nolan J, Shariq S, et al. Case report: fatal case of dissemi-
nated BCG infection in an infant born to a mother taking infliximab for
Crohn’s disease. J Crohns Colitis 2010;4(5):603–605. doi:https://doi.
org/10.1016/j.crohns.2010.05.001

48. Bass AR, Chakravarty E, Akl EA, et al. 2022 American College of
Rheumatology guideline for vaccinations in patients with rheumatic
and musculoskeletal diseases. Arthritis Care Res (Hoboken) 2023;
75(3):449–464. doi:https://doi.org/10.1002/acr.25045

49. Pluma A, Hamroun S, Rüegg L, et al. Antirheumatic drugs in repro-
duction, pregnancy, and lactation: a systematic literature review
informing the 2024 update of the EULAR recommendations. Ann
Rheum Dis 2025;84(9):1561–1590. doi:https://doi.org/10.1016/j.
ard.2025.02.021

50. Nguyen AT, Curtis KM, Tepper NK, et al; U.S. medical eligibility criteria
for contraceptive use, 2024. MMWR Recomm Rep 2024;73(4):1–
126. doi:https://doi.org/10.15585/mmwr.rr7304a1

51. Sammaritano LR. Which hormones and contraception for women
with APS? Exogenous hormone use in women with APS. Curr Rheu-
matol Rep 2021;23(6):44. doi:https://doi.org/10.1007/s11926-021-
01006-w

52. Petri M, KimMY, Kalunian KC, et al; OC-SELENA Trial. Combined oral
contraceptives in women with systemic lupus erythematosus. N Engl
J Med 2005;353(24):2550–2558. doi:https://doi.org/10.1056/
NEJMoa051135

53. S�anchez-Guerrero J, Uribe AG, Jiménez-Santana L, et al. A trial of
contraceptive methods in womenwith systemic lupus erythematosus.
N Engl J Med 2005;353(24):2539–2549. doi:https://doi.org/10.1056/
NEJMoa050817

54. Allen RH, Bartz D. Opill: the over-the-counter contraceptive pill.
Obstet Gynecol 2024;143(2):184–188. doi:https://doi.org/10.1097/
AOG.0000000000005455

BIRRU TALABI AND BORRERO1520

https://doi.org/10.1001/jamanetworkopen.2023.26192
https://doi.org/10.1001/jamanetworkopen.2023.26192
https://doi.org/10.1111/sifp.70044
https://doi.org/10.1111/sifp.70044
https://doi.org/10.1016/j.ajog.2016.10.004
https://doi.org/10.1016/j.ajog.2016.10.004
https://doi.org/10.1089/whr.2021.0079
https://doi.org/10.1016/j.amepre.2024.09.007
https://doi.org/10.1016/j.amepre.2024.08.008
https://doi.org/10.1016/j.amepre.2024.08.008
https://doi.org/10.1002/acr.24249
https://doi.org/10.1002/acr.24249
https://doi.org/10.1370/afm.1615
https://doi.org/10.1002/acr2.11449
https://doi.org/10.1016/j.contraception.2018.08.014
https://doi.org/10.1016/j.contraception.2018.08.014
https://doi.org/10.1177/1178632920970580
https://doi.org/10.2147/IJWH.S282604
https://doi.org/10.2147/IJWH.S282604
https://doi.org/10.1001/jamanetworkopen.2022.43388
https://doi.org/10.1136/annrheumdis-2016-209770
https://doi.org/10.1136/annrheumdis-2016-209770
https://doi.org/10.1097/AOG.0000000000002708
https://doi.org/10.1097/AOG.0000000000002708
https://doi.org/10.1016/j.fertnstert.2021.08.038
https://doi.org/10.1016/j.fertnstert.2021.08.038
https://doi.org/10.1016/j.semperi.2025.152057
https://doi.org/10.1016/j.semperi.2025.152057
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials
https://doi.org/10.1001/jamanetworkopen.2020.15094
https://doi.org/10.1001/jamanetworkopen.2020.15094
https://doi.org/10.1093/ecco-jcc/jjae023
https://www.fda.gov/drugs/drug-safety-and-availability/fda-alerts-health-care-professionals-pregnancy-problems-associated-thiopurines
https://www.fda.gov/drugs/drug-safety-and-availability/fda-alerts-health-care-professionals-pregnancy-problems-associated-thiopurines
https://www.fda.gov/drugs/drug-safety-and-availability/fda-alerts-health-care-professionals-pregnancy-problems-associated-thiopurines
https://www.fda.gov/safety/medical-product-safety-information/nonsteroidal-anti-inflammatory-drugs-nsaids-drug-safety-communication-avoid-use-nsaids-pregnancy-20
https://www.fda.gov/safety/medical-product-safety-information/nonsteroidal-anti-inflammatory-drugs-nsaids-drug-safety-communication-avoid-use-nsaids-pregnancy-20
https://www.fda.gov/safety/medical-product-safety-information/nonsteroidal-anti-inflammatory-drugs-nsaids-drug-safety-communication-avoid-use-nsaids-pregnancy-20
https://doi.org/10.1016/j.crohns.2010.05.001
https://doi.org/10.1016/j.crohns.2010.05.001
https://doi.org/10.1002/acr.25045
https://doi.org/10.1016/j.ard.2025.02.021
https://doi.org/10.1016/j.ard.2025.02.021
https://doi.org/10.15585/mmwr.rr7304a1
https://doi.org/10.1007/s11926-021-01006-w
https://doi.org/10.1007/s11926-021-01006-w
https://doi.org/10.1056/NEJMoa051135
https://doi.org/10.1056/NEJMoa051135
https://doi.org/10.1056/NEJMoa050817
https://doi.org/10.1056/NEJMoa050817
https://doi.org/10.1097/AOG.0000000000005455
https://doi.org/10.1097/AOG.0000000000005455


55. Birru Talabi M, Eudy AM, Jayasundara M, et al. Pregnancy, periods,
and “the pill”: exploring the reproductive experiences of women with
inflammatory arthritis. ACR Open Rheumatol 2019;1(2):125–132.
doi:https://doi.org/10.1002/acr2.1016

56. Wright VJ, Schwartzman JD, Itinoche R, et al. The musculoskeletal
syndrome of menopause. Climacteric 2024;27(5):466–472. doi:
https://doi.org/10.1080/13697137.2024.2380363

57. Sammaritano LR. Menopause in patients with autoimmune diseases.
Autoimmun Rev 2012;11(6-7):A430–A436. doi:https://doi.org/10.
1016/j.autrev.2011.11.006

58. D’Andrea S, Vinci A, Navarini L, et al. Evaluation of sexual dysfunction
among women with primary Sjögren’s syndrome using a Female Sex-
ual Function Index: a systematic review and meta-analysis. J Sex Med
2025;22(8):1399–1408. doi:https://doi.org/10.1093/jsxmed/qdaf110

59. Makary MA, Nguyen CP, Høeg TB, et al. Updated labeling for meno-
pausal hormone therapy. JAMA 2026;335(2):117–118. doi:https://
doi.org/10.1001/jama.2025.22259

60. The 2023 nonhormone therapy position statement of The North
American Menopause Society. Menopause 2023;30(6):573–590.
doi:https://doi.org/10.1097/GME.0000000000002200

61. Siegel CH, Jannat-Khah D, Mikhaylov AL, et al. Increasing contracep-
tion documentation in an academic rheumatology clinic: a quality
improvement approach. ACR Open Rheumatol 2025;7(1):e11775.
doi:https://doi.org/10.1002/acr2.11775

62. Moon B, Bajaj P, Clowse M, et al. Improving documentation rates of
contraception and reproductive planning in patients with rheumatic
disease. Arthritis Care Res (Hoboken) 2025;77(10):1240–1245. doi:
https://doi.org/10.1002/acr.25562

63. Mitchell D, Lesoon L, Edens C, et al. How to provide sexual and repro-
ductive health care to patients: focus groups with rheumatologists
and rheumatology advanced practice providers. J Rheumatol 2023;
50(2):240–245. doi:https://doi.org/10.3899/jrheum.220217

64. Strasser J, Schenk E, Luo Q, et al. Lower obstetrician and gynecolo-
gist (OBGYN) supply in abortion-ban states, despite minimal state-
level changes in the 2 years post-Dobbs. Health Aff Sch 2024;2(12):
qxae162. doi:https://doi.org/10.1093/haschl/qxae162

65. Kozhimannil KB, Interrante JD, Carroll C, et al. Obstetric care access
declined in rural and urban hospitals across US states, 2010-22.
Health Aff (Millwood) 2025;44(7):806–811. doi:https://doi.org/10.
1377/hlthaff.2024.01552

66. Birru Talabi M, Clowse MEB, Blalock SJ, et al. Contraception use
among reproductive-age women with rheumatic diseases. Arthritis
Care Res (Hoboken) 2019;71(8):1132–1140. doi:https://doi.org/10.
1002/acr.23724

67. Birru Talabi M, Clowse MEB, Blalock SJ, et al. Perspectives of adult
rheumatologists regarding family planning counseling and care: a
qualitative study. Arthritis Care Res (Hoboken) 2020;72(3):452–458.
doi:https://doi.org/10.1002/acr.23872

68. ACGME program requirements for graduate medical education in
rheumatology. Accessed February 1, 2026. https://www.acgme.
org/globalassets/pfassets/programrequirements/2025-reformatted-
requirements/150_rheumatology_2025_reformatted.pdf

69. Rheumatology blueprint: certification examination (CERT). American
Board of Internal Medicine. Accessed February 1, 2026. https://
www.abim.org/media/rbqlto3v/rheumatology-cert.pdf

70. Rubino S, Battistone MJ, Ardoin SP, et al. Bringing reproductive
health guidelines into fellowship training: a national survey of adult
and pediatric rheumatology fellows and program directors. Arthritis
Care Res (Hoboken) 2025;77(3):330–336. doi:https://doi.org/10.
1002/acr.25203

71. Stransky OM, Wolgemuth T, Kazmerski T, et al. Contraception
decision-making and care among reproductive-aged women with
autoimmune diseases. Contraception 2021;103(2):86–91. doi:
https://doi.org/10.1016/j.contraception.2020.11.001

72. Birru Talabi M, Clowse MEB, Blalock SJ, et al. Development of Repro-
Know, a reproductive knowledge assessment for women with rheu-
matic diseases. BMC Rheumatol 2019;3(1):40. doi:https://doi.org/
10.1186/s41927-019-0091-6

73. ACR Reproductive Health Initiative. American College of Rheuma-
tology. Accessed September 6, 2025. https://rheumatology.org/
reproductive-health-initiative

74. Birru Talabi M, Clowse MEB, Abebe K, et al. Development and pilot
testing of a patient-centered reproductive decision aid for
pregnancy-capable people with rheumatic diseases. ACR Open
Rheumatol 2025;7(3):e11791. doi:https://doi.org/10.1002/acr2.
11791

75. Lee JE, Mendel A, Malhamé I, et al. An educational tool to improve
PREeclamPsia knowledge and Aspirin adheRence in lupus prEgnan-
cies: the PREPARE trial. Rheumatology (Oxford) 2025;64(11):5707–
5715. doi:https://doi.org/10.1093/rheumatology/keaf334

76. Drugs and Lactation Database. (LactMed®). National Institute of Child
Health and Human Development; 2025. Accessed September
5, 2025. https://www.ncbi.nlm.nih.gov/books/NBK501922/

77. Sammaritano LR, Bermas BL, eds. Contraception and Pregnancy in
Patients With Rheumatic Disease. Springer; 2014. doi:https://doi.
org/10.1007/978-1-4939-0673-4

78. Schreiber K, Chakravarty E, Ostensen M, eds. Practical Management
of the Pregnant Patient With Rheumatic Disease. Oxford University
Press; 2021. https://doi.org/10.1093/med/9780198845096.001.
0001

79. Schreiber K, Frishman M, Russell MD, et al; BSR Standards, Audit
and Guidelines Working Group. British Society for Rheumatology
guideline on prescribing drugs in pregnancy and breastfeeding:
comorbidity medications used in rheumatology practice. Rheumatol-
ogy (Oxford) 2023;62(4):e89–e104. doi:https://doi.org/10.1093/
rheumatology/keac552

80. Clowse MEB, Federspiel JJ, Wheeler S, et al. Moving the ACR’s
reproductive health guidelines into practice: a quantitative and qualita-
tive assessment of a novel reproductive rheumatology ECHO. J Clin
Rheumatol 2025;31(5):e66–e72. doi:https://doi.org/10.1097/RHU.
0000000000002222

81. Reed G, Deeb M, Mathew J, et al. Pregnancy outcomes from a multi-
disciplinary obstetric-medicine/rheumatology clinic in the
United States: a five-year retrospective analysis. Arthritis Care Res
(Hoboken) 2024;76(12):1744–1750. doi:https://doi.org/10.1002/acr.
25425

82. Tani C, Zucchi D, Bellis E, et al. Patient care pathways for pregnancy
in rare and complex rheumatic diseases: results from an international
survey. J Rheumatol 2023;50(7):934–938. doi:https://doi.org/10.
3899/jrheum.220773

83. Méndez DD, Simhan HN, Tukuru SA, et al. Advancing maternal health
through the EMBRACE Research Center of Excellence: foundations,
approach and protocol. BJOG 2025;132(13):2217–2225. doi:
https://doi.org/10.1111/1471-0528.18335

84. Chen Y, Shiels MS, Uribe-Leitz T, et al. Pregnancy-related deaths in
the US, 2018-2022. JAMA Netw Open 2025;8(4):e254325. doi:
https://doi.org/10.1001/jamanetworkopen.2025.4325

85. Wolfe RM, Hant FN, Ishizawar RC, et al. Virtual learning and assess-
ment in rheumatology fellowship training: objective structured clinical
examination revisited. Arthritis Care Res (Hoboken) 2023;75(12):
2435–2441. doi:https://doi.org/10.1002/acr.25170

SEXUAL AND REPRODUCTIVE HEALTH CARE IN RHEUMATOLOGY 1521

https://doi.org/10.1002/acr2.1016
https://doi.org/10.1080/13697137.2024.2380363
https://doi.org/10.1016/j.autrev.2011.11.006
https://doi.org/10.1016/j.autrev.2011.11.006
https://doi.org/10.1093/jsxmed/qdaf110
https://doi.org/10.1001/jama.2025.22259
https://doi.org/10.1001/jama.2025.22259
https://doi.org/10.1097/GME.0000000000002200
https://doi.org/10.1002/acr2.11775
https://doi.org/10.1002/acr.25562
https://doi.org/10.3899/jrheum.220217
https://doi.org/10.1093/haschl/qxae162
https://doi.org/10.1377/hlthaff.2024.01552
https://doi.org/10.1377/hlthaff.2024.01552
https://doi.org/10.1002/acr.23724
https://doi.org/10.1002/acr.23724
https://doi.org/10.1002/acr.23872
https://www.acgme.org/globalassets/pfassets/programrequirements/2025-reformatted-requirements/150_rheumatology_2025_reformatted.pdf
https://www.acgme.org/globalassets/pfassets/programrequirements/2025-reformatted-requirements/150_rheumatology_2025_reformatted.pdf
https://www.acgme.org/globalassets/pfassets/programrequirements/2025-reformatted-requirements/150_rheumatology_2025_reformatted.pdf
https://www.abim.org/media/rbqlto3v/rheumatology-cert.pdf
https://www.abim.org/media/rbqlto3v/rheumatology-cert.pdf
https://doi.org/10.1002/acr.25203
https://doi.org/10.1002/acr.25203
https://doi.org/10.1016/j.contraception.2020.11.001
https://doi.org/10.1186/s41927-019-0091-6
https://doi.org/10.1186/s41927-019-0091-6
https://rheumatology.org/reproductive-health-initiative
https://rheumatology.org/reproductive-health-initiative
https://doi.org/10.1002/acr2.11791
https://doi.org/10.1002/acr2.11791
https://doi.org/10.1093/rheumatology/keaf334
https://www.ncbi.nlm.nih.gov/books/NBK501922/
https://doi.org/10.1007/978-1-4939-0673-4
https://doi.org/10.1007/978-1-4939-0673-4
https://doi.org/10.1093/med/9780198845096.001.0001
https://doi.org/10.1093/med/9780198845096.001.0001
https://doi.org/10.1093/rheumatology/keac552
https://doi.org/10.1093/rheumatology/keac552
https://doi.org/10.1097/RHU.0000000000002222
https://doi.org/10.1097/RHU.0000000000002222
https://doi.org/10.1002/acr.25425
https://doi.org/10.1002/acr.25425
https://doi.org/10.3899/jrheum.220773
https://doi.org/10.3899/jrheum.220773
https://doi.org/10.1111/1471-0528.18335
https://doi.org/10.1001/jamanetworkopen.2025.4325
https://doi.org/10.1002/acr.25170


Formal and Informal Social Care in People With Rheumatic
and Musculoskeletal Diseases: A Cross-Sectional
Multicenter Survey

Mehreen Somro, PhD,1 Karen Durrant,2 William G. Dixon, PhD,1,3,4 John McBeth, PhD,1

Alex MacGregor, PhD,2,5 Max Yates, PhD,2,5 and Jenny H. Humphreys, PhD1,4

Objective. Rheumatic and musculoskeletal diseases (RMDs) are leading causes of physical disability, necessitat-
ing support with activities of daily living. This study describes social care received by patients with RMDs in two dispa-
rate regions of England: Salford (urban) and Norfolk (rural).

Methods. A cross-sectional survey identified how many patients received care and who provided it as well as care
type (formal/informal), frequency, and duration. Participants included (1) patients attending rheumatology outpatient
facilities at Salford Royal Hospital and (2) participants with inflammatory polyarthritis enrolled in the Norfolk Arthritis
Register (NOAR). Descriptive statistics compared the care received, and a logistic regression model investigated fac-
tors associated with receiving help.

Results. The Salford cohort was younger and had a wider range of RMDs compared with NOAR. A significant num-
ber of participants in the Salford (85%) and NOAR (38%) groups required help with daily activities. Of those needing
help, 61% and 73% received care in Salford and NOAR, respectively, predominantly informally from family and friends.
Local authorities delivered social care to just 0.5% of Salford and 1.4% of NOAR participants. Daily care was provided
to 43% of Salford and 53% of NOAR participants. Weekly care duration varied: 21% of Salford and 31% of NOAR
responders received ≤4 hours, and 19% of Salford and 10% of NOAR responders received >20 hours. Having multiple
conditions increased the likelihood of receiving care: Salford odds ratio 1.93 (95% confidence interval [CI] 1.18–3.18)
and NOAR odds ratio 3.30 (95% CI 1.45–7.60).

Conclusion. The survey highlights a lack of formal care for patients with RMDs, who mostly rely on undocumented
informal care. Patients with multiple conditions often require daily living assistance; rheumatology services should con-
sider incorporating social care reviews as part of routine practice.

INTRODUCTION

Rheumatic and musculoskeletal diseases (RMDs) encom-

pass a diverse range of more than 200 conditions that affect the

joints, bones, muscles, and tendons and includes both inflamma-

tory and noninflammatory diseases, often resulting in pain, stiff-

ness, and decreased mobility.1 The World Health Organization

Global Burden of Disease study has highlighted RMDs as a lead-

ing cause of disability worldwide, ranking them as the second

most prevalent contributor to total years lived with disability.2

Within RMDs, rheumatoid arthritis (RA) is a debilitating, multisys-

tem, chronic inflammatory condition and is the most common

inflammatory diagnosis within RMDs.3 RA has been shown to

have a considerable impact on the physical, social, and mental
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health of patients.1 In a recent meta-analysis, up to 50% of people

diagnosed with RA had to stop working because of the disease,

leading to a significant decrease in the quality of life, and most

are of working age at the time of diagnosis.4 Although there has

been extensive research into medication to treat active disease,

reduce disability, and improve the quality of life for people with

RA, despite these advances, many patients still experience signif-

icant impairment, known as the disability gap.5

RA and other RMDs lead to substantial economic burdens
both directly and indirectly with contributions from both formal
and informal care.6 Formal caregiving refers to professional health
services provided by individuals or agencies that are paid for their
care, which can include medical practitioners, in-home nursing
and personal care, and institutional care facilities. In the
United Kingdom, health care is provided free at the point of
access, through the NHS. In contrast, formal social care is only
provided through local authorities on a means-tested basis; it
may also be accessed through self-funding, charities, and other
third-sector organizations. Informal caregiving, on the other hand,
involves unpaid support by family members, friends, or volunteers
who provide assistance with daily activities and medical needs.
These two types of care contribute to the direct and indirect costs
associated with RA and other RMDs. Direct costs encompass
medical treatments such as hospital stays, clinic visits, medica-
tions, laboratory tests, and imaging procedures, as well as costs
for physical therapy and adaptive equipment, which might include
alterations to living spaces. These direct expenses are generally
well documented.7 Indirect costs, on the other hand, stem from
decreased work productivity, job-related disability, and, notably,
the necessity for nonprofessional or informal caregiving services.
These costs are often more difficult to capture and are typically

not well documented in health records.8 Support provided by
family and friends to those with conditions such as RA and other
RMDs is not frequently recognized or recorded as caregiving,
making it challenging to assess its economic value. This informal
care, although often essential, is difficult to quantify monetarily
because of its private and unstructured nature.

Further, caregiving can extend past activities of daily living
(ADLs) to include help with mobility, household chores, medica-
tion management, and transport. The indirect costs relating to
supporting individuals, which can be defined as social care sup-
port, have largely been unexplored in people with RMDs and are
crucial in determining the true disease burden they pose to indi-
viduals. This is in part because this information is not captured
routinely and needs to be asked about directly. This study aimed
to characterize and quantify both formal (provided by local author-
ities and other paid care providers) and informal (provided by
friends, family, and others) social care in people with RMDs in
two distinct regions of the United Kingdom, one rural and one
urban.

PATIENTS AND METHODS

Population. Two different groups of patients with RMDs
were sent an online cross-sectional survey to identify and charac-
terize formal and informal social care use (details below). The first
were unselected adult patients attending Salford Royal Hospital
Rheumatology outpatient clinics as part of a wider study nested
within the “Data Jigsaw” program of research (https://
thedatajigsaw.co.uk/). The survey was distributed via QR codes
and text messages, and informed electronic consent was gained.
Text message invites were sent to patients who had attended
these clinics between October 2022 and September 2023 via
the DrDoctor messaging service. Patients were also recruited
directly from rheumatology clinics between November 2022 and
March 2023. Rheumatology patients at Salford Royal Hospital
were eligible to participate if they were adults with a musculoskel-
etal condition under the hospital’s care, had internet access, and
could understand English with or without help from a caregiver.
Eligibility included adults older than 18 years with a musculoskele-
tal diagnosis who had seen a rheumatologist at Salford Royal and
were under active follow-up with the rheumatology department.

The second group were current participants of the Norfolk
Arthritis Register (NOAR). NOAR has been described in detail
elsewhere9; briefly, since 1990, NOAR has recruited adults older
than age 16 years from Norfolk with recent swelling in two or more
joints for at least 4 weeks. Participants who were actively enrolled
in NOAR (n = 1,085), had consented to contact, and had pro-
vided an email address were sent an email invitation to take part
in the social care survey between March 27 and 31, 2023.
Reminders were subsequently sent to those who had yet to com-
plete the survey between April 17 and May 12, 2023.

SIGNIFICANCE & INNOVATIONS
• This study is the first to examine the association

between rheumatic and musculoskeletal diseases
and social care. Three in five patients received regu-
lar care, mostly unpaid from family or friends,
revealing a substantial hidden economic burden
on patients, caregivers, and society.

• Further, we found that one in three people with
these conditions require help with basic activities
of daily living such as washing, dressing, and house-
hold chores. For 7 of 10 of those receiving this social
care, it was on at least a daily basis and often for
several hours.

• Importantly, our findings were broadly consistent
across two differing regions of the United Kingdom.
Norfolk is largely classified by the Office for
National Statistics as “majority rural”; by contrast
Salford is an urban population. This suggests that
these patterns of care do not change based on
rurality.
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Survey development and refinement. The survey was
originally adapted from an existing social care interview survey
developed as part of a project funded by the Nuffield Foundation
and the Department of Health10 and has been used by our team
previously.11 It was further refined with input from a patient advi-
sory group to develop a web-based survey to enhance patient
usability and reduce burden using Qualtrics software. The
patient advisory group was made up of four patient partners living
with RMDs based in Salford who took part in a Patient and Public
Involvement workshop in January 2022 that explored this and
other aspects of the Data Jigsaw program. They also provided
feedback specifically on the survey in a postworkshop question-
naire. The workshop and feedback did not recommend major
changes to the survey.

The survey collected data on participant demographics,
whether help was required with ADLs (for example washing,
dressing, or grocery shopping), which activities these were, who
provided it, and the frequency and duration of the help provided.
This captured both formal and informal help. Details of demo-
graphics, comorbid conditions, and partial postcodes were
recorded to allow calculation of the Townsend Deprivation Index.
Quintiles were created by setting 0 as the threshold for the Town-
send Deprivation level to allow comparison with the national aver-
age Townsend Deprivation score.12 Additional questions were
asked in the NOAR survey pertaining to work (see Supplementary
Exhibit 1). The Salford study received ethics approval from the UK
Health Research Authority (REC ref 22/WA/0056, IRAS number
306827). NOAR received ethics approval from East of
England – Cambridgeshire and Hertfordshire Research Ethics
Committee (REC reference 15/EE/0076; IRAS 166048 substan-
tial amendment No. 6, amendment date November 8, 2022).

Analysis. Data from the Qualtrics survey data were
exported to R (version 4.2.1) for analysis and visualization.
Detailed descriptive and summary statistics were performed.
Data from each cohort were analyzed in parallel because of the
differences in recruitment approaches and underlying population
differences. To examine representativeness, the demographics
of each cohort were compared with its background population
(rheumatology outpatients for Salford and the NOAR 2020 popu-
lation for NOAR).

The type, frequency, and duration of care were quantified in
both cohorts, and descriptive comparisons were made between
the two cohorts. Logistic regression analysis was conducted to
identify factors associated with requiring help. Variables included
in the model were age, sex, multiple long-term condition count
(defined as a person who has no underlying health conditions or
one, two, or more than three comorbidities), and the Townsend
Index as a continuous variable. The data used for the survey are
not publicly available without the completion of specific training
requirements and information governance checks mandated by
the data owners.

RESULTS

Demographics. A total of 805 people interacted with the
Salford survey. Of these, 502 consented to take part, and
439 completed the survey. The majority, 326 (74%), were female,
with a median age of 58 years, and an age range spanning from
21 to 94 years (Table 1). Osteoarthritis was self-reported by
154 participants (35%) and RA by 136 (31%) (see Table 1). Two
hundred eighty-two (64%) participants reported multiple long-
term health conditions (MLTCs).

In NOAR, a total of 1,085 personalized invitation emails were
sent between March 27 and March 31, 2023, with 210 individuals
taking part. Of these, 183 consented and completed the survey.
The majority, 128 (69%), were female, with a median age of
63 years and an age range spanning from 27 to 84 years
(Table 1). Because of the population of NOAR, a high proportion
of NOAR respondents had a diagnosis of RA (n = 135, 73%).
Osteoarthritis was reported by 38 of the participants (20%) (see
Table 1). Eighty-eight participants (48%) reported MLTCs. Thirty-
nine percent of the respondents were in paid employment, 51%
were retired, 3% were looking for work, and 7% were unable
to work.

The demographics of the Salford survey respondents were
similar to those of the hospital population, and the NOAR respon-
dents were similar to the NOAR cohort. This comparison included
age, sex, Index of Multiple Deprivation, and ethnicity. The average
age for both populations was similar, with a higher proportion of
women, and most of the population was of a White British back-
ground. Reporting of other ethnicities was not possible because
of low counts and the resultant risk of participant re-identification.

ADLs. People who reported living with an RMD often
required assistance with ADLs, with 85% (374 of 439) of the Sal-
ford cohort and 38% (71 of 183) of the NOAR cohort stating they
required help. These ADLs included carrying out household
chores, grocery shopping, and managing to get in and out of
bed. Specifically, nearly half of the Salford individuals and more
than 80% of the NOAR participants who reported receiving help
did so for routine household tasks, whereas approximately two-
fifths of the Salford individuals and two-thirds of the NOAR partic-
ipants reporting receiving help did so for grocery shopping. The
next most common reported activity with those receiving help
was getting in and out of bed. Moreover, approximately one-third
of the Salford participants and almost half the NOAR participants
reporting receiving assistance did so for dressing and undressing,
approximately one-third of both cohorts for leaving their homes,
and roughly one-sixth for help with medication (see Figure 1).

Providers of social care. For both groups, most partici-
pants who received assistance with ADLs received help informally
from family and friends (Figure 2A and B): 61% (226 of 374) in Sal-
ford and 73% (52 of 71) in NOAR. Approximately 16% (63 of 374)
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of Salford participants and 23% (17 of 71) of NOAR participants
arranged and paid for assistance themselves without involvement
from local authorities or social care organizations. Notably, only a
small percentage in both surveys (0.5% or 2 of 374 for Salford
and 1.4% or 1 of 71 for NOAR) had their services paid for by the
local authority. There were also a few participants (2.4% [9 of
373] for Salford and 8.4% [6 of 71] for NOAR) who received sup-
port from homecare assistants, occupational therapists, and vol-
untary helpers (Figure 2A and B). Overall, 10% of the Salford
cohort reported “other,” and the other included a variety of exam-
ples such as “gardener,” “hospital staff,” and “supermarket deliv-
ery.” A small number of participants received help from more than
one group, for example, family and friends as well as paid ser-
vices: in Salford, this was two individuals, and for NOAR this was
18 people. A total of 16% (63 of 374) also received help with lei-
sure activities, such as hobbies, socializing, or meeting up with
friends in the last month.

Duration and frequency. The amount of time that assis-
tance was received per week varied among the participants,
with the largest group receiving care for 4 hours or less per week
(46% [80 of 171] of respondents in Salford and 30% [22 of 71] in
NOAR cohorts). However, a notable minority (19% [n = 74] in
Salford and 25% [n = 18] in NOAR) required more than 10 hours
of care per week (Figures 3A and 4A). Approximately 7 in 10 peo-
ple (72% [n = 123] in Salford and 68% [n = 45] in NOAR)
received assistance on a daily basis (Figure 3B and C;
Figure 4B and C). Participants who required daily care also
tended to require more weekly hours of support (Figures 3C
and 4C) compared with those who received care less frequently.
There was a significant number of participants in the Salford
cohort who did not answer these two questions, with 201 nonre-
sponders. Across both cohorts, the frequency and duration of
support was similar between those receiving formal and informal
care (Supplementary Figure 1A–D). In those receiving very

Table 1. Participant demographics*

Salford NOAR

Social care Social care

No (n = 65) Yes (n = 374) Overall (N = 439) No (n = 112) Yes (n = 71)
Overall
(N = 183)

Age, y
Median [min–max] 59.0 [21.0–87.0] 57.5 [21.0–94.0] 58.0 [21.0–94.0] 63.0 [27.0–84.0] 63.0 [27.0–84.0] 63.0 [27.0–84.0]

Sex, n (%)
Female 50 (76.9) 276 (73.8) 326 (74.3) 72 (64.3) 55 (77.5) 128 (69.6)
Male 13 (20.0) 96 (25.7) 109 (24.8) 40 (35.7) 15 (21.1) 55 (29.9)
Missing 2 (3.1) 2 (0.5) 4 (0.9) 0 (0) 1 (1.4) 1 (0.5)

Diagnosis reported, n (%)a

Rheumatoid arthritis 21 (32.3) 115 (30.7) 136 (31.0) 82 (73.2) 53 (74.6) 135 (73.4)
Osteoarthritis 27 (41.5) 127 (34.0) 154 (35.1) 18 (16.1) 20 (28.2) 38 (20.7)
Psoriatic arthritis 7 (10.8) 48 (12.8) 55 (12.5) 16 (14.3) 5 (7.0) 21 (11.4)
Axial
spondyloarthropathy

6 (9.2) 28 (7.5) 34 (7.7) 0 (0) 2 (2.8) 2 (1.1)

Other inflammatory
condition

5 (7.7) 32 (8.6) 37 (8.4) 8 (7.1) 7 (9.9) 15 (8.2)

Sjögren disease 5 (7.7) 32 (8.6) 37 (8.4) 40(35.7) 48(67.6) 88(48.1)
Systemic sclerosis 7 (10.8) 38 (10.2) 45 (10.3) – – –

Osteoporosis 10 (15.4) 42 (11.2) 52 (11.8) 9 (8.0) 6 (8.5) 15 (8.2)
Fibromyalgia 19 (29.2) 99 (26.5) 118 (26.9) 15 (13.4) 14 (19.7) 29 (15.8)
Other 15 (23.1) 96 (25.7) 111 (25.3) 54 (48.2) 28 (39.4) 82 (44.8)

Multiple long-term
conditions, n (%)b

11 (16) 271 (72) 282 (64) 17 (15.2) 8 (11.3) 25 (13.7)

Townsend Deprivation
Index category

1 (<3.80), n (%) 7 (10.8) 70 (18.7) 77 (17.5) 17 (15.2) 14 (19.7) 31 (16.9)
2 (−3.79 to −2.92), n (%)
and median [min–
max]

4 (6.2) 18 (4.8) 22 (5.0) 63.0 [27.0–84.0] 63.0 [27.0–84.0] 63.0 [27.0–84.0]

3 (−2.91 to −2.09), n (%) 11 (16.9) 45 (12.0) 56 (12.8) 72 (64.3) 55 (77.5) 128 (69.6)
4 (−2.08 to −0.55), n (%) 20 (30.8) 88 (23.5) 108 (24.6) 40 (35.7) 15 (21.1) 55 (29.9)
5 (>−0.54), n (%) 23 (35.4) 152 (40.6) 175 (39.9) 0 (0) 1 (1.4) 1 (0.5)

* Max, maximum; min, minimum; NOAR, Norfolk Arthritis Register.
a Some participants reported more than one diagnosis for their pain.
b Includes the musculoskeletal disorders above and the following chronic diseases listed in the questionnaire: angina, heart attack, heart dis-
ease, anxiety, gastrointestinal disease, stroke, chronic obstructive pulmonary disease, diabetes, cancer, multiple sclerosis, depression, and
other.
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infrequent or occasional help (once per month or less), it was
predominantly provided formally.

Factors associated with receiving social care. In the
two multivariable models (Table 2), similar patterns were identified
across both cohorts. Unexpectedly, younger people were found
to be more likely to receive help with ADLs in Salford, with an odds
ratio (OR) of 0.97 for age (95% confidence interval [CI] 0.96–0.99).
However, in the NOAR population, age was not associated with
receiving help, with an OR of 0.99 (95% CI 0.97–1.02). Partici-
pants who had MLTCs (defined as reporting at least one addi-
tional long-term condition to their index RMD) were found to be
more likely to receive help across both cohorts, with one addi-
tional long-term condition OR of 1.93 (95% CI 1.18–3.18) and
3.30 (95% CI 1.45–7.60) in Salford and NOAR, respectively.

DISCUSSION

In this survey of people with RMDs in two sites across the
United Kingdom, three to four of every five people who received help
did so informally without financial remuneration from family and
friends.We have shown approximately one in three people with these

conditions need help with basic ADLs, such as shopping, household
chores, and personal care activities. This help is need frequent and for
several hours daily. In addition, peoplewithMLTCsweremore likely to
need help. Despite the differences in the demographics between the
two regions investigated, and in particular rural versus urban settings,
the results were broadly similar across the cohorts.

To our knowledge, this is the first study to investigate the
relationship between RMDs and social care use. It is an important
outcome to describe for people with RMDs because RMDs are
the most common cause of chronic physical disability. As a
group, they are likely to require support with ADLs at some point
during their lifetime. Previously, we have investigated these rates
in people with chronic pain and also found high levels of informal
social care provision.11 According to the Office for National Statis-
tics (ONS), there are approximately five million unpaid carers
across England and Wales, representing a significant economic
burden.13 Understanding which diseases drive the need for care
is therefore important. RMDs are often present in people with
MLTCs and contribute significantly to function disability in this
context.14,15 We have demonstrated here that this is also an
important factor in driving the social care burden. Further work
remains to understand the relative social care burden of RMDs
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compared with other long-term conditions. We have also provided
some insight into which activities these patients need help with that
may be important for patient charities and support groups. The care

provided is often highly personal, and, therefore, it may be the infor-
mal care that is being required, falling heavily on very close friends
and family when professional support is not accessible or available.
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Figure 4. (A) Hours of social care received per week (NOAR). (B) Frequency of social care services received (NOAR). (C) Hours of social care by
frequency (NOAR). +Presented as the percentage of nonmissing data. NOAR, Norfolk Arthritis Register.
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In the United Kingdom, government-funded social care
comes under the Care Act 2014 and is provided through local
authorities (councils).16 This law states eligibility for formal social
care has been assessed on the basis of an individual’s care needs
and is not dependent on other informal care that may be pro-
vided. Our study demonstrates that rates of council-funded or
paid-for care are low in people with RMDs, with less than 2%
reporting this in our survey. These low levels of formal care provi-
sion suggest that people with RMDs either do not meet the eligi-
bility criteria for formal care or do not seek out formal care
support. Nevertheless, significant amounts of unpaid informal
care are being provided, demonstrating a large “care gap.” Infor-
mal carers are filling this gap with implications for society and the
economy. For example, older carers themselves may have their
own health needs that are left unattended, or for younger carers
there may be significant impact on their education and/or employ-
ment. These costs should be considered for inclusion in the health
economic analysis of the disease burden from RMDs.

These data provide a snapshot of care use in people with
RMDs. The strengths of this study include a large survey of two
regions of the United Kingdom across a spectrum of different
socioeconomic positions and rurality. Salford is classified by the
UK ONS within its most urban regional category. In contrast, Nor-
folk has a mixed profile: approximately 25% of its population lives
in the urban center of Norwich, and the rest falls under rural clas-
sifications ranging from “intermediate rural” to “majority rural,”
with the latter being the most rural category defined by the
ONS.10 The population of Salford is younger, with a median age
of 34 years; in comparison, the North Norfolk local authority has
the highest median age in England at 54 years. Both regions have
a higher proportion of population of White ethnicity compared
with England and Wales as a whole.17 Salford has high levels of
deprivation and is in the top 5% of the most deprived local author-
ities in England.18 By contrast Norfolk is in the bottom 50% of the
least deprived regions.19

Importantly, the study measured both formal and informal
care, allowing for the quantification of the hidden burden of

informal care in this patient group. However, there are some limi-
tations. We remain unsure of the prevalence of social care use at
a population level because of response rates and possible selec-
tion bias in who responded to the survey. The NOAR survey
recruited people from a pre-existing study of patients with inflam-
matory arthritis. We have compared the demographics in both the
rheumatology outpatient population in Salford and the overall
population in NOAR (data not shown), and these appear similar.
However, we cannot rule out unmeasured differences between
those who responded to the survey and those who did not. We
identified an association between younger age and receiving help
among Salford respondents; this somewhat surprising finding
may also be because of a response or selection bias, as younger
people with more significant needs may have been more likely to
take part in the survey.

It is possible that people invited but not responding to the
study were either more or less likely to require help. This could
be because rates of digital literacy are associated with markers
of deprivation, and therefore, those not responding may have
been in need. Although the participants represented an econom-
ically diverse group, the study population had little ethnic diversity,
with an underrepresentation of non-White participants compared
with the UK population in general. This is in keeping with the
demographics of the two regions recruited from (Salford and Nor-
folk), which limits the applicability of our findings to other ethnic
groups, which may access and provide care differently. Further-
more, a cross-sectional study is not suited to address whether
these arrangements have changed over time. Differential selection
bias may be present because of the distinct characteristics of the
Salford social care survey respondents compared with the NOAR
research cohort. The Salford respondents, having actively partici-
pated in a survey focused on social care, might exhibit different
response tendencies or perspectives compared with the NOAR
cohort accustomed to a broader range of survey topics. This
potential disparity in response behaviors could introduce bias,
influencing the generalizability of findings from either group to the
broader population.

Table 2. Factors associated with social care received in the last month*

Salford NOAR

aOR 95% CI P aOR 95% CI P

Age 0.97 0.96 0.99 <0.001 0.99 0.97 1.02 0.57
Sex
Female Ref Ref Ref Ref Ref Ref
Male 0.31 0.19 0.51 <0.001 0.42 0.19 0.88 0.035

Townsend Deprivation Index 1.02 0.93 1.13 0.61 1.04 0.82 1.30 0.76
Additional long-term conditions
0 Ref Ref Ref Ref Ref Ref
1 1.93 1.18 3.18 <0.001 3.3 1.45 7.60 <0.001
2 3.76 2.08 6.95 <0.001 5.87 2.53 14.2 <0.001
≥3 2.92 1.55 2.89 <0.001 2.14 1.40 9.89 <0.001

* Multivariate logistic regression, adjusting for all variables presented in the table. aOR, adjusted odds ratio; CI, con-
fidence interval; NOAR, Norfolk Arthritis Register; Ref, reference.
Answering “yes” to the question “Have you received help with activities of daily living in the last month?”
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In conclusion, there is a large care gap among this population
of patients, which has significant ramifications for future care pol-
icy. With increasing rates of RMDs, this care gap will affect larger
proportions of the population with consequences for the health
and productivity of informal caregivers. By capturing informal care
use by patients living with RMDs, this study highlights and quan-
tifies this problem. This is crucial as these data are currently not
captured by administrative organizations. Requiring assistance
with ADLs was associated with MLTCs and those of younger
age. Policymakers and care providers, as well as clinicians provid-
ing care to patients with RMDs, should consider these results in
their policymaking and practice and be aware of the high unmea-
sured burden of informal care in this population. It might be possi-
ble to consider incorporating an annual assessment of formal and
informal care provision for patients within routine rheumatology
services, supported by the full multidisciplinary team. This could
allow signposting to available support and services as well as pro-
viding an opportunity for more detailed data collection to better
define need and refine care provision in this population.

ACKNOWLEDGMENTS

We would like to thank all the participants of the survey. We would
also like to thank Dr Paul Clarkson for his contribution and advice.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Humphreys confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. van der Heijde D, Daikh DI, Betteridge N, et al. Common language
description of the term rheumatic and musculoskeletal diseases
(RMDs) for use in communication with the lay public, healthcare pro-
viders and other stakeholders endorsed by the European League
Against Rheumatism (EULAR) and the American College of Rheuma-
tology (ACR). Arthritis Rheumatol 2018;70(6):826–831. doi:https://
doi.org/10.1002/art.40448

2. Sebbag E, Felten R, Sagez F, et al. The world-wide burden of muscu-
loskeletal diseases: a systematic analysis of the World Health Organi-
zation Burden of Diseases Database. Ann Rheum Dis 2019;78(6):
844–848. doi:https://doi.org/10.1136/annrheumdis-2019-215142

3. Woolf AD, Erwin J, March L. The need to address the burden of mus-
culoskeletal conditions. Best Pract Res Clin Rheumatol 2012;26(2):
183–224. doi:https://doi.org/10.1016/j.berh.2012.03.005

4. Kirkeskov L, Bray K. Employment of patients with rheumatoid arthritis -
a systematic review and meta-analysis. BMC Rheumatol 2023;7(1):
41. doi:https://doi.org/10.1186/s41927-023-00365-4

5. Gwinnutt JM, Norton S, Hyrich KL, et al. Exploring the disparity
between inflammation and disability in the 10-year outcomes of peo-
ple with rheumatoid arthritis. Rheumatology (Oxford) 2022;61(12):
4687–4701. doi:https://doi.org/10.1093/rheumatology/keac137

6. Huang Y, Li J, Agarwal SK. Economic and humanistic burden of rheu-
matoid arthritis: results from the US National Survey Data 2018-2020.
ACR Open Rheumatol 2024;6(11):746–754. doi:https://doi.org/10.
1002/acr2.11728

7. Hsieh PH, Wu O, Geue C, et al. Economic burden of rheumatoid
arthritis: a systematic review of literature in biologic era. Ann Rheum
Dis 2020;79(6):771–777. doi:https://doi.org/10.1136/annrheumdis-
2019-216243

8. Batko B, Rolska-W�ojcik P, Władysiuk M. Indirect costs of rheumatoid
arthritis depending on type of treatment-a systematic literature review.
Int J Environ Res Public Health 2019;16(16):2966. doi:https://doi.org/
10.3390/ijerph16162966

9. Symmons DPM, Silman AJ. Aspects of early arthritis. What deter-
mines the evolution of early undifferentiated arthritis and rheumatoid
arthritis? An update from the Norfolk Arthritis Register. Arthritis Res
Ther 2006;8(4):214. doi:https://doi.org/10.1186/ar1979

10. Blake M, Gray M, Balarajan M et al. Social Care for older people
aged 65+, questionnaire documentation. https://www.under
standingsociety.ac.uk/documentation/mainstage/questionnaire-
modules/socialcare_w9/

11. Humphreys JH, Cook L, Clarkson P, et al. The influence of chronic
pain on social care service use in the UK. J Long Term Care 2022;
(2022):40–48. doi:https://doi.org/10.31389/jltc.89

12. Shohaimi S, Welch A, Bingham S, et al. Area deprivation predicts lung
function independently of education and social class. Eur Respir J 2004;
24(1):157–161. doi:https://doi.org/10.1183/09031936.04.00088303

13. Office for National Statistics. Unpaid care expectancy and health out-
comes of unpaid carers, England: April 2024. Published April 18, 2024.
Accessed June 1, 2025. https://www.ons.gov.uk/peoplepopulation
andcommunity/healthandsocialcare/socialcare/bulletins/unpaidcare
expectancyandhealthoutcomesofunpaidcarersengland/april2024

14. Ziade N, El Khoury B, Zoghbi M, et al. Prevalence and pattern of
comorbidities in chronic rheumatic and musculoskeletal diseases:
the COMORD study. Sci Rep 2020;10(1):7683. doi:https://doi.org/
10.1038/s41598-020-64732-8

15. Duffield SJ, Ellis BM, Goodson N, et al. The contribution of musculo-
skeletal disorders in multimorbidity: implications for practice and pol-
icy. Best Pract Res Clin Rheumatol 2017;31(2):129–144. doi:https://
doi.org/10.1016/j.berh.2017.09.004

16. UK Legislation. Care Act. 2014. Accessed June 1, 2025. https://
www.legislation.gov.uk/ukpga/2014/23/contents

17. Office for National Statistics. How life has changed in Salford: Census
2021. Published January 19, 2023. Accessed March 1, 2025. https://
www.ons.gov.uk/visualisations/censusareachanges/E08000006

18. Salford City Council. Salford Locality Plan: 2020-25. Partners in Salford.
Published July 2020. Accessed January 1, 2025. https://www.
partnersinsalford.org/media/qcvfgpp2/locality-plan-2020-to-2025.pdf

19. UK Government. English indices of deprivation 2019. Published
September 26, 2019. Accessed June 1, 2025. https://www.gov.uk/
government/statistics/english-indices-of-deprivation-2019

SOCIAL CARE IN RMDs 1531

https://doi.org/10.1002/art.40448
https://doi.org/10.1002/art.40448
https://doi.org/10.1136/annrheumdis-2019-215142
https://doi.org/10.1016/j.berh.2012.03.005
https://doi.org/10.1186/s41927-023-00365-4
https://doi.org/10.1093/rheumatology/keac137
https://doi.org/10.1002/acr2.11728
https://doi.org/10.1002/acr2.11728
https://doi.org/10.1136/annrheumdis-2019-216243
https://doi.org/10.1136/annrheumdis-2019-216243
https://doi.org/10.3390/ijerph16162966
https://doi.org/10.3390/ijerph16162966
https://doi.org/10.1186/ar1979
https://www.understandingsociety.ac.uk/documentation/mainstage/questionnaire-modules/socialcare_w9/
https://www.understandingsociety.ac.uk/documentation/mainstage/questionnaire-modules/socialcare_w9/
https://www.understandingsociety.ac.uk/documentation/mainstage/questionnaire-modules/socialcare_w9/
https://doi.org/10.31389/jltc.89
https://doi.org/10.1183/09031936.04.00088303
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/socialcare/bulletins/unpaidcareexpectancyandhealthoutcomesofunpaidcarersengland/april2024
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/socialcare/bulletins/unpaidcareexpectancyandhealthoutcomesofunpaidcarersengland/april2024
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/socialcare/bulletins/unpaidcareexpectancyandhealthoutcomesofunpaidcarersengland/april2024
https://doi.org/10.1038/s41598-020-64732-8
https://doi.org/10.1038/s41598-020-64732-8
https://doi.org/10.1016/j.berh.2017.09.004
https://doi.org/10.1016/j.berh.2017.09.004
https://www.legislation.gov.uk/ukpga/2014/23/contents
https://www.legislation.gov.uk/ukpga/2014/23/contents
https://www.ons.gov.uk/visualisations/censusareachanges/E08000006
https://www.ons.gov.uk/visualisations/censusareachanges/E08000006
https://www.partnersinsalford.org/media/qcvfgpp2/locality-plan-2020-to-2025.pdf
https://www.partnersinsalford.org/media/qcvfgpp2/locality-plan-2020-to-2025.pdf
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019


R E V I EW A R T I C L E

Risk of Retinopathy Associated with Long-Term Use of
Hydroxychloroquine in Patients with Rheumatic Diseases:
A Systematic Review and Meta-Analysis

Narsis Daftarian, MD,1,2 Chloe Yue, BSc,2 Steve D. Levasseur, MD,1 Hui Xie, PhD,3

and J. Antonio Avina-Zubieta, MD, PhD1,2

Objective. We aimed to estimate the prevalence and cumulative incidence of hydroxychloroquine retinopathy
(HCQ-R) and its risk factors among patients receiving long-term HCQ with rheumatic diseases through a systematic
review and meta-analysis of observational studies that used spectral-domain optical coherence tomography
(SD-OCT) for screening.

Methods. A systematic search of PubMed, Scopus, Ovid EMBASE, and World Health Organization databases
(inception–December 31, 2025) identified observational studies meeting the following criteria: 1) adults with rheumatic
diseases on HCQ for at least one year, 2) SD-OCT used for HCQ-R screening, 3) reported HCQ-R prevalence or cumu-
lative incidence or calculable data, 4) reported HCQ-R risk factors as hazard ratios (HRs) or odds ratios (ORs) with 95%
confidence intervals (CIs), and 5) English full text. Study quality was assessed using the Newcastle–Ottawa Scale.
Random-effects meta-analysis estimated pooled prevalence, cumulative incidence, and risk-factor associations.

Results. We screened 827 studies from which an overall 19 met inclusion criteria (18 cohort and 1 case-control).
Pooled HCQ-R prevalence from 2008 to 2023 was 5.1% (95% CI 3.9–6.5). Pooled cumulative incidence was 0.1%
(95% CI 0.0–0.5) at 5 years, 2.6% (95% CI 1.6–4.1) at 10 years, and 5.6% (95% CI 3.2–9.6) at 15 years. Risk factors
measured as HR (95% CI) included daily dose >5 mg/kg actual body weight (4.32 [2.80–6.65]), chronic kidney disease
(CKD) (1.94 [1.27–2.96]), female sex (3.78 [1.90–7.48]), and Asian vs White ethnicity (1.67 [1.07–2.62]).

Conclusion. HCQ-R risk increases with duration and is dose-dependent, reaching 5.6% by 15 years. Findings sup-
port dose optimization with intensified screening for higher-risk patients, including those with CKD or those who are
female and/or Asian.

INTRODUCTION

Hydroxychloroquine (HCQ) is a generally well-tolerated anti-

rheumatic medication that is widely used for systemic lupus ery-

thematosus (SLE), rheumatoid arthritis (RA), and other rheumatic

diseases, including during pregnancy.1–3 HCQ improves patient

survival4–6 and reduces disease-related complications.7–9 How-

ever, it carries a risk of irreversible vision loss due to HCQ retinop-

athy (HCQ-R).1 Earlier screening studies relying on visual field

tests and/or clinical examination (eg, bull’s-eye maculopathy) esti-

mated HCQ-R risk at 0.1% to 0.5% among patients receiving

long-term HCQ.10,11 With the introduction of advanced retinal

imaging, particularly macular spectral-domain optical coherence

tomography (SD-OCT) in 2006, reported HCQ-R frequency

increased, largely because SD-OCT detects early outer retinal

structural changes before typical visual field defects.12–14

In 2011, the American Academy of Ophthalmology

(AAO) recommended macular SD-OCT for chloroquine/HCQ-R

Supported by the Canadian Institutes for Health Research (CIHR) (grant
number: PJT-162133). Dr Daftarian is a recipient of a CIHR Doctoral Research
Award (number: 494089). Dr Avina-Zubieta is the BC Lupus Society Research
Scholar and the Walter and Marilyn Booth Research Scholar.

1University of British Columbia, Vancouver, British Columbia, Canada;
2Arthritis Research Canada, Vancouver, British Columbia, Canada; 3Simon
Fraser University, Burnaby, British Columbia, Canada.

Additional supplementary information cited in this article can be
found online in the Supporting Information section (https://acrjournals.
onlinelibrary.wiley.com/doi/10.1002/acr.80033).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.80033.

Address correspondence via email to J. Antonio Avina-Zubieta, MD, PhD at
azubieta@arthritisresearch.ca.

Submitted for publication October 22, 2025; accepted in revised form
February 20, 2026.

1532

Arthritis Care & Research
Vol. 78, No. 10, October 2026, pp 1532–1543
DOI 10.1002/acr.80033
© 2026 The Author(s). Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0001-5846-8739
https://orcid.org/0009-0008-1533-2039
https://orcid.org/0000-0003-3328-7135
https://orcid.org/0000-0001-5526-663X
https://doi.org/10.1002/acr.80033
https://doi.org/10.1002/acr.80033
https://onlinelibrary.wiley.com/doi/10.1002/acr.80033
https://onlinelibrary.wiley.com/doi/10.1002/acr.80033
mailto:azubieta@arthritisresearch.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.80033&domain=pdf&date_stamp=2026-04-02


screening and in 2016 updated its guidance to designate SD-OCT

and automated visual field (VF) as the primary screening tests.15 In

the updated AAO recommendation, SD-OCT is a primary screening

test, with wide-field fundus autofluorescence when available. VF and

multifocal electroretinogram (mf-ERG) are used as confirmatory tests

rather than primary screening modalities.16 Since the adoption of

SD-OCT–based screening recommendations, reported HCQ-R

prevalence has ranged from �1% to �15%.13,17–27 This variation

likely reflects differences in populations, study design, screening

practices, and follow-up. Because HCQ-R is uncommon and typi-

cally late-onset, robust estimates require large cohorts with long-

term follow-up; many studies are underpowered to provide precise

risks or risk-factor effect sizes. These evidence gapsmay limit patient

counseling and optimization of long-term HCQ monitoring.28

To address these gaps, we conducted a systematic review
and meta-analysis of observational studies to estimate pooled
prevalence and cumulative incidence of HCQ-R, focusing on
studies that usedmacular SD-OCT as an objective screening tool.
Additionally, we quantified pooled effect sizes for key HCQ-R risk
factors using data from eligible studies.

MATERIALS AND METHODS

This systematic review and the meta-analysis were performed
according to the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) guidelines29 (Supplementary Mate-
rial 1). We synthesized data from published reports and involved
no human participants or identifiable data; therefore, institutional
ethics approval was not required for our study. We have registered
our systematic review and meta-analysis on PROSPERO with the
registration number CRD42024532847, dated April 19, 2024.

Search strategies. With assistance from a biomedical
librarian, ND, and CY searched PubMed, Scopus, EMBASE
(Ovid), and the World Health Organization (WHO) Global Index
Medicus from inception to December 31, 2025. We used con-
trolled vocabulary (MeSH/Emtree) and free-text terms for hydro-
xychloroquine/Plaquenil, retinopathy/retinal toxicity, incidence/
prevalence/risk, rheumatic diseases (SLE/lupus, RA), and risk
factors. We also hand-searched reference lists of included full
texts and relevant textbooks for additional studies. Search strate-
gies are provided in Supplementary Material 2.

Study selection. We included studies that met the follow-
ing inclusion criteria: 1) adults on long-term (≥1 year) HCQ therapy
for a rheumatic disease; 2) use of macular SD-OCT (an objective
assessment) with or without another test, such as VF or mf-ERG
(functional test) for HCQ-R screening, or HCQ-R identified
through guideline-concordant screenings with clinician-confirmed
diagnoses documented from ophthalmology records during the
SD-OCT era (2006 onward, encompassing early adoption and
the 2011 AAO guideline); 3) studies that reported HCQ-R preva-
lence during their study period (period prevalence) or data to cal-
culate it; 4) studies that reported cumulative incidence of HCQ-R
since HCQ initiation or data to calculate it; 5) studies on purported
risk factors for HCQ-R, including daily dose, cumulative dose,
duration of use, sex, race/ethnicity, chronic kidney disease
(CKD), older age or tamoxifen use, which reported their effect
sizes as hazard ratio (HR) or odds ratio (OR) with 95% confidence
interval (CI) estimates or data to calculate them; and 6) full text in
English. Based on our inclusion criteria, cross-sectional studies,
surveys, case-series, and case-report study designs were not
included. We imposed no restrictions on participant demo-
graphics or other study characteristics beyond those prespeci-
fied. Two reviewers (ND, CY) independently screened titles/
abstracts and full texts, documented exclusion reasons, and
resolved disagreements by consensus; unresolved conflicts were
adjudicated by a third reviewer (JAAZ).

Data extraction. For studies meeting the eligibility criteria,
we extracted the following: 1) study characteristics (authors’
names, year of publication, country of study, cohort type [retro-
spective vs prospective], study setting [community vs clinic-
based], start and end date of study [study period], follow-up
length [if available], source of information [medical records vs reg-
istry vs audit vs health data]; 2) study sample (sample size, num-
ber of HCQ-R detected events [prevalent cases vs incident

SIGNIFICANCE & INNOVATIONS
• This is the first meta-analysis to estimate pooled

prevalence, cumulative incidence, and risk factors
of hydroxychloroquine retinopathy (HCQ-R) from
studies that used spectral-domain optical coher-
ence tomography for screening.

• The weighted pooled prevalence of HCQ-R was 5%
between 2008 and 2023, indicating the overall bur-
den among different screened populations and
reflecting both existing and newly detected cases.

• Pooled cumulative incidence was 0.1%, 2.6%, and
5.6% at 5, 10, and 15 years, respectively. These
results show that risk for HCQ-R rises over time,
which supports the need for continued screening
while on HCQ.

• Pooled prevalence of 5%mirrored the 15-year pooled
cumulative incidence of 5.6%, which is consistentwith
the mostly irreversible course of HCQ-R that cases
accumulate instead of recovering over time.

• Risk factors for HCQ-R include patients with an HCQ
dose >5 mg/kg/day of actual body weight (ABW),
who had a four-fold higher risk of HCQ-R compared
with those on ≤5 mg/kg/day (ABW). Additional risk
factors associated with an increased HCQ-R risk
include chronic kidney disease, female sex, and
Asian ethnicity.
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cases], distribution of age, sex, race/ethnicity, geographic region,
and type of rheumatic disease); 3) primary outcome (reported
HCQ-R prevalence, HCQ-R cumulative incidence at 5, 10,
15, and ≥20 years post-HCQ initiation), 4) risk factors for HCQ-R
and their effect size with point estimates of HR or OR with (95%
CI) or data to calculate them. Information on biologic sex and/or
gender were collected when available. Information on race or eth-
nicity as a purported risk factor for HCQ-R was categorized per
National Institute of Health terminology.30 ND and CY indepen-
dently extracted data; discrepancies were resolved by consensus
or, if needed, adjudicated by JAAZ.

Risk-of-bias (quality) assessment. Two authors (ND,
CY) independently applied the Newcastle–Ottawa Scale (NOS),
a 10-point tool for cohort and case-control studies. Discrepancies
were resolved by consensus. Each study was scored on eight
items (six scored 0/1; two scored 0/1/2). Scores of 7 to 10 indi-
cated low risk of bias (good), 4 to 6 intermediate risk (fair), and
under 4 high risk (poor) quality. For cohort studies, items
and scoring were the following: cohort representativeness/setting
(community vs clinic), exposure ascertainment/source (medical
records/registries vs self-report), confirmation that HCQ-R was
absent at baseline, selection of participants from the same under-
lying source population, comparability through confounding con-
trol (major and additional covariates), outcome ascertainment
during follow-up (expert confirmation/medical records/Interna-
tional Classification of Diseases codes), adequacy of follow-up
duration (>5 years), and completeness of follow-up (loss to
follow-up <20%). Full operational definitions and case-control–
specific NOS items are provided in Supplementary Material 3.

Statistical analysis. Period prevalence of HCQ-R was
defined as the proportion of detected HCQ-R cases during the
study period, calculated as the number of existing cases divided
by the total number of patients screened within that period.
Cumulative incidence of HCQ-R was the probability that patients
free of HCQ-R at baseline experience HCQ-R event by time “t”
after HCQ initiation, which was defined relative to the baseline
at-risk cohort and estimated as event probability accounting for
right censoring and, when applicable, competing risks.31,32

We used a random-effects model to estimate weighted
pooled period prevalence, weighted pooled cumulative inci-
dence, and weighted pooled effect sizes (OR or HR) of the asso-
ciation of risk factors with HCQ-R. Weighting was based on the
study sample size, and pooled estimations were reported as point
estimates with 95% CI. With only two studies, we used a
fixed-effects model because between-study variance is unreliable
to estimate for random-effects.33

Heterogeneity was assessed using the Q-test (P ≤ 0.05) and
the I2 statistic.34 To explore potential sources of heterogeneity, we
initially conducted subgroup analyses by stratifying on the key
methodologic study-level variables. These included study setting

(community vs clinic-based), cohort type (retrospective vs pro-
spective), study quality (high [≥7] vs low [<7]), publication year
(before vs after 2016), follow-up length (>5 years vs ≤5 years),
and geographic region (Europe and North America versus Asia).
Although subgroup analyses provided some insight into variation
across studies, they were limited in their ability to quantify and
adjust for overlapping or confounding effects between variables.
Therefore, we proceeded with univariate meta-regression
analysis to further assess the extent to which these methodologic
variables contributed to between-study heterogeneity in logit-
transformed prevalence or cumulative-incidence estimates. When
a methodologic variable demonstrated a significant but partial
effect in subgroup analysis, we used multivariable meta-
regression to adjust for the influence of a potential confounding
variable and better isolate its independent association.35

Additionally, we assessed whether study-level demo-
graphics and HCQ exposure variables explained heterogeneity
in logit-transformed prevalence estimates. We tested mean par-
ticipant age, mean HCQ exposure duration, mean cumulative
HCQ dose, and mean daily HCQ dose. Because of the limited
number of studies and to avoid overfitting and collinearity, we per-
formed univariate meta-regression.35,36

To evaluate the robustness of results, leave-one-out sensitiv-
ity analysis was performed by sequentially removing individual
studies and comparing the results with baseline. Our analyses
were conducted using Comprehensive Meta-Analysis Version
4 (Biostat, Englewood, NJ) software.

Publication bias. Publication bias was assessed using
funnel plots (SE on the y-axis and log effect on the x-axis). In the
absence of small-study effects, studies should be symmetrically
distributed around the pooled estimate, with larger studies clus-
tering near the top. Funnel plot asymmetry was further evaluated
using Egger’s regression test (p value).

Certainty of evidence for outcomes. We assessed the
certainty of evidence for each outcome using the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) approach. Certainty was rated separately for each of
the outcomes. Because all included studies were observational,
evidence started at low certainty and was rated down as appro-
priate for inconsistency (between-study heterogeneity), indirect-
ness (differences in population, setting, data source), imprecision
(width of CI), and publication bias (Egger’s test). Final certainty
was categorized as low or very low.

RESULTS

Search results. A total of 1,596 records were identified
through database searches (Scopus, PubMed, Ovid EMBASE,
WHO) and citation tracking. After removing 769 duplicates,
827 records were screened by title and abstract, of which
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753 were excluded by consensus for not meeting eligibility cri-
teria. The remaining 74 articles underwent full-text review. Of
these, 55 were excluded for an ineligible study design (ie, cross-
sectional, case-series, survey) (n = 9), lack of SD-OCT for screen-
ing throughout follow-up (n = 17), no reported outcome measures
or data to calculate (n = 20), ineligible population (nonrheumatic
diseases, <1-year exposure) (n = 6), or non-English full text
(n = 3). Nineteen studies met the inclusion criteria and were
included in the risk-of-bias assessment and data extraction
(Supplementary Figure 1 PRISMA flowchart).

Study characteristics. The main characteristics of the
19 studies included in the systematic review and meta-analysis
are shown in Table 1. The 19 included studies were conducted
across diverse geographic regions: 7 from Asia,17,19,21–23,26,37 6
from North America,13,25,38–41 5 from Europe,18,20,24,27,42 and 1
multinational.43 The majority were retrospective cohorts (14 stud-
ies),13,17,19,21–23,25,27,37,41 and almost all used electronic or
medical records as data sources. A total of 14 studies
were clinic-based,17–27,37,41,42 whereas 5 were community or

population-based,13,38–40,43 reflecting a mix of real-world practice
settings. From the community-based studies, only one reported
prevalence.13

Among the 12 studies reporting prevalence,13,17–27 female
participants comprised 90% of the population. Regarding rheu-
matic disease types, 59%, 27%, and 14% had SLE, RA, and
others, respectively. The mean duration of HCQ use among them
was 11.25 ± 3.35 years.

Among studies that reported cumulative incidence in at-risk
patients for HCQ-R,37,38,40,41,43 86% were female, 60% were
diagnosed with SLE, 24% were diagnosed with RA, and the
remaining 16% were diagnosed with other rheumatic diseases.
The average duration of HCQ exposure was 10 ± 4.33 years.

Weighted pooled estimations. Period prevalence. A
total of 12 studies reported the prevalence of HCQ-R, including
3 prospective cohort studies18,20,24 and 9 retrospective cohort
studies.13,17,19,21–23,25–27 The pooled sample consisted of 9,321
at-risk individuals, including 519 prevalent HCQ-R cases identi-
fied across seven countries. The weighted pooled period

Table 1. Characteristics of the 19 studies included in the systematic review and meta-analysis*

Author (country) Design, data/setting, period, FU
Sample (N/n),
female (%) Prev; (Y#) or CumI; (at Y*)

Quality
(ROB score)

Ahn 2024 (SKR)17 Retro cohort, EMR/clinic, 2008–2023, FU ≥5 y 2,635/92, 94.6 Prev 3.5%; (15.4 ± 6.8) Good (7)
Alieldin 2023 (UK)18 Pros cohort, audit/clinic, 2018–2020, FU <5 y 566/10, 86 Prev 1.76%; (9.0 ± 5.0) Good (7)
Almeida-Brasil 2022
(multi)43

Pros cohort (SLICC), RT- MR/community,
1999–2019, FU ≥5 y

1,460/11, 89 CumI <1%; (10) Good (8)

Dabit 2022 (US)38 Retro cohort, health data (REP)/community,
2010–2019, FU ≥5 y

634/11, 79 CumI 0% (5); 3.9% (10) Good (8)

Eo 2017 (SKR)19 Retro cohort, MR/clinic, 2011–2014, FU <5 y 310/9, 92.3 Prev 2.9%; (6.0 ± 3.36) Fair (6)
Gobbett 2021 (UK)20 Pros cohort, RT-MR/clinic, 2017–2019, FU <5 y 333/2, 85 Prev 0.6%; (N/A) Good (7)
Jorge 2024 (US)39 Retro cohort, health data (KPNC)/community,

2004–2020, FU ≥5 y
4,677/125, 82.9 N/A Good (9)

Kao 2022 (TW)21 Retro cohort, MR/clinic, 2017–2020, FU <5 y 92/10, N/A Prev 10.9%; (11.09 ± 2.44) Fair (6)
Kim 2017 (SKR)22 Retro cohort, MR/clinic, 2015–2016, FU <5 y 123/17, 96 Prev 13.8%; (10.03 ± 5.08) Fair (6)
Lee 2015 (SKR)23 Retro cohort, MR/clinic, 2011–2015, FU ≥5 y 218/9, 87.6 Prev 4.12%; (8.37 ± 3.8) Good (7)
Lenfant 2020 (FR)42 Retro CC, MR/clinic,a 2007–2010, FU N/A • Cases: 570/23, 96

• Controls: 547/
N/A, 92

N/A Good (8)

Marshall 2021 (UK)24 Pros cohort, audit/clinic, 2017–2019, FU <5 y 869/14, 91 Prev 1.6%; (11.25 ± 5.87) Good (7)
Melles 2014 (US)13 Retro cohort (CC analysis), health data

(KPNC)/community, 2009–2013, FU ≥5 y
2,361/177, 83.1 Prev 7.5%; (12.24 ± 5.04) Good (9)

Melles 2023 (US)40 Retrospective, health data (KPNC)/
Community, 2004–2020, FU ≥5 y

3,325/81, 82.7 CumI 0% (5), 2.5%
(10), 8.6% (15)

Good (9)

Mukwikwi 2020 (CA)25 Retro cohort (CC analysis), registry and
MR/clinic, 2016–2019, FU ≥5 y

326/18, 92 Prev 5.5%; (17.55 ± 1.62) Good (7)

Petri 2020 (US)41 Retro cohort, MR/clinic, 2013–2020, FU ≥5 y 537/23, 92 Interval riskb Good (8)
Roy 2021 (IN)26 Retro cohort, MR/clinic, 2017–2019, FU N/A 984/133, 85.8 Prev 13.5%; (N/A) Fair (6)
Spinelli 2018 (IT)27 Retro cohort, MR/clinic, 2008–2016, FU ≥5 y 504/28, 89.8 Prev 5.5%; (12.5 ± 6.4) Good (7)
Tangtavorn 2016 (TH)37 Retro cohort, MR/clinic, 2004–2014, FU ≥5 y 61/2, N/A CumI 3.28%; (10) Fair (6)

* Y# is mean ± SD of HCQ exposure duration in years; at Y* is years since HCQ initiation. CA, Canada; CC, case-control; ctrls, controls; CumI,
cumulative incidence; EMR, electronicmedical records; FR, France; FU, follow-up; HCQ, hydroxychloroquine; IN, India; IT, Italy; KPNC, Kaiser Per-
manente Northern California; MR,medical records;Multi, multinational; n, HCQ retinopathy cases; N, total at-risk; N/A, not available; Prev, prev-
alence; Pros cohort, prospective cohort; REP, Rochester Epidemiology Project; Retro cohort, retrospective cohort; ROB, risk-of-bias; RT-MR, real-
time MR; SKR, South Korea; SLICC, Systemic Lupus International Collaborating Clinics; TH, Thailand; TW, Taiwan; UK, United Kingdom; US,
United States; Y, year.
a Multicentral study, controls were taken from PLUS study: randomized, double-blind, placebo-controlled, multicentre trial;
b Data used to calculate cumulative incidence at to 5, 10, and 15 years post-HCQ initiation by conducting actuarial survival table method.32

Interval risk: 1% (≤5), 1.8% (6–10), 3.3% (11–15), 11.5% (16–20), 8% (>20).
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prevalence from 2008 to 2023 was 5.1% (95%CI 3.9–6.5), based
on a random-effects model (Figure 1). Given substantial heteroge-
neity (Q = 197.44, P < 0.0001; I2 = 94.4%), we explored potential
sources by stratifying studies according to methodologic study-
level variables (Figure 1).

Subgroup analysis showed that cohort type (prospective vs
retrospective) was the only methodologic variable that explained
part of the heterogeneity (P < 0.001). To assess confounding,
multivariable meta-regression showed that retrospective
cohorts reported higher prevalence than prospective cohorts
after adjusting for follow-up length (β = 1.72; 95% CI 1.04–
2.40; P < 0.001) or publication year (β = 1.69; 95% CI 0.52–
2.85; P = 0.0045).

Although higher-quality studies (≥7) showed a lower poo-
led prevalence than lower-quality (<7) studies, the between-
subgroup difference was not statistically significant and did not
explain heterogeneity. Likewise, stratification by follow-up length
(<5 vs ≥5 years), publication year (2016 and after vs before
2016), and geographic region (Europe/North America vs Asia)

did not materially reduce heterogeneity. Because only one study
was community-based, we did not stratify by setting.

Among demographic/HCQ variables, univariate meta-
regression indicated that only mean daily HCQ dose (β = 0.53;
95% CI 0.14–0.92; z = 2.67; P = 0.007; R2 = 0.57) significantly
explained between-study heterogeneity in prevalence. However, this
estimation should be interpreted cautiously because only six studies
reported dose metrics, precluding multivariable adjustment.

Cumulative incidence. Four cohort studies reported cumula-
tive incidence of HCQ-R at 5 years,38,40 and five reported it at
10 years after HCQ initiation37,38,40 or data to calculate it,41,43

with three of them additionally providing data at 15 years40,41,43

(Figure 2). Weighted pooled cumulative-incidence estimates were
calculated at each time point. The pooled sample comprised
6,017 long-term HCQ patients from 10 countries, among whom
128 HCQ-R cases were identified through screening.

Weighted pooled cumulative incidence of HCQ-R was 0.1%
(95% CI 0–0.5) at 5 years, 2.6% (95% CI 1.6–4.1) at 10 years,
and 5.6% (95% CI 3.2–9.6) at 15 years after HCQ initiation

Figure 1. Forest plot showing period-prevalence point estimates of HCQ retinopathy for individual studies (open circles; circle size proportional
to inverse-variance weight) and 95% CIs (lines) for individual studies, with the random-effects pooled prevalence (diamond) per 1,000 population
(horizontal bracket denotes the prediction interval). Because heterogeneity was substantial, results were stratified by methodologic variables,
including cohort type; prospective vs retrospective; quality score (≥7 vs <7; HQ vs LQ); Pub Y (2016 and later vs before 2016); FU duration
(≥5 years vs <5 years); and geographic region (Europe and N America vs Asia). CI, confidence interval; FU, follow-up; HCQ, hydroxychloroquine;
HQ, higher quality; LQ, lower quality; N America, North America; Pub Y, publication year.
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(Figure 2). Heterogeneity among studies within each five-year
interval was nonsignificant (Q-test = 6.47 for ≤5, 6.85 for 5 to
10, and 3.94 for 10 to 15 years, respectively; P > 0.05). However,
I2 values of 53.6%, 41.5%, and 49.2%, respectively, suggested a
moderate inconsistency among them.34

Cumulative incidence of HCQ-R grouped by daily dosage.

Using a random-effects model, the estimated weighted pooled
cumulative incidence of HCQ-R for daily dose at five years was
0% (95% CI 0–0.3) for doses ≤5 mg/kg actual body weight
(ABW) per day compared with 0.1% (95% CI 0–0.7) for doses
>5 mg/kg (ABW) per day. At 10 years, the weighted pooled
cumulative incidence was 1.1% (95% CI 0.6–2.0) vs 3.7% (95%
CI 1.9–7.2), and at 15 years it was 2.7% (95% CI 0.8–8.8) vs
13.8% (95% CI 6.2–28.1), respectively.40,43

Daily dose (HR). The weighted pooled HR point estimate for
HCQ daily dose >5 mg/kg (ABW) vs ≤5 mg/kg (ABW) was 4.32
using the random-effects model.38,39,43

Other covariates (HR). Pooled HRs for cumulative HCQ
dose, CKD, sex, and race/ethnicity are summarized in Table 2.
Data on older age at HCQ initiation were inconsistent across the
two available studies,39,43 preventing pooled HR estimation
(Table 3). Evidence on the risk of HCQ-R for concurrent use of
tamoxifen with HCQ was limited to a single study.39

Duration of HCQ use (OR). Two studies provided sufficient
data to estimate the association between HCQ duration of use

and HCQ-R prevalence. Using a random-effects model, the
pooled OR per five-year increase in HCQ use was 2.83 (95% CI
1.26–6.35) (Table 3).13,22

Other covariates (OR). Three studies provided information to
estimate the weighted pooled OR for the risk of HCQ-R associ-
ated with chronic kidney disease (CKD). Using a random-effects
model, the weighted pooled OR of HCQ-R was 1.87 (95% CI,

Figure 2. Forest plot of HCQ retinopathy cumulative incidence (per 1,000) at 5, 10, and 15 years after HCQ initiation. Open circles show study-
specific estimates with 95% CIs (horizontal lines); circle size is proportional to inverse-variance weight. Diamonds indicate random-effects pooled
estimates (5 years: 0.1%; 10 years: 2.6%; 15 years: 5.6%). Horizontal brackets denote prediction intervals. CI, confidence interval; HCQ, hydro-
xychloroquine. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80033/abstract.

Table 2. Weighted pooled estimation for risk factors of HCQ
retinopathy*

Risk factor
Weighted Pooled

HR (95% CI)
Studies

(references)

HCQ daily dose (>5
mg/kg#/day)
(reference: ≤5
mg/kg [ABW]/day)

4.32 (2.80–6.65) Dabit et al,38 Jorge
et al,39 Almeida-
Brasil et al43

Cumulative HCQ dose
(per 100-gr
increment)

1.63 (1.46–1.84) Dabit et al38 and
Jorge et al39

CKD (reference: no
CKD)

1.94 (1.27–2.96) Dabit et al38 and
Jorge et al39

Female sex (reference:
male)

3.78 (1.90–7.48) Dabit et al38 and
Jorge et al39

Race/ethnicity: Asian
(reference: White)

1.67 (1.07–2.62) Jorge et al39 and
Almeida-Brasil et
al43

* ABW, actual body weight; CI, confidence interval; CKD, chronic kid-
ney disease; HCQ, hydroxychloroquine; HR, hazard ratio.
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0.91–3.85) in those with CKD compared to those without
CKD.13,22,42 Descriptive statistics regarding risk factors for
HCQ-R from single studies are shown in Table 3.13,21,22,38,39,42,43

Sensitivity analysis. Leave-one-out sensitivity analyses
showed that pooled prevalence estimates remained stable when
omitting each study in turn (Supplementary Figure 2). Pooled
cumulative-incidence estimates were similarly robust across itera-
tions (Supplementary Figure 3).

Publication bias. Separate funnel plots were generated for
prevalence and cumulative incidence (Figure 3A–B). The preva-
lence funnel plot showed mild asymmetry with greater dispersion
among smaller studies, but Egger’s test was not significant
(P > 0.05). The cumulative-incidence funnel plot was largely sym-
metric, and Egger’s test was also nonsignificant (P > 0.05), sug-
gesting limited evidence of small-study effects or publication bias.

Risk-of-bias (quality) assessment. We assessed risk of bias
with the Newcastle–Ottawa Scale; summary scores are pre-
sented in Table 1, with item-level details in Supplementary
Material 3.

Certainty of evidence for outcomes. Certainty of evidence
(GRADE) was low for the 5- and 10-year cumulative-incidence
estimates and for the effects of dose and CKD. It was very low

for period prevalence, 15-year cumulative incidence, sex, and
ethnicity. Details are summarized in Supplementary Table 1.

DISCUSSION

This is the first meta-analysis to estimate the pooled preva-
lence, cumulative incidence, and risk factors of HCQ-R focusing
on studies that used SD-OCT as an objective screening tool to
diagnose HCQ-R. Across studies from 2008 to 2023, pooled
prevalence was 5.1%. Pooled cumulative incidence (overall dos-
ing) was 0.1% at 5 years, 2.6% at 10 years, and 5.6% at 15 years
after HCQ initiation. Risk was higher with daily dose >5 vs ≤5
mg/kg/day (ABW) (�4-fold), CKD (�2-fold), and per 100-g higher
cumulative dose (�1.6-fold), and was also higher in females
(�4-fold) and Asian versus White patients (�1.7-fold).

Our pooled prevalence of 5.1% (2008–2023) was similar in
magnitude to the pooled 15-year cumulative incidence
of �5.5%. This is broadly consistent with epidemiologic expecta-
tions for a chronic, nonfatal condition with long duration, in which
cases accumulate over time and prevalence can approach long-
term cumulative incidence.31 Prevalence varied widely across
studies (ie, 0.6% to 13.8%).20,22 Cohort type appeared to

Table 3. Summary of significant findings on HCQ retinopathy associated risk factors*

First author and year Study type Statistics
Risk factor(s) significantly associated with HCQ-R risk:

point estimates (95% CI)

Almeida-Brasil et al, 202243 Prospective inception cohort Unadjusted HR • Age at SLE diagnosis: 1.05 (1.01–1.09);
• Asian (reference: White): 0.94 (0.19–4.65)

Dabit et al, 202238 Retrospective cohort Unadjusted HR • Cumulative dose per 100 g: 1.48 (1.03–2.14)
• Daily dose >5 mg/kg (ABW) (vs ≤5 mg/kg): 3.59

(1.09–11.84)
Jorge et al, 202439 Retrospective cohort Adjusted HR • Older age (reference: <45 y):

� 45–54: 2.48 (95% CI 1.28–4.78)
� 55–64: 3.82 (95% CI 2.05–7.14)
� >65: 5.68 (95% CI 2.99–10.79)

• Daily dose 5–6mg/kg (ABW) (vs ≤5mg/kg): 3.23 (1.90–5.50)
• Daily dose >6 mg/kg (ABW) (vs ≤5 mg/kg): 5.30 (3.46– 8.10)
• Cumulative dose per 100 gr: 1.64 (1.44–1.87)
• Female sex: 3.83 (1.86–7.89)
• CKD: 1.95 (1.25–3.04)
• Tamoxifen use: 3.43 (1.08–10.89)
• Asian (reference: White): 1.76 (1.10–2.81)

Kao et al, 202221 Retrospective cohort Unadjusted OR • Body weight: 0.88 (0.78–0.97)
Kim et al, 201722 Retrospective cohort Adjusted OR • Duration of use (in 5-year increments): 4.71 (2.18–10.15)

• Daily dose (in 100-mg increment): 3.34 (1.03–10.80)
• CKD: 8.56 (1.15–64.00)

Lenfant et al, 202042 Case-control Adjusted OR • Duration of use (per year): 1.13 (1.07–1.18)
• Higher cumulative dose (per g): 1.001 (1.001–1.001)
• Creatinine clearance: 0.95 (0.93–0.97)
• Geographic origin: Sub-Saharan Africa (reference:

Europe): 3.2 (1.37–7.77)
Melles et al, 201413 Retrospective cohort

(case-control analysis)
Adjusted OR • Daily dose in 100-mg increments: 5.11 (3.83–6.83)

• Duration of use in 5-year increments: 2.03 (1.72–2.40)
• Tamoxifen use: 4.59 (2.05–10.27)
• CKD: 2.08 (1.44–3.01)
• Weight: 0.96 (0.95–0.97)

* ABW, actual body weight; CI, confidence interval; CKD, chronic kidney disease; g, gram; HCQ, hydroxychloroquine; HR, hazard ratio; kg, kilo-
gram; mg, milligram; OR, odds ratio; SLE, systemic lupus erythematosus.
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contribute to heterogeneity, with higher prevalence in retrospec-
tive studies, a difference that persisted after accounting for
follow-up length and publication year, suggesting design-related
ascertainment differences may partly explain variability. These dif-
ferences may partly reflect variation in case ascertainment and

data completeness across study designs.44 Definite HCQ-R
requires two abnormal tests (SD-OCT and visual field), whereas
probable HCQ-R is based on one abnormal test.15 Retrospective
cohorts may misclassify probable as definite because of limited
confirmatory testing and may undercount unaffected individuals

Figure 3. (A) Funnel plot of studies reporting HCQ-R period prevalence shows mild asymmetry to the left of the vertical line representing the logit
of the weighted pooled prevalence; studies toward the bottom have larger standard errors and smaller sample sizes (Egger’s regression test
P > 0.05). (B) Funnel plot for cumulative incidence is largely symmetrical (Egger’s regression test P > 0.05). HCQ-R, hydroxychloroquine
retinopathy.
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because of incomplete documentation. Additionally, unmeasured
differences in screening frequency and SD-OCT interpretation
thresholds for HCQ-R diagnosis across cohorts may also contrib-
ute to heterogeneity in the observed risk (prevalence or cumula-
tive incidence).45

Our pooled 10-year cumulative incidence estimate was simi-
lar to that reported in the large community-based cohort by
Melles et al.40 Differences at 15 years may partly reflect fewer
patients remaining at risk in later follow-up in the single cohort,
whereas our estimate is pooled across studies.

Similarly, pooled dose-stratified cumulative incidence was
consistent with large cohorts.13,40 Among patients receiving ≤5
mg/kg/day (ABW), HCQ-R was rare in the first five years and
remained low (1% at 10 years; 3% at 15 years), whereas >5
mg/kg/day was associated with around a four-fold higher risk
(4% at 10 years; 14% at 15 years). These findings highlight the
importance of accurate weight-based dosing, particularly in
underweight patients given fixed 200-mg tablets. Therefore,
weekly dose calculations with day-to-day tablet adjustments can
help maintain recommended limits. In the United States, 100-mg
HCQ tablets became available in 2022, allowing more precise
weight-based dosing.46

For cumulative incidence, Q-tests were nonsignificant, but I2

values around 50% indicate moderate inconsistency across time
points.34 Most contributing studies were retrospective
cohorts,37,38,40,41 and only one accounted for the competing risk
of death.38 The remaining study was a prospective multinational
Systemic Lupus International Collaborating Clinics (SLICC) incep-
tion cohort43 differing in design, population diversity, and poten-
tially data quality. These clinical and methodologic differences
likely contributed to the I2-based inconsistency despite nonsignif-
icant Q-tests.

Two community-based studies38,39 suggested a �1.6-fold
higher hazard of HCQ-R per 100-g increase in cumulative dose.
However, high daily dosing over shorter periods may still pose
substantial risk despite modest cumulative exposure; HCQ-R
has been reported in graft-versus-host disease patients receiving
very high mg/kg doses within months to a few years.47 This infor-
mation underscores considering daily dose and duration along-
side cumulative dose in risk assessment.

Pooled estimates suggest approximately two-fold higher
HCQ-R risk in patients with CKD,48,49 highlighting the importance
of monitoring renal function in those receiving HCQ. For patients
with diagnosed CKD, clinicians should consider adjusted
weight-based dosing and initiating screening earlier than five
years after HCQ start, with consistent annual screening thereafter.
This aligns with the AAO’s 2016 recommendations and the recent
2026 revised recommendations for higher-risk patients.15

Our pooled estimate suggested that female sex is associated
with a higher risk of HCQ-R (�4-fold). Because this evidence is
limited to two studies with unadjusted38 versus adjusted39 analy-
sis, we have to consider that this association may also reflect

residual confounding and ascertainment bias rather than intrinsic
susceptibility. Biologic sex differences in body size, composition,
and fat/lean mass proportions could bias exposure estimates.
Fixed tablet dosing can overexpose underweight patients when
weight is unmeasured (compromising mg/kg dosing), whereas
dosing based on actual body weight in overweight patients may
overestimate exposure.50 Other potential sex-related contributors
include differences in drug metabolism (hormone-influenced),51

ocular vascular/structural parameters,52–54 and differences in
medication adherence or screening uptake55; these mechanisms
remain plausible but unproven.

Regarding race/ethnicity, studies reported mixed associa-
tions for Asian versus White patients,39,43 whereas our pooled
estimate suggested higher risk in patients who were Asian and
receiving HCQ long-term. Differential ascertainment may contrib-
ute because Asian patients more often have pericentral HCQ-R
that is better detected with wide-field macular SD-OCT
(12×12 mm) or 24-2/30-2 VF testing; thus, guideline-concordant
screening may yield higher observed hazards, whereas underuse
may underestimate risk. Biologic differences (eg, retinal melanin
content, binding, or structural differences) remain plausible but
unproven.56

Tamoxifen, although not co-prescribed with HCQ, has been
associated with retinopathy (tamoxifen retinopathy), particularly
with higher doses and long-term use.57 Two large cohorts
reported higher HCQ-R risk with concurrent tamoxifen and
HCQ, supporting guideline recommendations to consider tamox-
ifen as a co-risk factor.13,39 However, whether tamoxifen or other
endocrine therapies (eg, aromatase inhibitors) modify HCQ retinal
toxicity remains unclear.58 Future studies should capture HCQ
and endocrine co-therapies, test effect modification across
HCQ exposure metrics, and use guideline-concordant multi-
modal outcome ascertainment.

Our study has several limitations. Given substantial hetero-
geneity in prevalence, we could not conduct multivariable meta-
regression for key study-level factors because too few studies
reported the necessary data. For example, mean daily HCQ dose
partly explained heterogeneity in univariate analysis, but dosing
data were available in only six studies. As a result, potential con-
founding among study variables could not be evaluated, and the
sources of heterogeneity could not be fully elucidated.

Also, this meta-analysis evaluated dose using the most com-
monly reported threshold (>5 vs ≤5 mg/kg/day) and therefore
could not examine a graded dose-response across finer
weight-based categories (eg, <4, 4–5, 5–6, ≥6 mg/kg/day) as
suggested in large cohort studies.13,40 We also could not
assess HCQ blood levels as a predictor because these data
were rarely reported. Given limited reporting of alternative dose
cut points and HCQ blood levels despite their importance as
potential predictors, future studies are needed to evaluate
graded dose-response relationships and HCQ blood levels in
relation to HCQ-R risk.
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Unmeasured heterogeneity, including variation in screening
coverage and HCQ adherence, could not be evaluated because
of limited reporting.59,60 For example, screening uptake among
those receiving long-term HCQ in England was reported to be
only 1.9% to 3.8%, which could underestimate risk.61 Reported
nonadherence to HCQ in SLE ranges widely (3%–75%) depend-
ing on assessment method, which may further bias estimates
toward under-ascertainment.62

In addition, evidence for age at HCQ initiation was limited or
inconsistent across studies, with lack of covariate adjustment in
most regression analyses. Methodologic heterogeneity further
complicates interpretation.

On the other hand, notable strengths of this study include the
large, pooled sample size across multiple studies, enhancing
the statistical power and generalizability of the findings. Further-
more, the absence of significant publication bias and the stability
of results in sensitivity analyses support the robustness of the
pooled estimates.

GRADE assessments were largely low to very low, reflecting
that the evidence was from observational studies. Certainty was
lowest for period prevalence and 15-year cumulative incidence
because of the heterogeneity and wide CI, respectively. Estimates
for female sex and race/ethnicity were very low because of sparse
data and wide CIs. Associations with 5- and 10-year cumulative
incidence, dose, and CKD were rated low certainty.

In summary, this systematic review and meta-analysis esti-
mated a pooled HCQ-R prevalence of 5.1%, which is comparable
with the 15-year pooled cumulative incidence (5.6%). Risk
increased over time (0.1% at 5 years, 2.6% at 10 years, 5.6% at
15 years) and was strongly dose-dependent: >5 mg/kg/day
(ABW) was associated with almost four-fold higher hazard and
15-year incidence of 14% versus 3% at ≤5 mg/kg/day. CKD
was a consistent risk factor, with higher risk also observed for
female sex and Asian ethnicity among those receiving HCQ
long-term. These findings provide a robust approximation of
long-term risk and underscore the importance of appropriate
dosing and adherence to established screening guidelines.
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High Health Care Utilization Preceding Diagnosis
With Juvenile Idiopathic Arthritis

Anna Costello, MD,MSHP,1,2 Rui Xiao, PhD,2 Xuemei Zhang, MS,2 Jahan Jazayeri, BS,1 Irit R. Rasooly, MD, MSCE,1,2

and Pamela F. Weiss, MD, MSCE1,2

Objective. Although early diagnosis improves long-term outcomes, patients with juvenile idiopathic arthritis (JIA)
often experience prolonged, circuitous paths to diagnosis. To inform diagnostic improvement, we sought to character-
ize health care utilization in the year preceding diagnosis.

Methods. We identified 10,021 patients with an incident diagnosis of JIA and 20,042 age- and sex-matched healthy
controls in the Merative MarketScan administrative datasets (2014–2022). Using negative binomial or hurdle models,
we calculated incidence rate ratios (IRRs) comparing outpatient, inpatient, and emergency department or urgent care
(ED/UC) utilization between patients with JIA and controls.

Results. In the year before diagnosis, patients with JIA had significantly increased health care utilization compared
to controls (IRR 2.55 [95% confidence interval (CI) 2.49–2.62], P < 0.001). Accounting for sex, age, and insurance, uti-
lization was increased across care settings: outpatient (IRR 2.56 [95% CI 2.49–2.62], P < 0.001), inpatient (IRR 2.00
[95% CI 1.48–2.71], P < 0.001), and ED/UC encounters (IRR 1.76 [95% CI 1.67–1.86], P < 0.001). The most common
visits by patients with JIA preceding diagnosis were to a general practitioner (91.8%), ED/UC (47.0%), and orthopedist
(22.9%). Health care utilization increased as the index date approached. In patients insured by Medicaid, ED/UC care
was more frequent (odds ratio 2.05 [95% CI 1.89–2.23]) and orthopedic care less frequent (odds ratio 0.27 [95% CI
0.24–0.34]) than in patients with commercial insurance.

Conclusion. In the year before diagnosis, children with JIA have significantly higher health care utilization com-
pared to healthy peers. There are differences in the patterns of utilization in patients with Medicaid versus commercial
insurance. There may be opportunities for earlier identification of JIA in primary care, orthopedics, and ED/UC.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) can cause destructive

joint damage, blindness from uveitis, and long-lasting pain

and disability.1 However, there is a growing therapeutic arsenal

for managing JIA, including numerous safe medications that

can halt disease progression.2 These medications are most

effective when started early in the disease course,3 and early

diagnosis and therapy have been shown to improve long-term

outcomes and increase the likelihood of preserved

remission.4–7 As such, timely recognition of the condition and

timely initiation of rheumatologic care are crucial to enabling

optimal outcomes for patients with JIA.

Despite this diagnostic imperative, in practice, it is common

to diagnose JIA in a patient who already has irreversible complica-

tions of longstanding disease, such as ocular scarring, leg length

discrepancy, erosive joint damage, micrognathia, and joint con-

tractures.8 Characterizing the health care utilization patterns that

precede diagnosis is a critical step in identifying opportunities for

earlier recognition in the diagnostic process and, ultimately,

designing interventions to improve timely diagnosis. The existing

literature is largely derived from international cohorts and utilizes

retrospective chart review or prospective single-center or multi-

center surveys to capture health care utilization patterns.9–16

These data are limited in their generalizability to US health care

and its ability to account for care delivered across health care
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systems and settings. Thus, our study aim was to describe and

quantify the health care utilization of children with JIA from the

United States in the year preceding diagnosis, compared to a

population of healthy controls, in a large, population-based

administrative dataset that includes patients with both commer-

cial insurance and Medicaid.

MATERIALS AND METHODS

Study design. Retrospective cohort study comparing the
health care utilization of children with an incident diagnosis of JIA
to age- and sex-matched health controls.

Ethics. This study was deemed exempt from review by the
Children’s Hospital of Philadelphia Institutional Review Board
(IRB 24-022056).

Data source. This study utilized deidentified data from the
Merative MarketScan commercial and Medicaid databases from
2014 to 2022.17 The Merative MarketScan databases contain
de-identified patient-level data, including diagnoses (International
Classification of Diseases, Ninth Revision and International Statis-
tical Classification of Diseases and Related Health Problems,
Tenth Revision codes), inpatient and outpatient encounters, and
pharmacy data (outpatient national drug codes, days’ supply,
strength, and route of administration). The commercial and Med-
icaid databases are distinct patient samples, with the commercial
database containing data for dependents covered by private
health insurance plans throughout the United States and the
Medicaid database presenting data for Medicaid enrollees from
select states. Certain variables differ in availability, with race and
ethnicity recorded only in the Medicaid dataset and geographic
region recorded only in the commercial dataset.

Participants.We identified patients ages 1 to 18 years with
an incident diagnosis of JIA. Patients diagnosed between 16 and

18 years old were included in the study per the provisional Pediat-
ric Rheumatology International Trials Organization criteria for
JIA.18 The diagnosis of JIA was defined according to previously
published algorithms19–22 with the one or more of the following
criteria:

1. Two or more JIA codes (Supplemental Tables 1 and 2)
separated by ≥14 days and within 183 days.

2. One or more JIA codes by any provider plus one or more
of the following:
a. Medication code for intra-articular glucocorticoids

injection only (Supplementary Table 3) in the 183 days
following the JIA code,

b. Intra-articular injection procedure code (Supplementary
Table 3) in the 183 days following the JIA code, and

c. Claim for a disease-modifying antirheumatic drug or
biologic in the 183 days following the JIA code
(Supplementary Table 4).

3. One or more codes indicating JIA by a rheumatologist.

To ensure cases represented incident diagnoses only,
patients were excluded if they had less than one year of continu-
ous enrollment before the index date or if they had a claim for a
JIA diagnostic code during that period. The index date for patients
was defined as the date of the first JIA code assignment. Age-
and sex-matched controls were identified at a 2:1 ratio within
each insurance type (commercial or Medicaid). Healthy controls
were excluded if (1) they did not have 12 months of continuous
enrollment before their inclusion or (2) they had a diagnosis any
of the complex chronic condition (CCCs) at cohort inclusion.23,24

The index date for healthy controls was defined as the date of an
outpatient visit occurring within two months of the index date of
the matched JIA patient.

Outcomes. The primary outcome was health care utilization
as count data, which was defined as any inpatient admission,
emergency department or urgent care (ED/UC) visit, or outpa-
tient claim for a billing visit with any physician or advanced
practice provider. Secondary outcomes included provider spe-
cialty type (generalist, orthopedist, rheumatologist, ophthal-
mologist, dermatologist, or other medical subspecialist) with
specific analysis of orthopedic and generalist utilization for out-
patient visits. Visits with a general practitioner were defined as
any visit with a provider code from a pediatrician, family medi-
cine provider, internal medicine provider, or general acute care
provider as well as codes from medical doctors, nurse practi-
tioners, and physicians’ assistants not elsewhere classified.
ED/UC visits were defined as visits with a provider code from
an emergency medicine provider or site code consistent with
a care delivery in an ED/UC. Orthopedic visits were defined as
any visit with a provider code from an orthopedist, a pediatric
orthopedist, or a sports medicine physician.

SIGNIFICANCE & INNOVATIONS
• Patients with juvenile idiopathic arthritis (JIA) have

high health care utilization for at least a year pre-
ceding diagnosis, suggesting missed opportunities
for an earlier diagnosis.

• Patients with JIA most often seek care from primary
care physicians, emergency departments or urgent
care centers, and orthopedic providers preceding
diagnosis.

• There are differential health care utilization pat-
terns between patients with Medicaid and those
with commercial insurance, with increased utiliza-
tion of emergency departments or urgent care cen-
ters and lower utilization of orthopedic care among
patients with Medicaid.

PREDIAGNOSIS HEALTH CARE USE IN JIA 1545



Covariates. Potential predictors for health care utilization
included sex (male or female), age (continuous), and insurance
type (commercial vs Medicaid). The geographic region was only
available for those in the commercial insurance dataset and is cat-
egorized based on the patient’s state of residence into the follow-
ing categories: Northeast, Midwest, South, and West. Race and
ethnicity (Black, Hispanic, White, other, or missing) were available
for patients in the Medicaid database. Because these variables
were not consistently available across groups, they were
excluded from the primary adjusted models (which included
patients from both the commercial and the Medicaid databases).
There was no missingness of any of the covariates included in
the primary adjusted models. All demographic factors were
defined at time of the index or diagnosis date.

Statistical analysis. All analyses were performed using R
Studio version 12.0 (Posit). Descriptive statistics were used to
summarize cohort characteristics and specialty utilization.
Medians and interquartile ranges (IQRs) were calculated for total
health care, outpatient, inpatient, and ED/UC visits, with limited
medians also computed for patients with one or more visits to
account for excess zeros.

Incidence rate ratios (IRRs) with 95% confidence intervals
(CIs) were calculated to compare health care utilization between
patients with JIA and healthy controls in the 12 months before
the index date. For outcomes without zero inflation, Poisson and
negative binomial (NB) models were considered, whereas for out-
comes with excess zeros, hurdle models and zero-inflated NB
models were considered.25 Models were compared with Akaike’s
information criterion, Bayesian information criterion, and Vuong
tests, and the best-fitting, most parsimonious approach was
selected. Ultimately, NB modeling was used for outcomes with-
out zero inflation including total health care, outpatient, and gen-
eralist utilization, whereas hurdle modeling was used for
outcomes with zero inflation including ED/UC, inpatient, and
orthopedic utilization. Two types of modeling were used because
outcomes with substantial zero inflation may reflect two distinct
processes: the likelihood of any utilization of that type and the
degree of utilization among those who access that type of care.
For these outcomes, modeling that does not account for zero
inflation would be challenging to interpret. Hurdle modeling is a
two-step process in which logistic regression is used to model
a binary outcome of utilization versus no utilization (the decision
to seek care), and, for those with some utilization, an NB regres-
sion is then performed to model visit counts among utilizers
(degree of utilization). Odds ratios (ORs) were reported for the
binary component, and IRRs for the count component in a hurdle
model.25 All models were adjusted for sex, age at diagnosis, and
insurance type. To better understand how utilization differed by
insurance type, we conducted a subgroup analysis including only
patients with JIA to compare the utilization between patients in
the commercial versus Medicaid databases.

Sensitivity analyses. To ensure utilization among patients
with JIA was not driven up by preexisting chronic conditions,
patients with any of the CCCs23,24 were excluded from the analy-
sis. The analyses were repeated using this adjusted cohort. Addi-
tionally, we examined the impact of race and ethnicity in the
Medicaid cohort and geographic region in the commercial cohort.
Finally, because multiple model types were used, IRR estimates
were compared across model specifications to assess robust-
ness. Because the study period included the COVID-19 pan-
demic, an additional analysis was performed replicating Figure 1
for patients diagnosed in the prepandemic period (2014–2019),
the pandemic period (2020–2021), and the postpandemic period
(2022) (Supplemental Figure 1).

RESULTS

Cohort characteristics. We identified 10,021 children
with an incident diagnosis of JIA and 20,042 age- and sex-
matched healthy controls. The cohort was 35.4% male with a
median age at index date of 13 years (IQR 8–15). A majority of
the population (59%) was commercially insured. Among patients
with JIA, 93.7% had no CCCs before JIA diagnosis (Table 1).

Overall health care utilization. Among the 10,021 chil-
dren with JIA, there were 134,650 total visits composed of
118,103 outpatient provider visits, 15,384 ED/UC visits, and
1,163 inpatient hospitalizations in the year before diagnosis.
Patients with JIA had a median of 10 total health care encounters
(IQR 6–18), whereas controls had a median of four visits (IQR 2–8)
(Table 2). Increased utilization was most pronounced in the out-
patient setting in which patients with JIA had a median of nine
visits (IQR 5–16) for patients with JIA compared with four visits
(IQR 2–7) for healthy controls. Only 376 patients with JIA (3.8%)
had no utilization preceding diagnosis, whereas 3,695 controls
(18.4%) had no utilization. In the year preceding the index date,
total health care utilization was significantly higher for patients with
JIA versus healthy controls (IRR 2.55 [95% CI 2.49–2.62],
P < 0.001), with increased utilization consistent across all settings
after accounting for sex, age, and insurance type: outpatient (IRR
2.56 [95% CI 2.49–2.62], P < 0.001), inpatient (IRR 2.00 [95% CI
1.48–2.71], P < 0.001), and ED/UC encounters (IRR 1.76 [95%
CI 1.67–1.86], P < 0.001) (Table 2). For zero-inflated data, ORs
of utilization versus no utilization were also calculated. Patients
with JIA had significantly higher odds of inpatient utilization
(OR 4.16 [95% CI 3.56–4.87]) and ED utilization (OR 2.36 [95%
CI 2.24–2.49]) than the healthy controls. There was no statistically
significant difference in total utilization among patients with JIA by
age, insurance type, or sex. Interaction terms between case sta-
tus and insurance status were added to the model to assess for
potential effect modification. However, they were not statistically
significant, and therefore, they were not included in the final parsi-
monious multivariable models.
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Figure 1. Time between visits and diagnosis/inclusion. This figure demonstrates the frequency of health care utilization in the outpatient,
inpatient, or emergency department settings as patients approach the date of diagnosis (day 0) for patients with JIA or inclusion in the
cohort for healthy controls. The visit frequencies are weighted to account for the number of patients versus controls. JIA, juvenile idiopathic
arthritis.

Table 1. Cohort demographics*

Patients with JIA (n = 10,021) Healthy controls (n = 20,042)

Demographics
Male, n (%) 3,552 (35.4) 7,104 (35.4)
Age at diagnosis, median (IQR) 13 (8–15) 13 (8–15)

Insurance type, n (%)
Commercial 5,914 (59.0) 11,828 (59.0)
Medicaid 4,107 (41.0) 8,214 (41.0)

Geographic region of residence,a n (%)
Northeast 1,070 (18.1) 1,213 (10.3)
North central 1,380 (23.3) 2,676 (22.6)
South 2,275 (38.5) 7,093 (59.9)
West 1,131 (19.1) 830 (7.0)
Missing or unknown 58 (1.0) 16 (0.1)

Race,b n (%)
Black 792 (19.3) 2,714 (33.0)
Hispanic 317 (7.7) 756 (9.2)
White 2,431 (59.2) 3,942 (48.0)
Other 159 (3.9) 431 (5.3)
Missing 408 (9.9) 379 (4.6)

Number of complex chronic conditions, n (%)
0 9,392 (93.7) 20,042 (100)
1 580 (5.8) 0 (0)
2+ 49 (0.4) 0 (0)

* International Classification of Diseases, Ninth Revision (696.0, 714.x, 720.0, 720.81, 720.89, and 720.9) and Interna-
tional Statistical Classification of Diseases and Related Health Problems, Tenth Revision (M05.00, M06.xx, M08.xx,
M45.x, M46.0x, M46.8x, M46.9x, and L40.5x) codes were used to determine cohort inclusion. IQR, interquartile
range; JIA, juvenile idiopathic arthritis.
a Region only available for patients with commercial insurance.
b Race is only available for patients with Medicaid insurance.
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Timing of utilization. Elevated levels of health care utiliza-
tion among patients with JIA were observed from 12 months
before JIA diagnosis, with an escalation in utilization starting
around three months before diagnosis (Figure 1). This figure was
replicated for the prepandemic, during-pandemic, and postpan-
demic period (Supplementary Figure 1), which demonstrated that
the utilization differences between patients with JIA and controls
persisted despite the pandemic. All types of health care utilization
became more frequent as the JIA diagnosis approached. Health
care utilization remained stable over time in the healthy control
population.

Utilization by insurance type in patients with JIA.
Although overall health care utilization did not differ between
patients with JIA with Medicaid versus commercial insurance
(IRR 1.03 [95% CI 0.99–1.07]), utilization patterns differed
(Table 3). Patients with Medicaid coverage utilized ED care more
frequently (OR 2.05 [95% CI 1.89–2.23]) and orthopedic care
much less frequently (OR 0.27 [95% CI 0.24–0.34]). Utilization of
outpatient providers was overall slightly lower (IRR 0.94 [95% CI
0.90–0.98]) in the population with Medicaid, but general practi-
tioner utilization was higher (IRR 1.31 [95% CI 1.26–1.36]).

Utilization by specialty. JIA outpatient encounters were
most frequent with generalists (84,507 visits; 71.6% of total outpa-
tient visits) and orthopedists (5,743; 4.9%) in the prediagnosis
period. Patients with JIA were also seenmore frequently than healthy
controls in the prediagnosis period by rheumatologists, ophthalmolo-
gists, dermatologists, and other medical subspecialists (Table 4).
In the year preceding diagnosis, 91.8% (n = 9,203), 47.0%
(n = 4,714), and 22.9% (n = 2,906) of children with JIA were seen
by a general practitioner, ED/UC, or orthopedist, respectively.

Sensitivity analyses. In a sensitivity analysis that removed
patients with CCCs from the JIA cohort (n = 629), JIA cases contin-
ued to have excess health care utilization across all settings in the year
preceding diagnosis when compared to controls. The OR and IRR of
inpatient utilization decreased from4.16 (95%CI 3.56–4.87) and 2.00
(95% CI 1.48–2.71) to 3.42 (95% CI 3.03–3.91) and 1.89 (95% CI
1.38–2.60), respectively, with the exclusion of patients with CCCs,
but this outcome remains statistically significant. In subgroup analy-
ses, inclusion of geographic region in models restricted to commer-
cially insured patients and inclusion of race in models restricted to
Medzicaid patients did not substantially alter the observed differences
in health care utilization between patients with JIA and controls.

DISCUSSION

This study quantifies and describes health care utilization in a
large, population-based cohort of US patients with an incident

Table 2. Health care utilization 12 months before index date*

JIA cohort (n = 10,021),
mediana (IQR) [range]

Healthy controls (n = 20,042),
mediana (IQR) [range]

Odds ratiob

(95% CI)
Incidence

rate ratioc (95% CI)

Total health care utilization 10 (6–18) [0–376] 4 (2–8) [0–365] – 2.55 (2.49–2.62)
Outpatient visits 9 (5–16) [0–376] 4 (2–7) [0–365] – 2.56 (2.49–2.63)
ED/urgent care visits 2 (1–4) [0–69] 2 (1–3) [0–26] 2.36 (2.24–2.49) 1.76 (1.67–1.86)
Inpatient hospitalizations 1 (1–2) [0–18] 1 (1–1) [0–8] 4.16 (3.68–4.70) 2.00

* Visit numbers presented as median, IQR, and total range. Negative binomial models were utilized for total and outpatient
health care utilization, and hurdle models were utilized for ED and inpatient utilization. CI, confidence interval; ED, emergency
department; IQR, interquartile range; JIA, juvenile idiopathic arthritis.
a Median and IQR calculated for only those patients with some health care utilization.
b Odds ratios calculated for utilization vs no utilization in zero-inflated outcomes.
c Incidence rate ratios were adjusted for age, sex, and insurance type.

Table 3. Health care utilization for patients with JIA with Medicaid
compared to those with commercial insurance*

Odds ratioa

(95% CI)
Adjusted incidence
rate ratiob (95% CI)

Total health care utilization – 1.03 (0.99–1.07)
Outpatient visits – 0.94 (0.90–0.98)
General practitioner visits – 1.31 (1.26–1.36)
Orthopedic visits 0.27 (0.24–0.34) 0.91 (0.78–1.06)
ED/urgent care visits 2.05 (1.89–2.23) 1.75 (1.62–1.88)
Inpatient hospitalizations 1.19 (1.03–1.38) 0.99 (0.731–1.36)

* Odds ratios and incidence rate ratios for health care utilization of
patients with Medicaid vs those with commercial insurance. Nega-
tive binomial models were utilized for total, outpatient, and general-
ist health care utilization, and hurdle models were utilized for ED,
inpatient, and orthopedic utilization. CI, confidence interval; ED,
emergency department; JIA, juvenile idiopathic arthritis.
a Odds ratios were calculated for utilization vs no utilization in zero-
inflated outcomes.
b Incidence rate ratios were adjusted for age and sex.

Table 4. Frequency of visit to provider types in the year preceding
diagnosis*

Provider type

Patient with JIA
(visits per

person-year)

Healthy control
(visits per

person-year)

General provider 8.4 3.52
Orthopedic provider 0.57 0.15
Rheumatology 0.31 <0.001
Ophthalmology 0.18 0.02
Dermatology 0.24 0.12
Other medical subspecialty 0.46 0.06

* Frequency of utilization by provider type in the year preceding diag-
nosis presented as visits per person-year. JIA, juvenile idiopathic
arthritis.
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diagnosis of JIA and demonstrates that patients with JIA consis-
tently utilize more health care in the year preceding diagnosis
when compared to healthy controls, across all health care set-
tings. Utilization among these patients is elevated from the time
of cohort inclusion and escalates closer to the time of diagnosis,
demonstrating that many patients are frequently seeking care for
their symptoms, for at least a year before JIA diagnosis. In this
cohort, patients sought care from generalists, orthopedists, and
ED/UC centers before diagnosis. Interestingly, patients insured
by Medicaid were more likely to seek emergency care, whereas
commercially insured patients were more likely to seek orthopedic
care. A better understanding of these trajectories of health care
utilization preceding JIA diagnosis is a critical first step to design-
ing interventions to improve time to diagnosis and targeted
treatment.

Several findings from this study are worth exploring further.
Surprisingly, patients with JIA in this cohort had more than a
two-fold higher level of health care utilization from time of cohort
inclusion. In designing the current study, the duration of one year
preceding diagnosis was selected based on prior data that sug-
gested a median time to diagnosis of three to four months for
patients with JIA.26,27 However, the utilization patterns in the
cohort demonstrated that patients have almost twice the utiliza-
tion of healthy controls a year before diagnosis, which suggests
that the diagnostic process may start earlier and take longer than
prior studies have suggested. Although a stepwise diagnostic
evaluation for a cause of joint pain may be expected to take
weeks to months, as reflected in the acute rise in health care utili-
zation of patients with JIA just before diagnosis, it is unlikely to
explain high health care utilization spanning a year. This utiliza-
tion suggests that there are multiple visits with health care pro-
fessionals at which an earlier JIA diagnosis may be possible or
that there are subtle early symptoms of JIA that are being
missed in the clinical setting. This is consistent with prior qualita-
tive studies of patients with JIA that have characterized the diag-
nostic journey as “turbulent,” requiring multiple interactions with
the health care system and significant parental persistence for a
diagnosis to ultimately be made.28,29 High health care utilization
before diagnosis has also been documented in other pediatric
rheumatic diseases including systemic lupus erythematosus30

and inflammatory bowel disease (IBD).31 In pediatric IBD, ele-
vated levels of health care utilization were noted for up to four
years before diagnosis, implying the existence of a preclinical
symptomatic period or of prolonged diagnostic delay.31 Studies
of time to diagnosis in adult inflammatory arthritis have yielded
results with diagnostic delays lasting up to a decade in some
patients.32,33 It is important to note that, although the diagnostic
intervals presented within for children with JIA are shorter than
those for equivalent adult conditions, active arthritis in childhood
comes with unique risks for acquired deformities during periods
of active growth, such as leg length discrepancy and negative
developmental effects.1

Although this study does not elucidate the reasons for diag-
nostic delay in JIA, many factors make JIA a diagnostically com-
plex condition, including its subtle and heterogenous clinical
presentation, the overlap of symptoms with more common pedi-
atric conditions, and the lack of a single, true diagnostic test. As
such, the initial clinicians interacting with these patients may be
poorly equipped to recognize it, and the development of screen-
ing tools and management guidance for these providers may be
necessary to accelerate appropriate referral. The workforce
shortage and geographic limitation of the pediatric rheumatology
workforce in the United States34,35 may contribute to diagnostic
delays and heightens the importance that nonrheumatologic pro-
viders can recognize and appropriately refer patients with inflam-
matory arthritis. In developing interventions to improve the
diagnostic process, it is important to understand the settings in
which patients are receiving care. In the presented cohort, utiliza-
tion was most frequent with general practitioners, orthopedists,
and ED/UC providers. The vast majority of patients with JIA
(91.8%) were seen by a general practitioner in the year preceding
diagnosis, nearly half (47.0%) were seen in an ED/UC, and 22.9%
were seen by orthopedists. These clinical settings may be the
highest yield targets for interventions to encourage early referral
for pediatric rheumatology assessment in appropriate patients.

Beyond general patterns of utilization, our analysis also high-
lights differential health care utilization between patients in the
commercial and Medicaid databases. There was increased utili-
zation of ED/UC centers and lower utilization of orthopedic care
among patients in the Medicaid-insured database. This is consis-
tent with data from studies across multiple disease processes
that demonstrate that Medicaid patients seek more care from
the ED and less from subspecialists.36–38 With MarketScan data,
we are unable to determine the etiology of these differential utiliza-
tion patterns between insurance types and whether other demo-
graphic factors, such as socioeconomic status, geographic
region, or race and ethnicity, are the drivers of the differences.
Although this differential utilization is likely multifactorial, the pat-
tern makes it clear that multiple, setting-specific interventions will
be needed to improve diagnosis equitably for children with all
insurance types.

The strengths of this study include the use of a national
administrative database, which has generated a large cohort
and enabled the capture of interactions across multiple health
care systems. Capturing data across health systems is particu-
larly important in studies related to diagnostic delay/error because
prior studies have demonstrated that patients are more likely to
seek care across systems when an error occurs or a diagnosis
is not received.39 This study also has several limitations. Although
utilizing both the commercial and Medicaid databases improves
the generalizability of the presented study, it is important to note
that geographic location is only available for patients with com-
mercial insurance and race and ethnicity data are only available
for those with Medicaid insurance, which limited the subgroup
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analyses that could be performed based on demographic factors.
However, a sensitivity analysis was performed to ensure that cor-
rection for these factors did not alter the point estimate or statisti-
cal significance of differences between cases and controls. As
with any administrative database study, misclassification is also
possible, and there is no validated method for identifying incident
cases of JIA. By leveraging previously published JIA identification
algorithms,19–22 we aimed to minimize any misclassification.

In summary, this study leveraged administrative data to char-
acterize the frequency, patterns, and types of health care utiliza-
tion before diagnosis of JIA, which is essential to identifying
system issues and practice patterns preceding JIA diagnosis.
This study demonstrated that patients with JIA utilize significantly
more health care in the year preceding diagnosis, particularly from
generalists, orthopedists, and emergency care providers, and
that this high utilization starts at least a year before diagnosis.
These utilization patterns indicate that the diagnostic journey for
patients with JIA may be more prolonged and nuanced than pre-
viously believed and that there may be opportunities for earlier
recognition of key symptoms and referral to rheumatology care.

ACKNOWLEDGMENTS

The authors wish to acknowledge the Childhood Arthritis and
Rheumatology Research Alliance (CARRA) and the ongoing Arthritis
Foundation financial support of CARRA. ChatGPT was used to check
the spelling and grammar of the abstract and methods of the article.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Costello confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Petty RE, Laxer RM, Lindsley CB, et al. Textbook of pediatric rheuma-
tology. 8th ed. Elsevier; 2020.

2. Shishov M, Weiss PF, Levy DM, et al; Pediatric Rheumatology Collab-
orative Study Group Advisory Council. 25 Years of biologics for the
treatment of pediatric rheumatic disease: advances in prognosis and
ongoing challenges. Arthritis Care Res (Hoboken) 2025;77(5):573–
583. doi:https://doi.org/10.1002/acr.25482

3. de Jonge JB, de Roock S, Schonenberg-Meinema D, et al; UCAN
CAN-DU and UCAN CURE consortia. Effect of time to start of biologic
therapy on treatment response in childhood arthritis: results from the
UCAN CAN-DU study. Arthritis Rheumatol 2026;78(3):743–751. doi:
https://doi.org/10.1002/art.43401

4. Ravichandran N, Guleria S, Mohindra N, et al. Predictors of long-term
functional outcomes of juvenile idiopathic arthritis-enthesitis-related

arthritis: a single centre experience. Rheumatology (Oxford) 2023;62(9):
3110–3116. doi:https://doi.org/10.1093/rheumatology/kead032

5. Wallace CA, Giannini EH, Spalding SJ, et al; Childhood Arthritis and
Rheumatology Research Alliance (CARRA). Clinically inactive disease
in a cohort of children with new-onset polyarticular juvenile idiopathic
arthritis treated with early aggressive therapy: time to achievement,
total duration, and predictors. J Rheumatol 2014;41(6):1163–1170.
doi:https://doi.org/10.3899/jrheum.131503

6. Wallace CA, Giannini EH, Spalding SJ, et al; Childhood Arthritis and
Rheumatology Research Alliance. Trial of early aggressive therapy in
polyarticular juvenile idiopathic arthritis. Arthritis Rheum 2012;64(6):
2012–2021. doi:https://doi.org/10.1002/art.34343

7. Minden K, Horneff G, Niewerth M, et al. Time of disease-modifying
antirheumatic drug start in juvenile idiopathic arthritis and the likeli-
hood of a drug-free remission in young adulthood. Arthritis Care Res
(Hoboken) 2019;71(4):471–481. doi:https://doi.org/10.1002/acr.
23709

8. Costello A, Muir C, Rui X, et al. Delayed diagnosis and accrual of joint
damage in incident cases of juvenile idiopathic arthritis [abstract].
Arthritis Rheumatol 2024; 76(suppl 9). https://acrabstracts.org/
abstract/delayed-diagnosis-and-accrual-of-joint-damage-in-incident-
cases-of-juvenile-idiopathic-arthritis/.

9. Shiff NJ, Tucker LB, Guzman J, et al. Factors associated with a longer
time to access pediatric rheumatologists in Canadian children with
juvenile idiopathic arthritis. J Rheumatol 2010;37(11):2415–2421.
doi:https://doi.org/10.3899/jrheum.100083

10. Barber CEH, Barnabe C, Benseler S, et al. Patient factors associated
with waiting time to pediatric rheumatologist consultation for patients
with juvenile idiopathic arthritis. Pediatr Rheumatol Online J 2020;
18(1):22. doi:https://doi.org/10.1186/s12969-020-0413-7

11. Boiu S, Marniga E, Bader-Meunier B, et al. Functional status in severe
juvenile idiopathic arthritis in the biologic treatment era: an assess-
ment in a French paediatric rheumatology referral centre. Rheumatol-
ogy (Oxford) 2012;51(7):1285–1292. doi:https://doi.org/10.1093/
rheumatology/kes004

12. Chausset A, Lambert C, Belot A, et al. Individual and environmental
determinants associated with longer times to access pediatric rheu-
matology centers for patients with juvenile idiopathic arthritis, a JIR
cohort study. Pediatr Rheumatol Online J 2023;21(1):24. doi:https://
doi.org/10.1186/s12969-023-00809-8

13. Marino A, Baldassarre P, Ferrigno C, et al. Pre-rheumatology referral
consultation and investigation pattern in children with joint complaints:
focus on juvenile idiopathic arthritis. Children (Basel) 2024;11(5):600.
doi:https://doi.org/10.3390/children11050600

14. Verstappen SMM, Cobb J, Foster HE, et al. The association between
low socioeconomic status with high physical limitations and low illness
self-perception in patients with juvenile idiopathic arthritis: results from
the Childhood Arthritis Prospective Study. Arthritis Care Res
(Hoboken) 2015;67(3):382–389. doi:https://doi.org/10.1002/acr.
22466

15. McErlane F, Foster HE, Carrasco R, et al. Trends in paediatric rheu-
matology referral times and disease activity indices over a ten-year
period among children and young people with juvenile idiopathic
arthritis: results from the childhood arthritis prospective study. Rheu-
matology (Oxford) 2016;55(7):1225–1234. doi:https://doi.org/10.
1093/rheumatology/kew021

16. Foster HE, Eltringham MS, Kay LJ, et al. Delay in access to appropri-
ate care for children presenting with musculoskeletal symptoms and
ultimately diagnosed with juvenile idiopathic arthritis. Arthritis Rheum
2007;57(6):921–927. doi:https://doi.org/10.1002/art.22882

17. Merative. MarketScan research databases for life sciences
researchers. Merative; 2023. Accessed October 10 2024.
https://www.merative.com/documents/marketscan-for-life-sciences-
researchers

COSTELLO ET AL1550

https://doi.org/10.1002/acr.25482
https://doi.org/10.1002/art.43401
https://doi.org/10.1093/rheumatology/kead032
https://doi.org/10.3899/jrheum.131503
https://doi.org/10.1002/art.34343
https://doi.org/10.1002/acr.23709
https://doi.org/10.1002/acr.23709
https://acrabstracts.org/abstract/delayed-diagnosis-and-accrual-of-joint-damage-in-incident-cases-of-juvenile-idiopathic-arthritis/
https://acrabstracts.org/abstract/delayed-diagnosis-and-accrual-of-joint-damage-in-incident-cases-of-juvenile-idiopathic-arthritis/
https://acrabstracts.org/abstract/delayed-diagnosis-and-accrual-of-joint-damage-in-incident-cases-of-juvenile-idiopathic-arthritis/
https://doi.org/10.3899/jrheum.100083
https://doi.org/10.1186/s12969-020-0413-7
https://doi.org/10.1093/rheumatology/kes004
https://doi.org/10.1093/rheumatology/kes004
https://doi.org/10.1186/s12969-023-00809-8
https://doi.org/10.1186/s12969-023-00809-8
https://doi.org/10.3390/children11050600
https://doi.org/10.1002/acr.22466
https://doi.org/10.1002/acr.22466
https://doi.org/10.1093/rheumatology/kew021
https://doi.org/10.1093/rheumatology/kew021
https://doi.org/10.1002/art.22882
https://www.merative.com/documents/marketscan-for-life-sciences-researchers
https://www.merative.com/documents/marketscan-for-life-sciences-researchers


18. Martini A, Ravelli A, Avcin T, et al; Pediatric Rheumatology Interna-
tional Trials Organization (PRINTO). Toward new classification criteria
for juvenile idiopathic arthritis: first steps, Pediatric Rheumatology
International Trials Organization international consensus.
J Rheumatol 2019;46(2):190–197. doi:https://doi.org/10.3899/
jrheum.180168

19. Buckley LH, Xiao R, Perman MJ, et al. Psoriasis associated with
tumor necrosis factor inhibitors in children with inflammatory dis-
eases. Arthritis Care Res (Hoboken) 2021;73(2):215–220. doi:
https://doi.org/10.1002/acr.24100

20. Beukelman T, Haynes K, Curtis JR, et al; Safety Assessment of Bio-
logical Therapeutics Collaboration. Rates of malignancy associated
with juvenile idiopathic arthritis and its treatment. Arthritis Rheum
2012;64(4):1263–1271. doi:https://doi.org/10.1002/art.34348

21. Bilgic Dagci AO, Chang JC, Xiao R, et al. Opioid use in children with
inflammatory bowel disease-related arthritis. Clin Exp Rheumatol 2023;
41(7):1553–1560. doi:https://doi.org/10.55563/clinexprheumatol/3bu1sf

22. Brandon TG, Manos CK, Xiao R, et al. Pediatric psoriatic arthritis: a
population-based cohort study of risk factors for onset and subsequent
risk of inflammatory comorbidities. J Psoriasis Psoriatic Arthritis 2018;
3(4):131–136. doi:https://doi.org/10.1177/2475530318799072

23. Feinstein JA, Hall M, Davidson A, et al. Pediatric complex chronic con-
dition system version 3. JAMA Netw Open 2024;7(7):e2420579. doi:
https://doi.org/10.1001/jamanetworkopen.2024.20579

24. Feudtner C, Feinstein JA, Zhong W, et al. Pediatric complex chronic
conditions classification system version 2: updated for ICD-10 and
complex medical technology dependence and transplantation. BMC
Pediatr 2014;14(1):199. doi:https://doi.org/10.1186/1471-2431-
14-199

25. Feng CX. A comparison of zero-inflated and hurdle models for model-
ing zero-inflated count data. J Stat Distrib Appl 2021;8(1):8. doi:
https://doi.org/10.1186/s40488-021-00121-4

26. Chausset A, Pereira B, Echaubard S, et al. Access to paediatric rheu-
matology care in juvenile idiopathic arthritis: what do we know? A sys-
tematic review. Rheumatology (Oxford) 2020;59(12):3633–3644. doi:
https://doi.org/10.1093/rheumatology/keaa438

27. Costello A, Rasooly I, Weiss P. Rheum for improvement? Delayed
diagnosis of juvenile idiopathic arthritis: a narrative review. Arthritis
Care Res (Hoboken) 2025;77(3):283–290. doi:https://doi.org/10.
1002/acr.25438

28. Rapley T, May C, Smith N, et al. ‘Snakes & ladders’: factors influenc-
ing access to appropriate care for children and young people with
suspected juvenile idiopathic arthritis - a qualitative study. Pediatr

Rheumatol Online J 2021;19(1):43. doi:https://doi.org/10.1186/
s12969-021-00531-3

29. Chausset A, Freychet C, Lohse A, et al. Diagnosis journey for children
with juvenile idiopathic arthritis: a qualitative study. Arch Dis Child.
2024;109(12):1003–1009. doi:https://doi.org/10.1136/archdischild-
2024-327426

30. Chang JC, Mandell DS, Knight AM. High health care utilization pre-
ceding diagnosis of systemic lupus erythematosus in youth. Arthritis
Care Res (Hoboken) 2018;70(9):1303–1311. doi:https://doi.org/10.
1002/acr.23485

31. Singh H, Nugent Z, Targownik LE, et al. Health care use by a
population-based cohort of children with inflammatory bowel disease.
Clin Gastroenterol Hepatol 2015;13(7):1302–1309.e3. doi:https://
doi.org/10.1016/j.cgh.2015.01.022

32. Ogdie A, Rozycki M, Arndt T, et al. Longitudinal analysis of the patient
pathways to diagnosis of psoriatic arthritis. Arthritis Res Ther 2021;
23(1):252. doi:https://doi.org/10.1186/s13075-021-02628-2

33. Hay CA, Packham J, Ryan S, et al. Diagnostic delay in axial spondylo-
arthritis: a systematic review. Clin Rheumatol 2022;41(7):1939–1950.
doi:https://doi.org/10.1007/s10067-022-06100-7

34. Correll CK, Ditmyer MM, Mehta J, et al. 2015 American College of
Rheumatology workforce study and demand projections of pediatric
rheumatology workforce, 2015–2030. Arthritis Care Res (Hoboken)
2022;74(3):340–348. doi:https://doi.org/10.1002/acr.24497

35. Correll CK, Klein-Gitelman MS, Henrickson M, et al. Child health
needs and the pediatric rheumatology workforce: 2020–2040. Pedi-
atrics 2024;153(suppl 2):e2023063678R. doi:https://doi.org/10.
1542/peds.2023-063678R

36. Kim H, McConnell KJ, Sun BC. Comparing emergency department
use among Medicaid and commercial patients using all-payer all-
claims data. Popul Health Manag 2017;20(4):271–277. doi:https://
doi.org/10.1089/pop.2016.0075

37. Hsiang WR, Lukasiewicz A, Gentry M, et al. Medicaid patients have
greater difficulty scheduling health care appointments compared with pri-
vate insurance patients: a meta-analysis. Inquiry 2019;56:
0046958019838118. doi:https://doi.org/10.1177/0046958019838118

38. Bisgaier J, Rhodes KV. Auditing access to specialty care for children
with public insurance. N Engl J Med 2011;364(24):2324–2333. doi:
https://doi.org/10.1056/NEJMsa1013285

39. Vaillancourt S, Guttmann A, Li Q, et al. Repeated emergency depart-
ment visits among children admitted with meningitis or septicemia: a
population-based study. Ann Emerg Med 2015;65(6):625–632.e3.
doi:https://doi.org/10.1016/j.annemergmed.2014.10.022

PREDIAGNOSIS HEALTH CARE USE IN JIA 1551

https://doi.org/10.3899/jrheum.180168
https://doi.org/10.3899/jrheum.180168
https://doi.org/10.1002/acr.24100
https://doi.org/10.1002/art.34348
https://doi.org/10.55563/clinexprheumatol/3bu1sf
https://doi.org/10.1177/2475530318799072
https://doi.org/10.1001/jamanetworkopen.2024.20579
https://doi.org/10.1186/1471-2431-14-199
https://doi.org/10.1186/1471-2431-14-199
https://doi.org/10.1186/s40488-021-00121-4
https://doi.org/10.1093/rheumatology/keaa438
https://doi.org/10.1002/acr.25438
https://doi.org/10.1002/acr.25438
https://doi.org/10.1186/s12969-021-00531-3
https://doi.org/10.1186/s12969-021-00531-3
https://doi.org/10.1136/archdischild-2024-327426
https://doi.org/10.1136/archdischild-2024-327426
https://doi.org/10.1002/acr.23485
https://doi.org/10.1002/acr.23485
https://doi.org/10.1016/j.cgh.2015.01.022
https://doi.org/10.1016/j.cgh.2015.01.022
https://doi.org/10.1186/s13075-021-02628-2
https://doi.org/10.1007/s10067-022-06100-7
https://doi.org/10.1002/acr.24497
https://doi.org/10.1542/peds.2023-063678R
https://doi.org/10.1542/peds.2023-063678R
https://doi.org/10.1089/pop.2016.0075
https://doi.org/10.1089/pop.2016.0075
https://doi.org/10.1177/0046958019838118
https://doi.org/10.1056/NEJMsa1013285
https://doi.org/10.1016/j.annemergmed.2014.10.022


Cumulative Social Disadvantage and Disease Activity
in Juvenile Idiopathic Arthritis: A Childhood Arthritis
and Rheumatology Research Alliance Registry Study

William Daniel Soulsby, MD,1 John Boscardin, PhD,1 Andrea Knight, MD, MSCE,2

Daniel B. Horton, MD, MSCE,3,4,5 Karine Toupin-April, PhD,6,7,8

and Emily von Scheven, MD, MAS,1 on behalf of the Childhood Arthritis and Rheumatology Research Alliance
(CARRA) Registry Investigators and for the CARRA Health Equity Work Group

Objective. Social determinants of health (SDOH) contribute to juvenile idiopathic arthritis (JIA) disparities, but most
studies have assessed SDOH independently rather than cumulatively across individual, family, and neighborhood
levels. Using a socioecological framework, we investigated the relationship among cumulative social disadvantage,
neighborhood disadvantage, and JIA disease activity.

Methods. We conducted a retrospective cohort study using the Childhood Arthritis and Rheumatology Research
Alliance (CARRA) Registry (2015–2022). Individual- and family-level SDOH were combined into a cumulative social dis-
advantage score (range: 0–3), with one point each for public or no insurance, family income less than $50,000 per year,
and guardian education of high school level or less. Neighborhood disadvantage wasmeasured using Area Deprivation
Index (quartiles). The primary outcome was active disease by clinical Juvenile Arthritis Disease Activity-10 (cJADAS-
10). Mixed effects models were generated to assess associations adjusted for demographic and clinical covariates,
and causal mediation analysis evaluated whether cumulative social disadvantage mediated the relationship between
neighborhood disadvantage and disease activity.

Results. Among 9,609 children with JIA with a median follow-up time of 2.1 (interquartile range 0.3–5.8) years,
39.1% had a cumulative social disadvantage score greater than 0 with higher scores correlating with greater neighbor-
hood disadvantage. In adjusted analysis, cumulative social disadvantage was associated with higher odds of active
disease (adjusted odds ratio 2.10, 95% confidence interval [CI] 1.73–2.53 for a score of 3 vs 0). A total of 87%
(95% CI 38–100) of the effect of neighborhood disadvantage was mediated through cumulative social disadvantage.

Conclusion. Cumulative social disadvantage is strongly associated with active JIA and mediates much of the effect of
neighborhood disadvantage. Interventions addressing multilevel SDOH will be essential to reducing JIA health disparities.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common rheu-
matic disease affecting children, with an estimated incidence
between 1.6 and 23 cases per 100,000 children per year glob-
ally.1 Poorly treated JIA can lead to permanent joint deformities
and predispose those with this condition to a lifetime of chronic

pain with a significant loss in function.2,3 Improvements in thera-
pies, including biologic disease modifying anti-rheumatic drugs
(bDMARD), have led to significant improvements in long-term out-
comes for children living with JIA.4

However, multiple health disparities have been demon-
strated in children with JIA, including higher disease activity
among individuals who are economically disadvantaged5–9 and

This study used data collected in the CARRA Registry. The views expressed
are the authors’ and do not necessarily represent the view of CARRA or the
National Institutes of Health (NIH).

Supported by the National Center for Advancing Translational Sciences,
NIH, through University of California, San Francisco (UCSF)-Clinical and Trans-
lational Science Institute grant UL1-TR-001872. Its contents are solely the
responsibility of the authors and do not necessarily represent the official
views of the NIH. Dr Soulsby’s work was supported by an Arthritis Foundation
Diversity, Equity, and Inclusion Research in Health Outcomes award and is
currently supported by a CARRA-Arthritis Foundation Career Development
Award and UCSF Society of Hellman Fellows award. Dr Knight’s work was

supported by a Canadian Research Chair in Mental Health and Chronic Dis-
ease of Childhood and a Lupus Research Alliance Career Development
Award. Dr Horton’s work was supported by funding from the National Insti-
tute of Arthritis and Musculoskeletal and Skin Diseases, NIH (R01-AR-
074436), Eunice Kennedy Shriver National Institute of Child Health and
Human Development (R01-HD-109335), National Center for Advancing Trans-
lational Sciences (UL1-TR-003017, UM1-TR-004789), CARRA, and the Arthritis
Foundation. Dr von Scheven’s work receives support from CARRA.

1University of California, San Francisco; 2The Hospital for Sick Children,
University of Toronto, Toronto, Ontario, Canada; 3Robert Wood JohnsonMed-
ical School at Rutgers University, New Brunswick, New Jersey; 4Institute for

1552

Arthritis Care & Research
Vol. 78, No. 10, October 2026, pp 1552–1563
DOI 10.1002/acr.80051
© 2026 The Author(s). Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0003-1873-3520
https://orcid.org/0000-0003-4278-9049
https://orcid.org/0000-0002-1831-1339
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.80051&domain=pdf&date_stamp=2026-04-30


delays in treatment among those who are publicly insured.10 In

most health disparities research in JIA, social determinants of

health (SDOH) are studied as independent risk factors. This has

yielded inconsistent relationships between SDOH and JIA out-

comes. However, SDOH more likely work together to influence

patient outcomes; therefore, the presence of multiple risk factors

associated with social disadvantage portends worse outcomes

as compared with a single risk factor.11,12 The socioecological

model is a framework that acknowledges multiple levels of social

influence, including individual, family, community, and societal

levels, which converge and interact to create and perpetuate

health disparities.13 An analytic approach that acknowledges this

multilevel complexity is needed to further elucidate causes of

health disparities in JIA that can inform intervention strategies.

We previously used such an approach to investigate cumulative

social disadvantage in childhood arthritis in a nationally represen-

tative data set (the National Survey of Children’s Health).14 In that

study, successive exposure to cumulative social disadvantage,

comprised of individual- and family-level SDOH, was associated

with higher odds of an arthritis diagnosis and higher disease activ-

ity. However, childhood arthritis diagnoses and disease severity in

this data set were guardian-reported, limiting conclusions with

respect to JIA specifically.
Therefore, we aimed to assess individual, family, and

community-level SDOH and their associations with disease activ-
ity among a cohort of patients with JIA in the Childhood Arthritis
and Rheumatology Research Alliance (CARRA) Registry. We

generated a cumulative social disadvantage score comprising
household (including individual- and family-level) SDOH and sepa-
rately analyzed Area Deprivation Index (ADI) at the community
level. We hypothesized that, among children with JIA, those with
higher exposure to cumulative social disadvantage and higher
neighborhood disadvantage (ADI) would have higher disease
activity across long-term follow-up. Informed by associations
demonstrated among the cumulative social disadvantage score,
neighborhood disadvantage, and disease activity, we subse-
quently performed causal mediation analysis to investigate neigh-
borhood disadvantage as a mediator of the effect of the
cumulative social disadvantage score on active disease.

METHODS

Study design and setting. We performed a retrospective
cohort study using data from the CARRA Registry, a prospective,
North American multicenter registry for children with rheumatic
diseases, including JIA.15 We queried the registry for all patients
with JIA and analyzed deidentified demographic and clinical data.
See Appendix A for the CARRA Registry Site Principal Investiga-
tors, Sub-Investigators, and Research Coordinator.

Analytic sample. The sample population includes all eligi-
ble children with JIA enrolled in the CARRA Registry between July
2015 and January 2022 who reside in the United States. Registry
eligibility requires a diagnosis of JIA by a pediatric rheumatologist
according to the International League of Associations for Rheuma-
tology (ILAR) classification criteria.16 Patients enrolled in the registry
represent a convenience sample of patients treated at registry sites.
Each patient in the CARRA Registry completes an enrollment visit
followed by follow-up visits every six months. Additional inclusion
criteria for our study included at least one visit with a complete clin-
ical Juvenile Arthritis Disease Activity-10 (cJADAS-10) score (see
section “Primary Outcome”). All available registry visits per partici-
pant were included for longitudinal analyses.

Primary exposures.Our aim was to study SDOH available
in the CARRA Registry that represented different social strata as
conceptualized by our socioecological model (Figure 1A). We
conceptualized individual- and family-level risk factors as operat-
ing on the same strata (eg, household) given that traditional
individual-level risk factors, such as insurance and income, are
informed by family-level factors in a pediatric population
(eg, parental income and insurance). One primary exposure

SIGNIFICANCE & INNOVATIONS
• This is the first study in juvenile idiopathic arthritis

(JIA) to evaluate social determinants of health
(SDOH) across multiple socioecological levels (ie,
individual, family, and community level) using a sin-
gle analytic framework.

• In a large US cohort of children with JIA, cumulative
social disadvantage (measuring income, insurance,
and education) was strongly associated with
active JIA.

• We identified that the effect of neighborhood-level
deprivation (as measured by Area Deprivation
Index) is largely mediated by more proximal
individual- and family-level SDOH.

• This work provides new evidence to guide the devel-
opment of multilevel interventions aimed at reduc-
ing health disparities in JIA.
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variable was the cumulative social disadvantage score (range 0–
3) that comprised available individual- and family-level SDOH in
the CARRA Registry, including insurance status (one point for
public or no insurance), income level (one point for self-reported
family income level of <$50,000 per year), and guardian educa-
tion (one point for high school level education or less). These
three SDOH were chosen because of their availability in the
registry and similarity to the parameters chosen in our previous
work.14 Adverse childhood experiences (ACEs) were omitted
from this iteration of the cumulative social disadvantage score
because they were not available in the registry. Our other pri-
mary exposure variable was ADI, a composite measure of
social and economic deprivation at the neighborhood (census
tract) level,17 to represent neighborhood disadvantage. ADI
was collected and grouped into quartiles to make comparisons
between groups. This community-level SDOH has already
been studied in previous pediatric18 and adult rheumatology19

populations. Societal-level factors, hypothesized to impact our
outcomes, could not be measured. These exposures were
assessed at the enrollment registry visit; therefore, changes in
SDOH over time were not able to be assessed.

Primary outcome. Our primary outcome was the pres-
ence of active disease by the cJADAS-10,20 a composite mea-
sure including Physician Global Assessment (PGA) (0–10),
Parent or Patient Global Assessment (0–10), and active joint
count (0–10). cJADAS-10 scores are collected at a per visit level
in the CARRA Registry with study visits occurring every six
months. Active disease by cJADAS-10 was defined as a score
greater than 1 for oligoarticular JIA and greater than 2.5 for all
other JIA subtypes.21 All available cJADAS-10 scores at

enrollment and follow-up visits were included in our analysis; visits
in which cJADAS components were missing were not included.

Secondary outcome. The presence of functional disability
at any point during follow-up was defined by a Child Health
Assessment Questionnaire (CHAQ)22 score greater than 0. All
available CHAQ scores at enrollment and follow-up visits were
included in our analysis.

Study covariates. Demographic covariates assessed
included age at enrollment into the registry, self-identified race
and/or ethnicity (White, Black, Hispanic, Asian, other race, miss-
ing, or more than one race), and sex (female or male). Disease-
related covariates included (1) JIA subtype (by ILAR criteria);
(2) time from symptom onset to JIA diagnosis; (3) time from diag-
nosis; (4) year of diagnosis; (5) the presence of any secondary
rheumatologic disease; (6) ever use of a conventional synthetic
DMARD (csDMARD), bDMARD (biologic DMARD), or JAK inhibi-
tors at enrollment or across follow-up; (7) any previous glucocorti-
coid use at enrollment or across follow-up; and (8) current
glucocorticoid use.

Statistical analysis. Summary statistics were calculated,
including median and interquartile range (IQR), to describe the
demographic, disease-related, and SDOH variables of the cohort.
Comparisons of these variables by the cumulative social disad-
vantage score were tested by chi-squared testing or Kruskal-
Wallis testing, as appropriate. Univariable and multivariable
(adjusting for all covariates—see section “Study Covariates”)
mixed effects logistic regression models were generated to esti-
mate the association of cumulative social disadvantage and
neighborhood disadvantage with active disease as a binary

Figure 1. (Left) The socioecological model for SDOH applied to this study. Individual/family-level factors (income, insurance, education) were
combined into a cumulative social disadvantage score; community-level factors were measured by the ADI, a composite measure of
neighborhood-level deprivation encompassing domains including housing, education, employment, and income and geocoded to the census-
tract level. Societal-level factors were not measured in this study. (Right) A DAG demonstrating proposed relationships between community-level
SDOH (ADI) and individual/family-level SDOH (cumulative social disadvantage) and active JIA (cJADAS-10). The dashed line references the pro-
posed mediating relationship under study. ADI, Area Deprivation Index; cJADAS-10, Clinical Juvenile Arthritis Disease Activity Score 10; DAG,
directed acyclic graph; JIA, juvenile idiopathic arthritis; SDOH, social determinants of health. Color figure can be viewed in the online issue, which
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.80051/abstract.
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outcome across registry follow-up. Univariable models included
fixed effects for the categorical cumulative social disadvantage
score and a random effect for participant to account for intrasub-
ject correlation across longitudinal measurements. Multivariable
models additionally included fixed effects for all covariates, as
specified previously (see section “Study Covariates”). All models
were estimated with robust clustered SEs at the individual level
to guard against model misspecification.23 Similar models were
generated to estimate the association of cumulative social disad-
vantage and neighborhood disadvantage with the presence of
functional disability across registry follow-up. Because of signifi-
cant missingness of individual components of the cumulative
social disadvantage score (income 24.6%; guardian education:
15.7%; insurance: 0.2%) and ADI (17.2%), chained equation mul-
tiple imputation24 was used (N = 50 cycles) with the cumulative
social disadvantage score and all multivariable model covariates
in the data set used to inform our imputation. Final models used
imputed data. We tested for interaction between the cumulative
social disadvantage score and race and between the
cumulative social disadvantage score and neighborhood disad-
vantage and found no significant interactions; therefore no inter-
action terms were included in the final models. All analyses were
conducted in STATA version 18.25 The University of California,
San Francisco’s institutional review board determined our study
to be exempt from review (#22-36233).

Sensitivity analysis. As a sensitivity analysis, we gener-
ated similar univariable and multivariable mixed effects models
estimating the association between cumulative social disadvan-
tage and neighborhood disadvantage on active disease at differ-
ent cJADAS-10 thresholds, including moderate disease activity
or higher (oligoarticular JIA with cJADAS >4 and in all other JIA
categories >5) and severe disease activity (oligoarticular JIA with
cJADAS >12 and in all other JIA categories >16).21

Causal mediation analysis. Based on our theoretical
framework of the relationships among cumulative social disad-
vantage, neighborhood disadvantage (ADI), and disease activity
(Figure 1B), we performed a causal mediation analysis to investi-
gate if there was a significant mediating relationship between the
cumulative social disadvantage score (individual- and family-level
SDOH) and neighborhood disadvantage (community-level SDOH)
on disease activity. Therefore, we tested whether the cumulative
social disadvantage score was a mediator of the effect of neigh-
borhood disadvantage on disease activity. The average causal
mediation effects, along with the total effects and the proportion
of the effect via the proposed mediator, were estimated using lin-
ear probability models26 with robust clustered SEs at the subject
level. This causal mediation analysis adjusted for other demo-
graphic and disease-related covariates in our models. To under-
stand if specific components of the cumulative social
disadvantage score (eg, low income, underinsured status, or
guardian education level) were individual mediators of the

relationship between neighborhood disadvantage and disease
activity, analogous causal mediation analyses were performed
that substituted these components as the proposed mediator
and adjusted for the other components.

RESULTS

Demographic and clinical characteristics of the
cohort. In total, 9,609 participants meeting inclusion criteria were
identified (Table 1) among 10,225 who were eligible in the registry.
Most of the cohort had a cumulative social disadvantage score of
0 (60.9%) with lower proportions for a score of 1, 2, and 3 (21.3%,
12.9%, and 4.9%, respectively). The median time from diagnosis
was 2.1 years (IQR 0.3–5.8 years). The most common subtypes
of arthritis represented were oligoarticular JIA (35.6%) closely fol-
lowed by rheumatoid factor (RF) negative polyarticular JIA
(29.5%). bDMARD and csDMARD use were common across the
cohort (68.6% and 77.9%, respectively). Glucocorticoid use was
uncommon overall but increased in frequency both at enrollment
and at any point across follow-up among those reporting the
highest cumulative social disadvantage score (use at enrollment
13.0% and at any time across follow-up 42.6% for a score of 3).
Of the parameters of the cumulative social disadvantage score,
having public or no insurance was the most common, with
26.3% of the cohort reporting, followed by low income (19.1%)
and low guardian education (16.4%). Yearly household income
had a high degree of missingness (24.6%) as did guardian educa-
tion (15.7%), with little missingness in insurance status (0.2%).
Those who had a higher cumulative social disadvantage score
were more likely to live in an area of higher neighborhood disad-
vantage (51.6% of those with a score of 3 lived in the highest
ADI quartile, as compared with only 11.7% of those with a score
of 0). Participants identifying as Black or Hispanic were more likely
to have higher cumulative social disadvantage scores (11.9%
Black with a score of 3 vs 1.8% with a score of 0; 21.3% Hispanic
with a score of 3 vs 3.4% with a score of 0).

Disease activity by cJADAS-10. The median cJADAS-10
score at enrollment was 4.0 (IQR 1.0–9.0), with 62% having active
cJADAS-10 score at enrollment (Table 1). In unadjusted analyses
of the effects of individual- and family-level SDOH, there was a suc-
cessive increase in the odds of active disease across the registry
follow-up (highest for a cumulative social disadvantage score of 3:
odds ratio [OR] 2.15, 95% confidence interval [CI] 1.73–2.68)
(Table 2). After adjustment for all covariates, the relationship among
cumulative social disadvantage and disease activity remained
strong (highest for a cumulative social disadvantage score of 3:
adjusted odds ratio [aOR] 2.17, 95% CI 1.77–2.65). After adjust-
ment for all covariates and neighborhood disadvantage, these
associations were minimally changed (highest for a cumulative
social disadvantage score of 3: aOR 2.10, 95% CI 1.73–2.53). In
unadjusted analyses of the effects of community-level SDOH, there
was a successive increase in the odds of active disease across
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Table 1. Demographic and clinical characteristics of pediatric patients with JIA in the CARRA Registry (2015–2022)*

Demographic and
clinical characteristics

Cumulative Social Disadvantage Scorea

0 1 2 3 Total Testb

Patients, N (%) 5,849 (60.9) 2,048 (21.3) 1,243 (12.9) 469 (4.9) 9,609 (100.0)
Median age at enrollment
(IQR), y

11.7 (7.3–15.1) 12.0 (7.6–15.4) 11.6 (7.2–15.1) 10.5 (6.1–14.2) 11.7 (7.3–15.1) <0.001

Female, n (%) 4,117 (70.4) 1,433 (70.0) 850 (68.4) 317 (67.6) 6,717 (69.9) 0.360
Male, n (%) 1,732 (29.6) 615 (30.0) 393 (31.6) 152 (32.4) 2,892 (30.1)
Race and/or ethnicity, n (%)
White 4,783 (81.8) 1,442 (70.4) 726 (58.4) 246 (52.5) 7,197 (74.9) <0.001
Hispanic 199 (3.4) 212 (10.4) 223 (17.9) 100 (21.3) 734 (7.6)
Multiracial 340 (5.8) 138 (6.7) 108 (8.7) 39 (8.3) 625 (6.5)
Black 108 (1.8) 105 (5.1) 109 (8.8) 56 (11.9) 378 (3.9)
Asian 183 (3.1) 45 (2.2) 21 (1.7) 6 (1.3) 255 (2.7)
Other 114 (1.9) 52 (2.5) 45 (3.6) 22 (4.7) 233 (2.4)
Refuse/missing 122 (2.1) 54 (2.6) 11 (0.9) 0 (0.0) 187 (1.9)

National ADIc quartiles, n (%)
Q1 (lowest) 1,701 (29.1) 269 (13.1) 102 (8.2) 23 (4.9) 2,095 (21.8) <0.001
Q2 1,334 (22.8) 411 (20.1) 183 (14.7) 61 (13.0) 1,989 (20.7)
Q3 1,027 (17.6) 489 (23.9) 313 (25.2) 91 (19.4) 1,920 (20.0)
Q4 (highest) 687 (11.7) 546 (26.7) 481 (38.7) 242 (51.6) 1,956 (20.4)
Missing 1,100 (18.8) 333 (16.3) 164 (13.2) 52 (11.1) 1,649 (17.2)

Median national ADI score
(IQR)

29.0 (15.0–47.0) 46.0 (27.0–67.0) 57.0 (36.0–77.0) 66.0 (41.0–84.0) 37.0 (20.0–60.0) <0.001

Family income level, n (%)
<$25,000 0 (0.0) 110 (5.4) 370 (29.8) 243 (51.8) 723 (7.5) <0.001
$25,000–49,999 0 (0.0) 354 (17.3) 531 (42.7) 226 (48.2) 1,111 (11.6)
$50,000–74,999 676 (11.6) 405 (19.8) 85 (6.8) 0 (0.0) 1,166 (12.1)
$75,000–99,999 790 (13.5) 238 (11.6) 33 (2.7) 0 (0.0) 1,061 (11.1)
$100,000–150,000 1,417 (24.3) 241 (11.8) 17 (1.4) 0 (0.0) 1,675 (17.4)
Above $150,000 1,378 (23.6) 113 (5.5) 5 (0.4) 0 (0.0) 1,496 (15.6)
Prefer not to answer 789 (13.5) 305 (14.9) 99 (8.0) 0 (0.0) 1,193 (12.4)
Unknown 792 (13.6) 280 (13.7) 103 (8.3) 0 (0.0) 1,175 (12.2)

Insurance status, n (%)
Private 5,056 (86.4) 900 (43.9) 191 (15.4) 20 (4.3) 6,167 (64.2) <0.001
Public 0 (0.0) 859 (41.9) 952 (76.6) 437 (93.2) 2,248 (23.4)
Other insurance 792 (13.5) 212 (10.4) 62 (5.0) 0 (0.0) 1,066 (11.1)
Uninsured 0 (0.0) 64 (3.1) 35 (2.8) 12 (2.6) 111 (1.2)
Missing/unknown 1 (0.0) 13 (0.6) 3 (0.2) 0 (0.0) 17 (0.2)

Guardian education
level, n (%)

Elementary/middle school
(grade 1 − 8)

0 (0.0) 41 (2.1) 47 (4.0) 42 (9.0) 130 (1.4) <0.001

Some high school (grade
9–11)

0 (0.0) 40 (2.0) 72 (6.1) 65 (13.9) 177 (1.9)

Graduated high school
(grade 12 or GED)

0 (0.0) 489 (25.0) 420 (35.9) 362 (77.2) 1,271 (13.9)

College (1–4 y college,
junior college or
technical school)

2,657 (48.0) 848 (43.3) 438 (37.4) 0 (0.0) 3,943 (43.2)

Graduate school (eg,
Masters, Doctorate, or
professional degree)

1,889 (34.1) 234 (12.0) 51 (4.4) 0 (0.0) 2,174 (23.8)

Prefer not to answer 986 (17.8) 305 (15.6) 143 (12.2) 0 (0.0) 1,434 (15.7)
Components of the

Cumulative Social
Disadvantage
Score, n (%)

Income <$50,000/year 0 (0.0) 464 (22.7) 901 (72.5) 469 (100.0) 1,834 (19.1) <0.001
Guardian education ≤ high
school

0 (0.0) 570 (27.8) 539 (43.4) 469 (100.0) 1,578 (16.4) <0.001

Public or no insurance 0 (0.0) 1,014 (49.5) 1,046 (84.2) 469 (100.0) 2,529 (26.3) <0.001
2015 (2012–2018) 2016 (2012–2018) 2016 (2012–2018) 2016 (2013–2018) 2015 (2012–2018) 0.003

(Continued)
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registry follow-up with successive increases in neighborhood dis-
advantage that corresponded to increased neighborhood-level
disadvantage (OR for ADI quartile 4: 1.45, 95%CI 1.18–1.77). After
adjustment for all covariates, these associations were minimally
changed (aOR for ADI quartile 4: 1.41, 95% CI 1.16–1.71). After
adjustment for all covariates and the cumulative social disadvan-
tage score, there was no longer a statistically significant relationship
between neighborhood disadvantage and active disease (aOR for
ADI quartile 4: 1.11, 95% CI 0.92–1.35).

To understand if specific components of the cumulative
social disadvantage score were more strongly associated with
persistent disease activity across registry follow-up, we generated
univariable and multivariable models in which score components
were individually assessed. In these multivariable models, low
insurance (aOR 1.53, 95% CI 1.35–1.75), low guardian education
(aOR 1.35, 95% CI 1.22–1.49), and low income (aOR 1.69, 95%
CI 1.51–1.88) were associated with persistent disease activity
(Table 3). Neighborhood disadvantage remained statistically

Table 1. (Cont’d)

Demographic and
clinical characteristics

Cumulative Social Disadvantage Scorea

0 1 2 3 Total Testb

Median year of

diagnosis (IQR)

Median days from
symptom onset to
diagnosis (IQR)

137.0 (62.0–312.0) 150.0 (63.0–342.5) 157.0 (66.0–371.0) 132.0 (61.0–330.0) 143.0 (63.0–328.0) 0.526

Median years from
diagnosis (IQR)

2.1 (0.3–5.9) 2.1 (0.3–5.9) 1.8 (0.2–5.4) 1.7 (0.2–5.1) 2.1 (0.3–5.8) 0.043

JIA subtype, n (%)
Enthesitis related arthritis 661 (11.3) 209 (10.2) 111 (8.9) 30 (6.4) 1,011 (10.5) <0.001
Oligoarthritis 2,214 (37.9) 692 (33.8) 362 (29.1) 148 (31.6) 3,416 (35.6)
Polyarthritis (RF+) 302 (5.2) 144 (7.0) 115 (9.3) 49 (10.4) 610 (6.3)
Polyarthritis (RF−) 1,679 (28.7) 587 (28.7) 404 (32.5) 160 (34.1) 2,830 (29.5)
Psoriatic arthritis 441 (7.5) 161 (7.9) 84 (6.8) 17 (3.6) 703 (7.3)
Systemic arthritis 386 (6.6) 179 (8.7) 123 (9.9) 57 (12.2) 745 (7.8)
Undifferentiated arthritis 166 (2.8) 76 (3.7) 44 (3.5) 8 (1.7) 294 (3.1)
Any secondary rheumatic
disease

5,611 (95.9) 1957 (95.6) 1,191 (95.8) 448 (95.5) 9,207 (95.8) 0.888

Medication use, n (%)
Any bDMARD use 3,895 (66.6) 1,448 (70.7) 902 (72.6) 349 (74.4) 6,594 (68.6) <0.001
Any csDMARD use 4,517 (77.2) 1,585 (77.4) 1,007 (81.0) 381 (81.2) 7,490 (77.9) 0.008
Any JAK inhibitor use 250 (4.3) 83 (4.1) 37 (3.0) 20 (4.3) 390 (4.1) 0.214
Glucocorticoid use at
enrollment visit

435 (7.4) 181 (8.8) 141 (11.3) 61 (13.0) 818 (8.5) <0.001

Any glucocorticoid use
during follow-up

1,874 (32.0) 712 (34.8) 482 (38.8) 200 (42.6) 3,268 (34.0) <0.001

Components of the
cJADAS-10

Median Physician Global
Assessment (IQR)

1.0 (0.0–3.0) 1.0 (0.0–3.0) 2.0 (0.0–4.0) 1.5 (0.0–3.5) 1.0 (0.0–3.0) <0.001

Median Patient/Parent
Global Assessment (IQR)

1.0 (0.0–3.0) 1.0 (0.0–4.0) 2.0 (0.0–5.0) 2.0 (0.0–5.0) 1.0 (0.0–4.0) <0.001

Active joint count (IQR) 0.0 (0.0–2.0) 0.0 (0.0–2.0) 1.0 (0.0–4.0) 1.0 (0.0–3.0) 0.0 (0.0–2.0) <0.001
Median cJADAS score at
enrollment (IQR)

3.5 (0.5–8.0) 4.0 (1.0–9.0) 6.0 (1.5–12.0) 5.0 (1.5–12.0) 4.0 (1.0–9.0) <0.001

Active disease by cJADAS at
enrollment n (%)

3,460 (59.2) 1,293 (63.1) 883 (71.0) 325 (69.3) 5,961 (62.0) <0.001

Median CHAQ score at
enrollment (IQR)

0.0 (0.0–0.5) 0.2 (0.0–0.8) 0.4 (0.0–1.0) 0.4 (0.0–1.0) 0.1 (0.0–0.6) <0.001

Functional disability by
CHAQ at enrollment
n (%)

2,772 (48.9) 1,166 (58.5) 819 (67.5) 312 (67.7) 5,069 (54.3) <0.001

* ANOVA, analysis of variance; ADI, Area Deprivation Index; bDMARD, biologic disease modifying anti-rheumatic drug; CARRA, Childhood
Arthritis and Rheumatology Research Alliance; csDMARD, conventional synthetic DMARD; CHAQ, Child Health Assessment Questionnaire;
cJADAS-10, clinical Juvenile Arthritis Disease Activity-10; GED, General Education Development Test; IQR, interquartile range; JIA, juvenile idio-
pathic arthritis; Q, quartile; RF, rheumatoid factor.
a Cumulative social disadvantage score (range 0–3) is calculated as follows: 1 point for self-reported family income level <$50,000/year, 1 point
for public or no insurance, and 1 point for guardian level education of high school or less.
b Computed using descriptive statistics, such as chi-squared testing, one-way ANOVA, or Kruskal-Wallis testing, as appropriate.
c ADI is a composite measure of neighborhood-level deprivation that comprises 17 indicators of neighborhood deprivation, including income,
housing, employment, and education using US Census data and geocoded to the census-tract level.
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significant in adjusted analysis in these multivariable models (aOR
for ADI quartile 4: 1.41, 95% CI 1.16–1.71).

As a sensitivity analysis, similar multivariable regression
models were generated to estimate the association of the
cumulative social disadvantage score and neighborhood dis-
advantage with persistent disease activity using different dis-
ease activity cut-offs, including moderate disease activity or
higher and severe disease activity or higher (Table 4). There
remained a successive increase in the odds of the cumulative
social disadvantage score and disease activity using these

thresholds with no qualitative differences identified (for a score
of 3, any disease activity: aOR 2.10, 95% CI 1.73–2.53; mod-
erate disease activity or higher: aOR 2.16, 95% CI 1.82–2.56;
severe disease activity or higher: aOR 2.09, 95% CI
1.61–2.72). The association between neighborhood disadvan-
tage and disease activity was attenuated in multivariable
analysis at every threshold (for ADI quartile 4, any disease
activity: aOR 1.11, 95% CI 0.92–1.35; moderate disease
activity or higher: aOR 1.03, 95% CI 0.88–1.20; severe
disease activity or higher: aOR 1.07, 95% CI 0.83–1.38). As a
separate sensitivity analysis, our univariable and multivariable
primary models were generated using our final imputed data
set versus complete case series analysis with no significant dif-
ferences noted in our measures of association (Supplemental
Table 1).

Causal mediation analysis. Comparing the most disad-
vantaged with least disadvantaged neighborhoods (ADI quar-
tile 4 vs quartile 1), the total effect of neighborhood
disadvantage on disease activity (4.8%, 95% CI 2.7–7.1) can
be separated into a 0.7% (95% CI −1.9 to 3.2) direct effect
and 4.2% (95% CI 3.0–5.4) indirect effect mediated through
the cumulative social disadvantage score. Therefore, 87%
(95% CI 38–100) of the effect of neighborhood disadvantage
on disease activity is mediated through the cumulative social
disadvantage score (P < 0.001) (Figure 2). When performing
similar mediation analyses substituting the individual compo-
nents of the score, we found that low income mediated 72%
(95% CI 30–100) of the effect of neighborhood disadvantage
on disease activity (P = 0.001), whereas public or no insurance
mediated 52% (95% CI 21–83) of this relationship (P = 0.001),

Table 2. Unadjusted and adjusted logistic regression models assessing the association between the cumulative
social disadvantage score, race and/or ethnicity, and ADI and any disease activity (by cJADAS-10) across registry
follow-up*

Social disadvantage,
race/ethnicity, ADI, and disease activity

Unadjusted
OR (95% CI) Adjusteda OR (95% CI) Final adjustedb OR (95% CI)

Cumulative social
disadvantage score

0 Ref Ref Ref
1 1.34 (1.19–1.51) 1.32 (1.18–1.48) 1.30 (1.16–1.45)
2 1.81 (1.58–2.07) 1.84 (1.61–2.10) 1.79 (1.57–2.04)
3 2.15 (1.73–2.68) 2.17 (1.77–2.65) 2.10 (1.73–2.53)

ADI
1 (lowest) Ref Ref Ref
2 1.14 (1.00–1.31) 1.15 (1.01–1.32) 1.09 (0.95–1.24)
3 1.24 (1.05–1.46) 1.23 (1.04–1.45) 1.08 (0.91–1.28)
4 (highest) 1.45 (1.18–1.77) 1.41 (1.16–1.71) 1.11 (0.92–1.35)

* cJADAS-10 defined in participants with oligoarticular JIA as >1.1 and in all other JIA categories as >2.5. ADI, Area
Deprivation Index; bDMARD, biologic disease modifying anti-rheumatic drug; CI, confidence interval; cJADAS-10,
clinical Juvenile Arthritis Disease Activity Score-10; csDMARD, conventional synthetic DMARD; JIA, juvenile idiopathic
arthritis; OR, odds ratio; Ref, reference.
a Adjusted for age at enrollment, time from symptom onset to diagnosis, year of diagnosis, sex, JIA category, pres-
ence of secondary rheumatic disease, medication use during follow-up (bDMARD, csDMARD, small molecule), cur-
rent glucocorticoid use, any glucocorticoid use during follow-up.
b Adjusted for the same covariates, including either the cumulative social disadvantage score or ADI.

Table 3. Unadjusted and adjusted logistic regression models
assessing the association between the individual components of the
cumulative social disadvantage score, race and/or ethnicity, and ADI
and any active disease (by cJADAS-10) across registry follow-up*

Social disadvantage
components, race/ethnicity,
ADI, and disease activity

Unadjusted
OR (95% CI)

Adjusteda

OR (95% CI)

Low insurance 1.62 (1.41–1.85) 1.53 (1.35–1.75)
Low guardian education 1.51 (1.33–1.70) 1.35 (1.22–1.49)
Low income 1.73 (1.53–1.96) 1.69 (1.51–1.88)
ADI
1 (lowest) Ref Ref
2 1.14 (1.00–1.31) 1.15 (1.01–1.32)
3 1.24 (1.05–1.46) 1.23 (1.04–1.45)
4 (highest) 1.45 (1.18–1.77) 1.41 (1.16–1.71)

* cJADAS-10 defined in participants with oligoarticular JIA as >1.1
and in all other JIA categories as >2.5. ADI, Area Deprivation Index;
bDMARD, biologic disease modifying anti-rheumatic drug; CI, confi-
dence interval; cJADAS-10, clinical Juvenile Arthritis Disease Activity
Score-10; csDMARD, conventional synthetic DMARD; JIA, juvenile idi-
opathic arthritis; OR, odds ratio; Ref, reference.
a Adjusted for age at enrollment, time from symptom onset to diag-
nosis, year of diagnosis, sex, JIA category, presence of secondary
rheumatic disease, medication use during follow-up (bDMARD,
csDMARD, small molecule), current glucocorticoid use, any gluco-
corticoid use during follow-up.
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and guardian education mediated 27% (95% CI 5–48) of this
relationship (P = 0.016).

Functional disability by CHAQ. Functional disability as
defined by a CHAQ score greater than 0 was common at
enrollment at 54.3% (Table 1). Across registry follow-up in both
unadjusted and adjusted analyses, an increase in the

cumulative social disadvantage score was associated with a
successive increase in the odds of functional disability (for a
score of 3: aOR 2.86, 95% CI 2.14–3.81). In unadjusted analy-
sis, a similar relationship was found between neighborhood
disadvantage and persistent functional disability (for ADI quar-
tile 4: aOR 2.32, 95% CI 1.74–3.10). This relationship was
attenuated but remained statistically significant in adjusted

Table 4. Adjusted logistic regression models assessing the association between the cumulative social disadvantage
score, race and/or ethnicity, and ADI and disease activity (by varying cJADAS-10 cutoffs) across registry follow-up)*

Social disadvantage,
race/ethnicity, ADI, and

disease activity by
cJADAS-10 Cutoffs

Any active disease,a

N = 5,961, Adjusted
OR (95% CI)

Moderate disease
activity or higher,b

N = 4,154, Adjusted
OR (95% CI)

Severe disease activity or
higher,c N = 1,026,

Adjusted OR (95% CI)

Cumulative social
disadvantage score

0 Ref Ref Ref
1 1.30 (1.16–1.45) 1.33 (1.18–1.50) 1.33 (1.11–1.58)
2 1.79 (1.57–2.04) 1.91 (1.69–2.17) 1.83 (1.49–2.24)
3 2.10 (1.73–2.53) 2.16 (1.82–2.56) 2.09 (1.61–2.72)

ADI
1 (lowest) Ref Ref Ref
2 1.09 (0.95–1.24) 1.06 (0.93–1.22) 1.14 (0.93–1.40)
3 1.08 (0.91–1.28) 1.09 (0.94–1.26) 1.07 (0.87–1.33)
4 (highest) 1.11 (0.92–1.35) 1.03 (0.88–1.20) 1.07 (0.83–1.38)

* OR adjusted for age at enrollment, time from symptom onset to diagnosis, year of diagnosis, sex, JIA category,
presence of secondary rheumatic disease, medication use during follow-up (bDMARD, csDMARD, small molecule),
current glucocorticoid use, any glucocorticoid use during follow-up. ADI, Area Deprivation Index; bDMARD,
biologic diseasemodifying anti-rheumatic drug; CI, confidence interval; cJADAS-10, clinical Juvenile Arthritis Disease
Activity Score-10; csDMARD, conventional synthetic DMARD; JIA, juvenile idiopathic arthritis; OR, odds ratio; Ref,
reference.
a Defined in participants with oligoarticular JIA as cJADAS >1.1 and in all other JIA categories as >2.5.
b Defined in participants with oligoarticular JIA as cJADAS >4 and in all other JIA categories as >5
c Definied in participants with oligoarticular JIA as cJADAS >12 and in all other JIA categories as >16

Figure 2. Causal mediation analysis to investigate the cumulative social disadvantage score as a mediator of the relationship between ADI and
any disease activity throughout registry follow-up. Causal mediation analysis quantifies the total effect of a predictor (highest ADI quartile as com-
pared to lowest) into its direct effect on an outcome (disease activity by cJADAS-10 score) and indirect effect mediated through a proposed medi-
ator (cumulative social disadvantage score), from which the total proportion of the effect that is mediated can be calculated (proportion mediated).
Age at enrollment, time from symptom onset to diagnosis, year of diagnosis, sex, JIA category, presence of secondary rheumatic disease, med-
ication use during follow-up (bDMARD, csDMARD, small molecule), current glucocorticoid use, and any glucocorticoid use during follow-up were
adjusted for in this analysis. ADI, area deprivation index; bDMARD, biologic disease-modifying antirheumatic drug; cJADAS-10, Clinical Juvenile
Arthritis Disease Activity Score 10; csDMARD, conventional synthetic disease-modifying antirheumatic drug; JIA, juvenile idiopathic arthritis.
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analysis (for ADI quartile 4: aOR 1.38, 95% CI 1.03–1.83)
(Supplemental Table 2).

DISCUSSION

In the largest cohort study of US children with JIA to date
focused on health disparities, we found that cumulative social dis-
advantage, a composite measure of individual- and family-level
SDOH, was strongly and dose-dependently associated with per-
sistent disease activity and functional disability across CARRA
registry follow-up. This association persisted after adjustment for
demographic and disease-related factors, suggesting that cumu-
lative social disadvantage exerts an independent effect on JIA
outcomes. Additionally, we identified neighborhood disadvantage
as a statistically significant predictor of disease activity across reg-
istry follow-up, although most of the effect of this community-level
SDOH on disease activity is mediated through more proximal
individual- and family-level SDOH. These findings build on our
previous work in a nationally representative data set14 by replicat-
ing this relationship in a large, rheumatologist-confirmed JIA
cohort and confirm that cumulative social disadvantage is a clini-
cally relevant construct for JIA risk stratification and intervention
design.

SDOH rarely act in isolation. Social disadvantages, including
poverty, underinsured status, and low education level, may accu-
mulate and have been consistently linked to poorer childhood
health, including having a chronic medical condition, and having
functional limitations.11 Previous studies had used combined
scoring systems to investigate this concept of cumulative social
disadvantage on health outcomes.27 In a previous study, we cre-
ated a cumulative social disadvantage score that comprised mea-
sures of childhood poverty, insurance status, low guardian
education, and high ACE scores, and found an increase in the
odds of a childhood arthritis diagnosis among a representative
population of US children and higher reported disease severity.14

Limitations of this study were its cross-sectional nature, which
could not assess if such disparities were sustained over time, as
well as the self-reported nature of both arthritis diagnosis and
severity, which could have been subject to misclassification bias.
This study extends our understanding by demonstrating that
social disadvantage appears to operate additively or synergisti-
cally over time, even within the context of subspecialty care. This
underscores the need to address both individual-level and
family-level risk factors and the overall burden of social disadvan-
tage in pediatric rheumatology.

When considering potential targets for intervention, it is
important to consider the ways in which cumulative social disad-
vantage may operate to worsen JIA health outcomes. Our media-
tion analysis provides important insight into potential
mechanisms. Most of the effect (87%) of neighborhood disadvan-
tage (as measured by ADI) on disease activity was mediated
through more proximal individual and family-level factors. Of

these, low family income emerged as the strongest mediator, fol-
lowed by public or no insurance and low guardian education.
Although this suggests that addressing proximal needs may have
the greatest impact and will be necessary to successful JIA inter-
ventions, it does not completely diminish the importance of com-
munity context. Community-level poverty, defined as 20% or
more of the population of a geographic area living below the fed-
eral poverty limit, has been demonstrated to be associated with
delays in time to first rheumatology appointment and persistent
disease activity and functional disability among children with poly-
articular JIA.28,29 We hypothesize that community-level determi-
nants remain critical in shaping JIA outcomes. Pediatric
rheumatology care in the United States is concentrated in urban
academic centers,30 often requiring families, especially those in
rural and high-deprivation areas, to travel significant distances to
specialty care.31 Such geographic and resource barriers may
exacerbate delays in diagnosis,32 limit timely follow-up, and con-
strain access to health care and other ancillary services, such as
physical therapy, mental health support, or social work. More-
over, neighborhood-level factors not captured by ADI, including
availability of transportation, local health care infrastructure, com-
munity health literacy, and exposure to environmental stressors,
may independently influence disease management and out-
comes.33 Future studies incorporating broader community-level
metrics and health care access geography will be important to
further assess the role between community and health disparities
in JIA.

The findings of our study underscore the need for multilevel
interventions extending beyond the clinic. At a systems level,
potential strategies to mitigate the impact of social disadvantage
include expanding telehealth infrastructure,34 efforts to increase
recruitment of pediatric rheumatologists to address workforce
shortages,35 establishing satellite clinics or mobile care units to
reduce travel burden,36 and embedding social care services into
pediatric rheumatology practices.37,38 Presently among CARRA
registry sites, only 31% of pediatric rheumatology clinics have a
social worker or psychologist.39 Patient navigator programs have
been successful in diseases such as Type I diabetes40 and piloted
in adult rheumatoid arthritis41,42 and may provide both individual-
ized support and stronger links between tertiary care centers and
patients’ home communities. Additionally, policy initiatives that
improve insurance coverage (including expansion of Medicaid
and the Children’s Health Insurance Program43), transportation
assistance,44 and broadband access45,46 may also help bridge
the gap for families in high-deprivation areas. Building community
partnerships with schools, primary care practices, and
community-based organizations47 could further reinforce disease
management support where children live.

The persistence of disparities among patients receiving care
at tertiary and quaternary centers (ie, CARRA Registry sites) high-
lights that access to specialty care alone is insufficient, and delays
to diagnosis or pediatric rheumatology care do not fully explain
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JIA health disparities. Routine SDOH screening in pediatric rheu-
matology should be a priority, with intervention models designed
for scalability across diverse practice settings. The feasibility of
SDOH screening in rheumatology clinics has already been dem-
onstrated48 but, to our knowledge, not yet applied to or studied
in a pediatric rheumatology population. Our mediation results
suggest that pairing community-level strategies with targeted
individual and family support will be essential. Programs such as
the Novel Interventions in Child Health model49,50 or patient navi-
gation programs warrant further evaluation in JIA.

There are several limitations of this study to consider. We had
a high degree of missingness of our predictor variables. However,
we addressed this with multiple imputations and performed sen-
sitivity analyses comparing complete case versus imputed data
models with no substantive quantitative differences. SDOH vari-
ables and ADI were measured only once at the enrollment registry
visit, preventing assessment of SDOH changes over time.
Unmeasured confounding is possible, particularly from societal-
level factors that are difficult to measure, including structural rac-
ism and policy environments. Although we chose cJADAS and
CHAQ as our outcomes of interest, given their broad applicability
to the JIA cohort at large and their use in other JIA trials, they may
not fully capture patient experience. Future work will integrate
more patient-reported outcomes. Finally, generalizability may be
limited because the CARRA Registry is a convenience sample of
patients with access to specialty care and who consent to registry
participation and excludes those managed in adult rheumatology
or primary care settings.

Despite these limitations, this is the largest North American
cohort of patients with JIA analyzed longitudinally with validated
measures of disease activity and function focusing on health dis-
parities. Additionally, the CARRA Registry allowed for the analysis
of individually reported household-level SDOH, including family
income and guardian education, which are not routinely available
in large data sets. Neighborhood-level proxies for household-level
SDOH, such as ADI, may be more useful in data sets in which
these SDOH are not available. Our application of the socioecolo-
gical model, combined with causal mediation analysis, advances
our understanding of how multilevel SDOH influence pediatric
rheumatology outcomes. Even with limited heterogeneity in
SDOH within this cohort, we identified a clear gradient effect of
cumulative social disadvantage on JIA outcomes.

In conclusion, we identified cumulative social disadvantage,
comprising individual- and family-level SDOH, as strongly associ-
ated with persistent disease activity among a large cohort of US
children with JIA. We also identified a mediating relationship
between neighborhood disadvantage and cumulative social dis-
advantage on disease activity. These findings demonstrate that
although community-level SDOH are implicated in JIA health dis-
parities, their influence is primarily mediated through more proxi-
mal SDOH and highlights the need for individual-level
intervention to mitigate JIA health disparities. Future directions will

expand measurement of community-level determinants and
leverage these findings to develop interventions targeting SDOH
through patient navigation, care coordination, and community
partnerships. We also plan to create and validate a JIA-specific
social disadvantage screening tool for integration into routine clin-
ical practice. Given the persistence of disparities in JIA despite
therapeutic advances, it is imperative that interventions address
the broader social context in which children live and receive care.
Pediatric rheumatology should move toward integrated care
models that recognize and mitigate social disadvantage to
achieve equitable outcomes for all children with JIA.
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Trajectories of Physical Function in Canadian Children With
Juvenile Idiopathic Arthritis
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Registry Investigators

Objective. We describe trajectories of physical function in children newly diagnosed with juvenile idiopathic arthri-
tis (JIA) and identify trajectories with persisting functional impairments and associated baseline characteristics.

Methods. We included patients enrolled in the Canadian Alliance of Pediatric Rheumatology Investigators (CAPRI)
Registry between 2017 and 2024 whose parents provided Kids Disability Screen (KDS) scores from at least two visits
(from 0 = no disability to 10 = severe disability). Analyses included descriptive statistics, locally weighted scatterplot
smoothing, Kaplan-Meier plots of time to KDS = 0, latent class trajectory analysis (LCTA), and classification trees to
predict trajectories with persisting impairments.

Results. We included 940 patients providing 7,351 KDS scores starting at a median 6 days after diagnosis up to
7 years. Baseline KDS scores were highest for rheumatoid factor–positive polyarthritis (mean 4.9, SD 3.1) and lowest
for psoriatic arthritis (mean 2.4, SD 2.5), and mean scores improved within the first year in all JIA categories. Median
time to KDS = 0 was 36 weeks (from 13 weeks for systemic arthritis to 73 weeks for undifferentiated arthritis). LCTA
identified five trajectories: one with little measurable impairment (38% of patients), two with impairments resolving in
one to two years (24%), and two with persisting mild impairments (38%). A baseline KDS ≥1.5 had a sensitivity of
0.79 and specificity of 0.48 to detect persisting mild impairment trajectories. There were no trajectories with persisting
moderate or severe impairments.

Conclusion. Most children with JIA in this cohort had mild to moderate functional impairments at diagnosis that
resolved in one to two years, but one in three followed trajectories with mild persisting impairments.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic

rheumatic disease of childhood, with reported worldwide preva-

lence ranging from 4 to 400 cases per 100,000 children.1 Chil-

dren and adolescents with JIA often experience pain, joint

swelling, and functional impairments. Functional impairments

can take many forms, including difficulties engaging in play or

sports and in daily activities, such as getting dressed or writing.

JIA is classified into seven categories according to the

International League of Associations for Rheumatology (ILAR) cri-

teria: oligoarthritis, rheumatoid factor (RF)–negative polyarthritis,
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RF-positive polyarthritis, and systemic, psoriatic, enthesitis-

related, and undifferentiated arthritis.2 JIA category significantly

impacts a child’s expected disease course and medical

treatment.3

Early studies have reported that juvenile arthritis was fre-
quently associated with lifelong disability. In a 1981 study, about
half of patients followed for 10 to 22 years became handicapped
or experienced some functional limitation, and 11.3% had severe
limitations.4 With modern targeted treatment with conventional
synthetic, targeted synthetic, and biologic disease-modifying anti-
rheumatic drugs (DMARDs), it is anticipated that most children
with JIA will quickly improve in function.

In Canada, achievement of clinically inactive disease within
70 weeks of JIA diagnosis has increased from 64% to 83% when
comparing 2005 to 2010 and 2017 to 2021 inception cohorts.5

Despite these improvements in control of disease activity, it is
known that some children still experience substantial functional
impairments, but the characteristics of this patient population
have not been systematically described.6 There is limited pro-
spective data on physical function trajectories in patients on mod-
ern treatments, including how often impairments persist and
which baseline factors predict them. A systematic review found
that the few proposed predictors were not confirmed in other
studies,7 and there is a dearth of information on long-term func-
tion of patients with disease onset in the biologic era.8

The World Health Organization (WHO) International Classifi-
cation of Functioning, Disability, and Health (ICF) is the interna-
tional framework for measuring health and disability in individuals
and broader populations.9 In ICF, functioning refers to all body
functions, activities, and participation, whereas disability refers to
all impairments (significant deviations or loss of body functions),

activity limitations, and participation restrictions.9 Worse
functional impairments are associated with poorer health-related
quality of life,10,11 and better physical functioning is consistently
associated with better overall pediatric quality of life scores.12 In
children and adolescents ages 8 to 16 years, a key period for
development, functional impairments can cause delays in the
optimization of gross motor skills and disrupt emotional and social
development, ultimately affecting overall quality of life.12

In Canada, most children with JIA receive services to
address function, such as physiotherapy and/or occupational
therapy assessment and management. These interventions aim
to reduce pain, improve range of motion in joints, increase
strength, and improve participation in daily activities.13,14 By intro-
ducing these services closer to disease onset, patients may be
more likely to improve physical function and well-being. Imple-
menting preventive measures rather than treating established def-
icits is thought to have long-term positive effects on function.

This study aimed to describe modern longitudinal trajectories
of physical function in children with different JIA categories and to
identify data-driven trajectories of physical function that may lead
to persisting functional impairments and the baseline characteris-
tics that may predict these trajectories. Early identification of
patients at high risk for long-term functional impairments would
enable timely, targeted preventive interventions.

METHODS

Patients. Data collected between February 2017 and April
2024 from 20 academic and community pediatric rheumatology
clinics across Canada participating in the Canadian Alliance of
Pediatric Rheumatology Investigators (CAPRI) Registry were ana-
lyzed. (Members of the CAPRI Registry Investigators are included
in Acknowledgements). The CAPRI Registry prospectively col-
lects information on disease course, treatment, and outcomes
among Canadian children diagnosed with JIA.15 Children and
adolescents with disease onset before the age of 16 years are eli-
gible to be enrolled within the first three months after their JIA
diagnosis, if the family is able to complete questionnaires in
English or French. Demographic and clinical characteristics of
patients are reported by parents and physicians at enrollment
and at every clinic visit until discharge from clinic or transfer to
adult care. The CAPRI Registry study was approved by research
ethics boards at all participating centers. Informed consent and
appropriate assent were obtained from parents and participants,
respectively. Central approval was provided by The University of
British Columbia Children’s & Women’s Health Centre of British
Columbia Research Ethics Board (H16-00309). For this study,
registry participants whose parents had completed at least two
functional assessment questionnaires by April 2024 were
included; patients with missing recorded date of diagnosis or JIA
category were excluded.

SIGNIFICANCE & INNOVATIONS
• In this Canadian longitudinal study of 940 children

newly diagnosed with juvenile idiopathic arthritis
(JIA) between 2017 and 2024, most hadmild tomod-
erate functional impairments at the time of diagno-
sis that improved quickly with a median time to
optimal function of 36 weeks.

• At diagnosis, rheumatoid factor–positive polyarthri-
tis had the largest functional impact, and psoriatic
arthritis had the least, and patients with systemic
arthritis and oligoarthritis attained optimal function
earlier than patients in other JIA categories.

• In latent class trajectory analysis, 38% of patients
were assigned to trajectories with persisting mild
functional impairments, and a baseline Kids Disabil-
ity Screen ≥1.5 was able to identify 79% of these
patients.

• There were no functional trajectories with persist-
ing moderate or severe impairments, but 8% of
patients reported moderate to severe impairment
at least once beyond two years after diagnosis.
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Measures. Physical function, our main outcome, was
assessed using the Kids Disability Screen (KDS).16 KDS is the
mean of numerical responses (from 0 to 10 in a 21-point scale)
to two questions: “Does your child usually need help from you or
another person because of arthritis?” and “Is it hard for your child
to run and play because of arthritis?” The KDS score ranges from
0 = no disability to 10 = severe disability and has psychometric
properties comparable to the 32-item Childhood Health Assess-
ment Questionnaire (CHAQ) disability index.16 Based on their rela-
tionship with CHAQ scores, KDS scores >0 to 1.5 indicate mild
disability, >1.5 to 4 mild to moderate disability, and >4 moderate
to severe disability. In a validation cohort, the KDS had a stan-
dardized response mean of 0.67 compared with 0.62 for CHAQ,
and it detected functional impairments in 44% of children with
no impairment detected by CHAQ (CHAQ = 0).16 The answers
to the two questions can also be combined with other patient
characteristics to calculate an estimated CHAQ (eCHAQ) score.
Concordance between eCHAQ and CHAQ was very good with
a weighted kappa of 0.78.16 The parents of all registry partici-
pants were asked to complete the KDS at enrollment and at each
subsequent clinic visit. At enrollment (and annually thereafter) par-
ents were also asked to complete the CHAQ.

Selected variables collected at enrollment in the registry were
examined as possible predictors of physical function trajectories.
These included child’s age at diagnosis, sex, disease duration
(length of time between the first symptom and diagnosis), number
of active joints at enrollment, physician global assessment of dis-
ease activity (PGA; 0–10), acute phase reactants (highest erythro-
cyte sedimentation rate and highest C-reactive protein since
onset), and pain intensity (0–10). Additionally, we examined baseline
domain scores of the Juvenile Arthritis Quality of Life Questionnaire
(JAQQ; gross motor function, fine motor function, psychosocial
function, and systemic symptoms)17 and scores for fatigue and pain
interference using Patient-Reported Outcome Measurement Sys-
tem (PROMIS) short parent-proxy questionnaires.18,19

Analysis. Baseline characteristics of the cohort were
described with numbers and percentages or medians and 25th
and 75th percentiles, as appropriate for categorical, ordinal, and
continuous variables. Trajectories of mean KDS scores for each
JIA category following diagnosis were plotted with locally
weighted scatterplot smoothing (LOWESS) with a bandwidth of
0.8 using STATA 15 software (StataCorp LLC). Kaplan–Meier sur-
vival analysis was used to estimate and display median time for
children to attain optimal functioning (KDS = 0), for the overall
cohort and by JIA category. Pairwise comparisons between JIA
categories were done with log-rank tests with Bonferroni correc-
tion for multiple comparisons. As there were 21 comparisons,
the Bonferroni threshold was P < 0.002. We calculated the fre-
quency of visits with KDS scores >4 points after 2 years post
diagnosis and examined their relationship with disease flares.

Flare was defined as an increase of one point or more in the
PGA and starting or increasing antirheumatic medications.

Latent class trajectory analysis (LCTA) was used to identify
groups of patients with similar trajectories of function irrespective
of their JIA category,20 starting at the time of diagnosis and for
up to four years. This was done in a subset of participants who
had at least four visits recorded in the registry and at least two
valid KDS scores. After multiple imputation of missing scores
and exclusion of the baseline score (because we were interested
in examining the predictive value of baseline KDS scores), we
explored LCTA models from one to six trajectories and selected
the model with the best values of both the Akaike Information Cri-
terion and the Bayesian Information Criterion.21 In secondary
analyses, we also explored LCTA using eCHAQ scores. As age
and sex are required for eCHAQ calculation, patients with missing
recorded data on age or sex were excluded from this analysis.

Recursive partitioning was used to identify simple decision
trees that could be used in clinic to detect patients assigned to
latent classes with persisting impairments.22 Multiple imputation
by chained equations was used to impute values in 5 data sets
for the LCTA with averages taken as per Rubin’s rules23 and in
20 data sets for the recursive partitioning analysis. Our recursive
partitioning (decision tree) analyses focused on predicting
patients who develop persisting impairments versus those with
resolving or no impairments. Because our aim was to identify a
simple decision tree that could be used at baseline to detect most
patients likely to follow trajectories with persisting impairments,
we focused on sensitivity calculations and assessed scenarios
when a KDS was available, a CHAQ was available, or no patient
reported measures were available. Because we had 20 imputed
data sets and there are not established methods to combine
20 trees that may select different variables and cutoff values, we
combined all 20 data sets first and then constructed 1 tree that
was agreed to by the bulk of the data, with imputation uncertainty
reflected by allowing proportional node assignments. We used
the full stacked data set with 20 rows of imputed data per patient
to build trees containing one to five splits (two to six terminal
nodes). To objectively evaluate the predictive ability of each differ-
ent tree size, we performed five-fold cross-validation on the
stacked data, fitting classification trees to each of the five folds.
The folds were created by randomly assigning each patient to a
fold, ensuring that all 20 observations per patient were assigned
to the same fold. Missing data imputation, LCTA, and recursive
partitioning computations were done using R software packages
“mice,” “lcmm,” and “rpart,” respectively,24 and they are des-
cribed in detail in the online Supplementary Materials.

RESULTS

A total of 1,125 patients had been enrolled in the CAPRI Reg-
istry within three months of diagnosis by April 2024. After excluding
patients with missing JIA category (n = 10) and those who had less
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than two KDS scores (n = 175), a total of 940 patients were
included in our study. Among 8,850 clinic visits recorded in the reg-
istry for these patients, there were 7,351 KDS scores available
(83% of visits), 6,088 of them within three years of JIA diagnosis.
Participant’s median follow-up time was 787 days after diagnosis
(25th, 75th centiles 383–1,350), and 333 patients (35.4%) were fol-
lowed for more than three years. The median number of visits per
patient was 5 (25th, 75th centiles 2–8) with a maximum of 37 visits.
Patients included in the study were comparable to excluded
patients (Table 1), except that excluded patients were more
recently diagnosed and followed for a shorter period, a median of
70 days following diagnosis (25th, 75th centiles 0–265).

The demographic and clinical characteristics of participants
at enrollment are summarized in Table 1. Participants were
enrolled a median of six days after diagnosis (25th centile 0, 75th
centile 52) at a median age of 9.1 years (25th centile 4.3, 75th

centile 13.2), and 63.2% were female. Most patients had oligoar-
thritis (45.3%), RF-negative polyarthritis (19.3%), or enthesitis-
related arthritis (ERA; 14.4%). The median KDS score upon enroll-
ment was 2.50 (25th centile 0.50, 75th centile 5.25), and the
median CHAQ was 0.375 (25th centile 0, 75th centile 1.0). The
mean KDS score at enrollment was 3.1 (SD 2.9), with children
with RF-positive polyarthritis having the highest mean KDS at
enrollment (4.9, SD 3.1) and children with psoriatic arthritis having
the lowest (2.4, SD 2.5) (Table 1).

Trajectories of physical function by JIA category.
Figure 1 shows trajectories of mean KDS scores for each JIA cate-
gory obtained with LOWESS and the dispersion in KDS scores.
Trajectories varied across JIA categories. As stated in the previous
paragraph, patients with RF-positive polyarthritis reported the high-
est KDS scores shortly after diagnosis, and patients with psoriatic
arthritis reported the lowest scores. Mean KDS scores improved
for all categories within the first year after diagnosis and then stabi-
lized, with patients with ERA having somewhat higher mean KDS
scores than the other categories up to four years. Because the
number of patients followed for more than four years for infrequent
JIA categories was small, LOWESS trajectories in Figure 1 should
be interpretedwith caution beyond this time. Althoughmean trajec-
tories improved in the first year, 75 patients (8.0%) reported KDS
>4 at least once beyond the initial two years after diagnosis
(Figure 1B). There were 148 study visits with a KDS score >4 after
two years of diagnosis in these 75 patients; 31 visits (20.9%) had
a concomitant disease flare, 107 visits (72.3%) did not, and 10 visits
(6.8%) did not have enough information to determine the presence
of a flare. The median PGA value for these visits was 1 (25th, 75th
centiles 0–3), with a KDS >4 reported in 50 visits with a PGA of 0.

Time to attain optimal function. A Kaplan–Meier sur-
vival analysis of the rate at which patients in different JIA categories
attain an optimal KDS score of 0 showed substantial differences
across JIA categories (Figure 2). The median time for the overall
cohort to attain KDS = 0 was 36 weeks after diagnosis (25th, 75th
centiles 15, 96). Patients with systemic arthritis attained a KDS
score of 0 sooner, at a median of 13 weeks (25th, 75th centiles
7, 40), followed by patients with oligoarthritis at a median of 26
weeks (25th, 75th centiles 12, 61). Patients with undifferentiated
arthritis took the longest at a median of 73 weeks (25th, 75th cen-
tiles 24, 104). Pairwise comparisons across JIA categories with log-
rank tests showed that patients with systemic arthritis and oligoarthri-
tis had significantly faster attainment of a KDS of 0, relative to patients
with polyarthritis RF-negative and ERA (P < 0.001; Figure 2).

LCTA. LCTA included 727 patients with at least four
recorded visits and two valid KDS scores. These patients
attended 7,211 visits. The best fitting LCTA model identified five
distinct data-driven trajectories of physical function (Figure 3).
There was one trajectory with little measurable functional

Table 1. Baseline characteristics of the cohort at enrollment*

Characteristic
Included
patients

Excluded
patients

Number of patients 940 185
Age, y 9.1 (4.3, 13.2) 11.2 (7.0, 14.0)
Female, n (%) 587 (63.2) 101 (62.0)
Time since diagnosis, d 6 (0, 52) 0 (0, 42)
Time since disease onset, d 163 (90, 307) 152 (90, 381)
Follow-up time, d 787 (383, 1350) 70 (0, 265)
Visits per patient 5 (2, 8) 2 (1, 5)
JIA category,a n (%)
Oligoarthritis 426 (45.3) 84 (46.9)
Polyarthritis RF-negative 181 (19.3) 30 (16.8)
Enthesitis-related arthritis 135 (14.4) 30 (16.8)
Psoriatic arthritis 52 (5.5) 14 (7.8)
Systemic arthritis 46 (4.9) 8 (4.5)
Polyarthritis RF-positive 37 (3.9) 2 (1.1)
Undifferentiated 63 (6.7) 11 (6.1)

Active joint count 2 (1, 6) 2 (1, 4)
Physician global assessment 4.0 (2.5, 6.0) 3.0 (1.5, 5.0)
Parent global assessment 2.0 (0.5, 5.0) 2.0 (1.0, 5.0)
Pain in last week 3.0 (1.0, 6.0) 3.0 (1.0, 6.0)
CHAQ disability index 0.375 (0.0, 1.0) 0.375 (0.0, 1.0)
KDS 2.50 (0.50, 5.25) 2.625 (0.5, 5.5)
Whole cohort, mean (SD) 3.1 (2.9) 3.3 (2.9)
Oligoarthritis, mean (SD) 2.7 (2.9) 2.8 (2.7)
Polyarthritis RF-negative,
mean (SD)

3.6 (2.9) 3.9 (3.2)

Enthesitis-related arthritis,
mean (SD)

3.6 (2.6) 3.4 (2.6)

Psoriatic arthritis,
mean (SD)

2.4 (2.5) 4.5 (3.1)

Systemic arthritis,
mean (SD)

2.7 (3.3) 2.8 (3.3)

Polyarthritis RF-positive,
mean (SD)

4.9 (3.1) 1.9 (1.6)

Undifferentiated,
mean (SD)

3.2 (2.7) 4.5 (3.1)

* Numbers are median (25th, 75th centiles) unless otherwise speci-
fied. CHAQ, Childhood Health Assessment Questionnaire; JIA, juve-
nile idiopathic arthritis; KDS, Kids Disability Screen; RF, rheumatoid
factor.
a JIA category assigned by physician at diagnosis.
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impairment throughout four years of follow-up (class 5, 38% of
patients), two trajectories with initial impairments that resolved
during follow-up (class 1 with moderate impairment in 5% of
patients and class 2 with mild to moderate impairment in 19%
of patients), and two trajectories associated with persisting mild
functional impairments (class 3 with initial mild to moderate
impairment that improves but does not resolve in 24% of patients

and class 4 with persisting mild impairment throughout in 14% of
patients). There were no trajectories with persisting moderate or
severe impairments identified by LCTA.

LCTA looks at patterns within the data suggesting patient
subgroups that share similar trajectories; then it calculates proba-
bilities for each patient to belong to each of the identified classes/
trajectories. The online Supplementary Materials report the

Figure 1. Trajectories of physical function by JIA category. Shown are (A) the trajectories of physical function by JIA category following diagnosis
and (B) KDS score dispersion for the whole cohort. Trajectories were plotted using LOWESS with a bandwidth of 0.8. ERA, enthesitis-related
arthritis; JIA, juvenile idiopathic arthritis; KDS, Kids Disability Screen; LOWESS, locally weighted scatterplot smoothing; RF, rheumatoid factor.

Figure 2. Time to first attainment of an optimal KDS score of 0. Shown is (A) the probability of attaining an optimal KDS score of 0 over 3 years
after JIA diagnosis by JIA category. Shown is (B) the median (25th, 75th centiles) number of weeks to attain a KDS score of 0 for each JIA category
and for the overall cohort. Shown is (C) P values for pairwise comparisons of JIA categories using the log-rank test. Comparisons with P < 0.05 are
bolded. Considering the multiple pairwise comparisons in (C) (n = 21), values of P < 0.002 would correspond to the Bonferroni correction thresh-
old. ERA, enthesitis-related arthritis; JIA, juvenile idiopathic arthritis; KDS, Kids Disability Screen; RF, rheumatoid factor.
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diagnostic measures that led to choosing our five-trajectory
model. We assigned each patient to the class with the highest
probability. The mean posterior classification probabilities for
patients to be assigned to classes 1 to 5 were 0.66, 0.62, 0.64,
0.71, and 0.82, with 42%, 34%, 32%, 50%, and 68% of assigned
patients having a probability above 0.70, respectively. The best
fitting LCTA model when using eCHAQ scores, instead of KDS
scores, identified three trajectories, and none of them had persist-
ing functional impairments (see Supplementary Materials).

Many baseline indicators of disease activity, symptoms, func-
tion, and quality of life were significantly different across the five
physical function trajectories (Table 2). The proportion of patients
with oligoarthritis ranged from 15.8% in patients with initial moder-
ate impairment (class 1) to 53% in patients with little measurable
impairment in class 5. The median number of affected joints was
5 (25th, 75th centiles 2, 10) in class 1, compared to 2 (25th, 75th
centiles 1, 5) in class 5 (P < 0.0001 across trajectories). The
median pain score was 4.5 in class 1 (25th, 75th centiles 3, 7.5),
compared to 1.5 in class 5 (IQR 0, 3.5; P < 0.001). Other parent-
reported outcomes followed a similar pattern with greater severity
in class 1 and lesser severity in class 5, although class 3 had the
highest levels of pain (median 5; 25th, 75th centiles 3, 7.5) and par-
ent global assessment score (median 4; 25th, 75th centiles 2, 6).
Joints important for ambulation, such as hip, foot, and ankle,
showed a similar gradient, with more frequent involvement in class
1 (18.4% with hip and 60.5% with ankle involvement) and lesser
involvement in class 5 (5.8% and 37.7%, respectively). In summary,
the milder the disease presentation at baseline, the more likely
patients would follow a trajectory with little measurable impairment.

Decision trees. When we analyzed scenarios in which
baseline KDS scores were available, recursive partitioning
selected KDS as the most discriminating first variable, and a cutoff
of KDS ≥1.5 detected 79% of patients in trajectories with persist-
ing mild deficits (ie, sensitivity = 0.79), with a specificity of 0.48
(Figure 4). When we analyzed scenarios in which a baseline
CHAQ (but not a KDS) was available, recursive partitioning
selected a CHAQ score ≥0.5 as the most discriminating variable
cutoff with sensitivity of 0.59 and specificity of 0.59. Adding addi-
tional baseline variables to decision tress that included KDS or
CHAQ scores did not substantially improve detection of patients
with persisting mild functional impairments. In scenarios in which
no baseline patient-reported measures were available, age was
the most discriminating variable and a cutoff of ≥ 9.5 years had
a sensitivity of 0.54 and specificity of 0.60 for detecting patients
with persisting mild functional impairments.

DISCUSSION

This study examined modern trajectories of physical function
in a large Canadian JIA inception cohort with full representation of
all JIA categories. We found that, shortly after JIA diagnosis,
functional impairments measured with the KDS varied across JIA
categories. Initial KDS scores were worse for patients with RF-
positive polyarthritis and best for psoriatic arthritis. The mean
KDS scores decreased during the first year after diagnosis for all
JIA categories and then stabilized. A minority of children in each
category reported significant impairments at visits beyond two
years after diagnosis, and only one fifth of these visits were

Figure 3. Predicted KDS trajectories of physical function by LCTA with 95% CIs. Shown are the data-driven trajectories of KDS scores over the
4 years after diagnosis, modeled using LCTA, and the proportion of patients predicted to follow each trajectory. CI, confidence interval; JIA, juve-
nile idiopathic arthritis; KDS, Kids Disability Screen; LCTA, latent class trajectory analysis.
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associated with documented arthritis flares. Children with sys-
temic arthritis and oligoarthritis attained an optimal KDS score of
0 earlier than those in other JIA categories.

LCTA found five data-driven physical function trajectories
with one in three children following trajectories with persisting mild
functional impairments. There were no trajectories with persisting
moderate or severe functional impairments. Because patients
were recruited between 2017 and 2024 and the length of follow-
up varied with most patients having under four years of follow-
up, the LCTA trajectories are presented for the first four years after
diagnosis. Although multiple baseline characteristics differed
across the five trajectories, in our decision tree analyses, an initial
KDS ≥1.5 performed best and identified 79% of patients with per-
sisting mild impairments. That said, our assignment of patients to
the LCTA trajectory with greatest probability should be inter-
preted with caution because often the posterior probability of
assignment was less than ideal (<70%).

Although, to our knowledge, this is the first study to examine
modern trajectories of physical function in children with JIA, multi-
ple studies have examined trajectories of other disease

outcomes, including disease activity,25,26 pain,27 and health-
related quality of life.28 Shoop-Worrall et al reported trajectories
of active joint counts, PGA, and parent global assessment of
well-being, identifying six trajectory clusters.25 Balay-Dustrude
et al assessed predictors of disease activity and found correla-
tions across polyarticular RF-negative, psoriatic, and enthesitis-
related JIA and worse disease activity at 12 and 24 months.
Active disease at 3 months post diagnosis and older age were
also associated with higher disease activity at 12 and
24 months.26

Treatments were not specifically examined in our study;
however, therapies used in the CAPRI Registry have been
recently described, highlighting a step-up approach with escala-
tion of treatment when there is an inadequate clinical response
to prior therapy, consistent with current practice guidelines.5,29

Practices for discontinuing DMARDs in patients with inactive dis-
ease vary, although children with polyarticular arthritis typically
remain on DMARDS for a longer duration.3

Our cohort, with patients newly diagnosed with JIA between
2017 and 2024, more accurately reflects current functional

Table 2. Baseline characteristics of patients in each of five physical function trajectories identified with latent class trajectory analysis*

Characteristic

Class 1: initial
moderate
impairment

Class 2: initial
mild to

moderate
impairment

Class 3: initial
mild-moderate,
persisting mild

Class 4:
persisting mild
impairment

Class 5: little
measurable
impairment P value

Patients, n (%) 38 (5) 137 (19) 176 (24) 100 (14) 276 (38)
Age, y 8.4 (3.5, 11.8) 8.6 (3.8, 12.8) 10.7 (5.2, 13.8) 9.5 (4.2, 13.1) 7.1 (3.2, 12.0) <0.001
Female, n (%) 23 (60.5) 84 (61.3) 120 (68.2) 64 (64.0) 171 (62.0) 0.665
Time to diagnosis, d 151 (73, 347) 104 (58, 213) 160 (78, 364) 139 (63, 364) 118 (61, 236) 0.049
JIA category,a n (%) 0.001
Oligoarthritis 6 (15.8) 47 (34.3) 72 (40.9) 50 (50) 148 (53.6)
Polyarthritis RF-negative 11 (28.9) 34 (24.8) 35 (19.9) 16 (16) 49 (17.7)
Enthesitis-related arthritis 5 (13.2) 23 (16.8) 31 (17.6) 13 (13) 22 (8.0)
Psoriatic arthritis 3 (7.9) 11 (8.0) 9 (5.1) 3 (3.0) 15 (5.4)
Systemic arthritis 2 (5.3) 6 (4.4) 8 (4.6) 6 (6.0) 18 (6.5)
Polyarthritis RF-positive 2 (5.3) 7 (5.1) 9 (5.1) 6 (6.0) 9 (3.3)
Undifferentiated 9 (23.7) 9 (6.6) 12 (6.8) 6 (6.0) 15 (5.4)

Active joint count 5 (2, 10) 3 (2, 8) 3 (1, 6) 2 (1, 5) 2 (1, 5) <0.001
Limited joint count 3 (1, 7) 3 (1, 5) 2 (1, 4) 1 (1, 3) 1 (1, 3) <0.001
Hip involvement, n (%) 7 (18.4) 20 (14.6) 27 (15.3) 14 (14.0) 16 (5.8) 0.005
Foot or ankle involvement, n (%) 23 (60.5) 83 (60.6) 87 (49.4) 34 (34.0) 104 (37.7) <0.001
Wrist involvement, n (%) 14 (36.8) 46 (33.6) 60 (34.1) 27 (27.0) 74 (26.8) 0.313
Presence of enthesitis, n (%) 5 (14.3) 14 (10.8) 22 (13.6) 9 (9.0) 10 (4.2) 0.013
Physician global assessment 4.2 (3, 7) 5 (3, 7) 4 (2.5, 6) 3.5 (2, 5) 3 (2, 5) <0.001
Parent global assessment 3.7 (1.5, 7) 2.5 (1, 5) 4 (2, 6) 2 (0.5, 4) 0.5 (0, 2) <0.001
Pain in last week (parent) 4.5 (3, 7.5) 3 (2, 7) 5 (3, 7.5) 3 (1.5, 5) 1.5 (0, 3.5) <0.001
CHAQ disability index 1.1 (0.5, 1.2) 0.5 (0.1, 1.0) 0.7 (0.2, 1.4) 0.3 (0.1, 0.9) 0.1 (0, 0.5) <0.001
KDS 5.6 (3.5, 7.7) 3.5 (1.2, 6.0) 5 (2.5, 7.0) 2 (0.7, 4.0) 0.5 (0, 2.5) <0.001
ESR, mm/h 24 (14, 44) 25 (12, 41) 20 (9, 42) 18 (10, 44) 16 (7, 37) 0.062
CRP, mg/L 9 (4, 26) 11 (3, 31) 6 (1, 14) 5 (2, 15) 4 (1, 17) <0.001
Pain interference score 70 (65, 74) 66 (60, 71) 69 (64, 74) 65 (56, 71) 57 (46, 65) <0.001
Fatigue score 64 (60, 69) 60 (51, 67) 64 (58, 69) 60 (44, 66) 52 (43, 60) <0.001
JAQQ total score 3.8 (2.9, 4.7) 3.0 (2.2, 4.4) 3.6 (2.7, 4.8) 2.7 (1.9, 3.7) 1.8 (1.4, 2.8) <0.001

* Values are median (25th, 75th centiles) unless otherwise specified. P value calculated across the five trajectories with Kruskal–Wallis test or
chi-square test, as appropriate. CHAQ, Childhood Health Assessment Questionnaire; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; JAQQ, Juvenile Arthritis Quality of Life Questionnaire; JIA, juvenile idiopathic arthritis; KDS, Kids Disability Screen; RF, rheumatoid factor.
a JIA category assigned by the pediatric rheumatologist at diagnosis.
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trajectories, relative to studies in patients diagnosed before the
widespread use of biologic DMARDs. These treatments have
made significant impacts on the expectations of remission in chil-
dren with JIA.30 Oliveira Ramos et al highlighted that long-term
longitudinal studies of JIA cohorts with disease onset in the bio-
logic era are a necessary next step in JIA research.6 Joint damage
is considered an important factor leading to physical disability,
and with full control of disease activity with modern medications,
it is expected that joint damage is mitigated or prevented.6,31

The main strengths of this study are the large cohort of chil-
dren with JIA that is representative of all JIA categories and the
data collection at every clinic visit using a validated brief measure
of physical function resulting in thousands of assessments. Other
studies of function in JIA have studied “convenience” popula-
tions, in which they collect information from all patients who
attend the clinic within a certain time frame. This may lead to over-
representation of children with functional impairments because
patients who are clinically worse tend to have more frequent visits

Figure 4. Results of decision tree analyses. Shown is (A) the example of a 6-node decision tree when a KDS is available at baseline and (B) the
variables and cut-offs that optimize detection of patients with trajectories of persisting mild impairments under different circumstances. ACTIVE_J,
number of active joints; CHAQ, Childhood Health Assessment Questionnaire; KDS, Kids Disability Screen; LIMITED_J, number of joints with lim-
ited movement; ND, no persisting disability; PAIN_PAR, pain intensity in the last week reported by parent; PARENT_G, parent global assessment
of well-being; PD, persisting disability; PROS, patient-reported outcomes. Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.80039/abstract.

PHYSICAL FUNCTION IN JIA 1571

http://onlinelibrary.wiley.com/doi/10.1002/acr.80039/abstract


and, thus, a higher likelihood of being included in those studies.
Collecting data from families across many locations in a country
with a universal health care system and well-developed pediatric
rheumatology services resulted in a demographic that closely rep-
resents the general population of children with JIA. Collecting
data at every visit to the clinic provides closer monitoring and
more accurate detail about the longitudinal trajectories of function
than could be provided by periodic questionnaires completed
once or twice a year.

Our study should be interpreted considering several limita-
tions. First, 17% of recorded visits to clinic for the included
patients had missing KDS scores. Although questionnaires are
often missing simply because families forget to complete them,
there may be an association between having inactive disease
and not completing questionnaires. Families often report that they
feel questionnaires are not necessary when they have “nothing to
report.” In our study, missing data were addressed with multiple
imputation before LCTA. That said, we acknowledge that other
factors may influence KDS scores and there are limitations to the
accuracy of imputation of patient-reported measures.

Second, there may be understandable hesitancy to directly
compare results using the KDS to those obtained with the CHAQ,
given the latter’s widespread use and rigorously verified metrics in
multiple settings and languages. The KDS used in this study has
been shown to be highly sensitive at detecting the presence of
functional impairments in children with JIA and may have a lesser
ceiling effect and greater responsiveness than the CHAQ disability
index in this population.16 Interestingly, the use of the eCHAQ
scores in LCTA in our cohort failed to detect the trajectories with
mild persisting impairments detected using KDS scores. Being a
short index with only two items makes it feasible to collect KDS
scores at every clinic visit, relative to the 30+ item CHAQ. When
designing the CAPRI Registry, it was felt that sustaining ongoing
reliable completion of the CHAQ questionnaire at every visit to
the clinic across all centers was not feasible, and feasibility was
also the reason why Canadian pediatric rheumatologists were
hesitant to include functional assessment at every visit as a key
performance indicator in JIA.32

Third, our inability to detect trajectories with persisting mod-
erate or severe functional impairments does not mean that no
Canadian children with JIA experience substantial ongoing
impairments. Despite modern treatments, many pediatric rheu-
matologists can recall at least one patient who developed signifi-
cant disability despite best efforts. The number of such patients
may be too small for LCTA to detect their trajectories, or they
may come from marginalized communities with limited participa-
tion in the CAPRI Registry. Additionally, because most patients
were followed for less than four years and the posterior probabili-
ties of assignment to a trajectory were often below 0.7, caution
should be exercised in interpreting LCTA results.

In conclusion, this longitudinal assessment of trajectories of
physical function in children with JIA in Canada diagnosed in

2017 to 2024 show that shortly after diagnosis, patients have dif-
ferent levels of functional impairment related to their JIA category
and they improve in function during the first year and subse-
quently stabilize. We identified five JIA data-driven physical func-
tion trajectories with about one in three children having mild
persisting impairments and no trajectories with persisting moder-
ate or severe impairments. At baseline, multiple characteristics
differed across the five trajectories, with patients with more
involved joints and more severe symptoms having less favorable
trajectories. If the KDS is available at baseline, a KDS score ≥1.5
would identify both children with current significant impairments
and about 79% of children who subsequently develop persisting
mild functional impairments. This KDS cutoff may help identify
patients who may benefit from early, intensive targeted rehabilita-
tion intervention.
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Limitations of ultrasonography in the assessment of
aortic involvement in giant cell arteritis: comment on
the article by Bull Haaversen et al

To the Editor:
We read with interest the article entitled “Ultrasonography

compared with computed tomography in identifying thoracic aortic
aneurysms in patients with giant cell arteritis” by Bull Haaversen
et al.1 We congratulate the authors on addressing an important
and clinically challenging question in the care of patients with giant
cell arteritis (GCA). The study demonstrates a correlation between
ultrasonography and computed tomography (CT) measurements
of ascending aortic diameter, leading the authors to conclude that
ultrasonography can be used for screening andmonitoring of aortic
aneurysms in GCA. Although we commend this contribution, we
raise considerations regarding the interpretation and broader clini-
cal implications of these conclusions.

Thoracic aortic aneurysms are generally late-term complica-
tions of GCA, and their incidence increases over time.2 Emerging
radiologic and histopathological evidence support the concept
that aortic aneurysm formation is driven by aortic inflammation.3–5

5 Furthermore, radiologic evidence of active disease in large arter-
ies, including the aorta, has been linked to clinical relapse and
future development of aortic aneurysms.3,6–8 Although ultraso-
nography might be a reasonable modality for assessing the diam-
eter of the ascending aorta, it has important limitations in
detecting and monitoring active inflammatory disease within the
aortic wall as well as in evaluating disease involvement beyond
the ascending aorta. CT angiography (CTA), magnetic resonance
angiography (MRA), and positron emission tomography–CT offer
the advantage of assessing disease activity in the whole aorta by
revealing signs of wall thickening, contrast enhancement, wall
gadolinium uptake, wall edema, and wall hypermetabolism.9 In
the cross-sectional portion of this study, Bull Haaversen et al
identified six patients with descending thoracic aortic aneurysms,
five of whom also had concomitant aneurysms in the ascending
aorta. This observation led the authors to conclude that isolated
descending thoracic aortic aneurysms in GCA are rare and that
ultrasonography is sufficient for aortic aneurysm assessment in
GCA despite its limited ability to visualize the descending aorta.

Estimates of the frequency and distribution of aortic aneu-
rysms in GCA vary across studies, partly due to differences in
study design, imaging modalities, and definitions of aneurysm.
We agree that the ascending aorta is a common site of aortic
aneurysm in GCA; however, isolated descending thoracic
aortic involvement, including aneurysm and dissection, also

occurs.2,3 In a prospective study in GCA, Moreel et al identified

23 patients with aortic aneurysms, of whom 18 had involvement

of the descending thoracic aorta and 6 of the ascending aorta.3

Furthermore, descending thoracic aortic involvement at diagnosis

has been identified as a risk factor for future vascular events.10

The limitation of ultrasonography to visualize the descending tho-

racic aorta is particularly important because advocating for pri-

mary reliance on ultrasonography to assess large-vessel disease

in GCA risks missing potentially life-threatening aortic involve-

ment. Ultrasonography may play an important role in longitudinal

monitoring of known ascending aortic aneurysms in GCA as a

noninvasive and accessible follow-up tool. However, it is our opin-

ion that CTA or MRA should remain the standard modality in

screening for large-vessel involvement in patients with GCA.
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Reply

To the Editor:
We thank the authors for their thoughtful comments and the

opportunity to clarify the aims and implications of our study.1 First,
we would like to emphasize that the main objective of our study
was not to assess disease activity or whole-aorta involvement, or
to monitor inflammatory burden, but rather to compare ultrasono-
graphic measurements of ascending aortic diameter with those from
computed tomography (CT) to assess structural damage, such as
aneurysms. Thus, the authors’ comment that involvement of the
descending thoracic aorta at diagnosis is a risk factor for future vas-
cular events, although beyond the primary aim of our study, high-
lights an important limitation of ultrasonography in assessing the full
extent of aortic disease rather than contradicting our findings.2

We would also like to address the concept of “radiologic evi-
dence of active disease.” At present, there is no consensus defini-
tion across imaging modalities, and the relationship between
imaging findings (eg, wall thickening, contrast enhancement, or
metabolic activity) and clinically meaningful outcomes such as
relapse remain uncertain.3–7 This is reflected in current clinical
practice, in which imaging is not routinely recommended for the
follow-up of patients with giant cell arteritis (GCA).8,9

Although thoracic aortic aneurysms are often assumed to be
late-onset complications in GCA, the temporal relationship between
inflammation and aneurysm formation remains incompletely under-
stood. The finding in our study that 20%of patients already had aneu-
rysms at diagnosis underscores the burden of preexisting structural
vascular damage in GCA. This observation reinforces the need for
accurate and reproducible methods to assess aortic dimensions,
which was the specific focus of our study. Studies suggest that aneu-
rysm development may reflect cumulative vascular damage, but it is

unclear to what extent this is driven by ongoing inflammation versus
other factors such as age-related or degenerative changes. Further-
more, although vascular damagemay occur at sites of prior inflamma-
tion, the predictive value of such findings is limited, with most vascular
territories demonstrating imaging evidence of inflammation not pro-
gressing to structural damage over time.10

We agree that ultrasonography has limitations, particularly in
assessing the descending thoracic aorta. However, this limitation
does not negate the value of ultrasound for assessment of the
ascending aorta, where agreement with CT was high. There is
an unmet need for cost-effective strategies that are readily acces-
sible to screen patients with GCA for long-term structural damage
like aneurysms. Multiple studies indicate that the risk of aneurysm
formation in GCA is primarily confined to the ascending thoracic
aorta, which can be assessed with ultrasonography and echocar-
diography.11 In the study by Moreel et al, in which aneurysms
were reported predominantly in the descending thoracic aorta,
the prevalence of concomitant ascending aortic aneurysms was
not specified. In addition, different diameter thresholds were
applied, with ≥35 mm used for the descending aorta and
≥45 mm for the ascending aorta.12 According to European Soci-
ety of Cardiology guidelines, follow-up of thoracic aortic dilatation
is generally based on comparable diameter thresholds (≥40 mm),
and thus, the results in the study by Moreel et al may be of limited
relevance for clinical follow-up and surveillance decisions.13

The authors state, “[CT angiography] or [magnetic resonance
angiography] should remain the standard modality in screening for
large-vessel involvement in patients with GCA,” and we respectfully
disagree. Although cross-sectional imaging is necessary for com-
prehensive assessment of the entire aorta, current recommenda-
tions support ultrasonography as a first-line modality in GCA.8 We
recognize the limitations in our sample size and study duration and
that a cross-sectional design has inherent constraints. Importantly,
our study does not argue for exclusive reliance on ultrasonography;
rather, it highlights its utility as one of several complementary imag-
ing modalities for evaluating large-vessel disease in GCA. These
questions warrant further investigation. Nevertheless, our study
demonstrates that, within its anatomic limits, ultrasonography pro-
vides reliable measurements of ascending aortic diameter, support-
ing its role as a complementary tool in clinical practice.
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Paper retraction and reviewer constraints: comment
on the article by Vettori and Iudici

To the Editor:
The article by Vettori and Iudici1 is highly significant. They

comprehensively analyzed retracted papers in rheumatology,
and papers from a specific country accounted for approximately
half of them. The most common reasons for retraction involved
misconduct, including peer review issues. The authors empha-
sized adherence to publication ethics, strengthening institutional
oversight, and enhancing journals’ vigilance. I fully agree with their
view. However, they could further emphasize the reviewers’ role. I
wish to describe an additional issue, largely unexplored in this
context, which may complement their findings: practical con-
straints faced by reviewers.

Many experienced reviewers have likely encountered instances

of suspected misconduct during peer review. I have had such expe-

riences. When the review process is single blind, reviewers may

check authors’ names in PubMed to determine whether they have

prior retraction notices and to assess their publication record. A his-

tory of retraction does not in itself indicate misconduct; however,

such contextual information may appropriately heighten vigilance,

particularly when prior misconduct has been documented.
In practice, reviewers may encounter difficulties in accurately

identifying authors. In several populations worldwide, surname con-
centration is high, and author names are often presented in abbrevi-
ated formats (eg, family name plus initial), rendering multiple
individuals indistinguishable. Although affiliations may help clarify
identity, they frequently change. These factors can make it difficult
to determine whether an author has previously been associated with
a retraction due to misconduct. Certain abbreviated names may
recall prior retractions encountered in journals or databases; how-
ever, when surname concentration is high, recognizing that the cur-
rent author is the same individual may not be straightforward.

Although discussed here from a reviewer’s perspective,
these challenges likely extend to editors and journals as well. I
therefore hope that systems enabling more reliable author identifi-
cation can be consistently and widely implemented. The use of
persistent digital identifiers (eg, ORCID) in a user-friendly and
mandatory manner may strengthen traceability, thereby improv-
ing transparency and accountability. As Vettori and Iudici noted,
emerging technologies including artificial intelligence may further
facilitate such efforts.

Reviewers remain an important safeguard against
misconduct, preventing flawed or unethical work from entering
the literature. As Allen2 emphasized in her accompanying edito-
rial, the ultimate purpose of medical publication is to improve
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Paper retraction and reviewer constraints: comment
on the article by Vettori and Iudici

To the Editor:
The article by Vettori and Iudici1 is highly significant. They

comprehensively analyzed retracted papers in rheumatology,
and papers from a specific country accounted for approximately
half of them. The most common reasons for retraction involved
misconduct, including peer review issues. The authors empha-
sized adherence to publication ethics, strengthening institutional
oversight, and enhancing journals’ vigilance. I fully agree with their
view. However, they could further emphasize the reviewers’ role. I
wish to describe an additional issue, largely unexplored in this
context, which may complement their findings: practical con-
straints faced by reviewers.

Many experienced reviewers have likely encountered instances

of suspected misconduct during peer review. I have had such expe-

riences. When the review process is single blind, reviewers may

check authors’ names in PubMed to determine whether they have

prior retraction notices and to assess their publication record. A his-

tory of retraction does not in itself indicate misconduct; however,

such contextual information may appropriately heighten vigilance,

particularly when prior misconduct has been documented.
In practice, reviewers may encounter difficulties in accurately

identifying authors. In several populations worldwide, surname con-
centration is high, and author names are often presented in abbrevi-
ated formats (eg, family name plus initial), rendering multiple
individuals indistinguishable. Although affiliations may help clarify
identity, they frequently change. These factors can make it difficult
to determine whether an author has previously been associated with
a retraction due to misconduct. Certain abbreviated names may
recall prior retractions encountered in journals or databases; how-
ever, when surname concentration is high, recognizing that the cur-
rent author is the same individual may not be straightforward.

Although discussed here from a reviewer’s perspective,
these challenges likely extend to editors and journals as well. I
therefore hope that systems enabling more reliable author identifi-
cation can be consistently and widely implemented. The use of
persistent digital identifiers (eg, ORCID) in a user-friendly and
mandatory manner may strengthen traceability, thereby improv-
ing transparency and accountability. As Vettori and Iudici noted,
emerging technologies including artificial intelligence may further
facilitate such efforts.

Reviewers remain an important safeguard against
misconduct, preventing flawed or unethical work from entering
the literature. As Allen2 emphasized in her accompanying edito-
rial, the ultimate purpose of medical publication is to improve
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patient care; thus, safeguarding integrity is inseparable from pro-
tecting patients. Strengthening reviewers’ ability to perform this
role becomes increasingly important given the rising number of
retractions. Although discussed here in the context of rheumatol-
ogy, these practical constraints are likely not unique to this field.

Two additional considerations merit attention. First, in set-
tings of high surname concentration, structural ambiguity may
unintentionally weaken the deterrent effect that retractions are
expected to exert. Improved traceability may reduce this unin-
tended effect and strengthen accountability. Second, a retraction
does not always indicate misconduct. Some retractions are initi-
ated by authors who identify serious errors that cannot be cor-
rected through reanalysis or replication. As previously reported,3

author-initiated retractions accounted for approximately 5% of all
retractions. These considerations should inform the design of
any enhanced traceability system.
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Reply

To the Editor:
We read with great interest the letter by Matsubara regarding

our article.1 The author raises an important point concerning the

role of reviewers in identifying possible causes of misconduct
and the obstacles related to tracking the publication history of
submitting authors. In particular, it can be difficult to check for
prior retraction notices when the full first name is not available,
particularly in contexts of surname clustering, and when a digital
author identifier is not provided.

We agree with our colleague that ensuring transparency and
limiting cases of misconduct is a challenging task that should
involve multiple stakeholders, including readers, reviewers, edi-
tors, and publishers. Reviewers can contribute to maintaining
research integrity at several levels: avoiding accepting peer review
assignments when conflicts of interest exist, assessing key trans-
parency issues such as prospective trial registration and concor-
dance between registered and reported methodology, verifying
compliance with ethical regulations, evaluating methodologic
rigor, and ensuring transparency regarding funding sources and
author contributions. Equally important is the commitment to
reproducibility, which includes requiring thorough reporting of
methodologies and encouraging data sharing.

We believe that the task of reviewers has become more
demanding in recent years due to the need to identify forms of
misconduct that may be difficult to detect and often require more
sophisticated tools, such as data fabrication, duplication, figure
manipulation, or plagiarism. Moreover, the number of submitted
papers and reviewer invitations is increasing in a context in which
researchers face busy schedules and limited time available for
peer review activities. We agree with Matsubara that implement-
ing reliable tools to identify authors and screen their scientific pro-
duction would represent an important step toward improving the
quality of peer review and that further efforts should be made to
provide such tools to reviewers.

More broadly, improving peer review represents a difficult
task, and the best strategies to implement remain the subject of
ongoing debate.2 Progress will likely require a combination
of complementary approaches aimed at improving reviewer
accountability, increasing awareness of their role in safeguarding
public health, strengthening methodologic expertise, promoting
diversity, fostering more open and transparent processes, and
providing appropriate recognition for peer review activities.
Addressing these different dimensions simultaneously may help
reinforce the trustworthiness and sustainability of peer review in
an increasingly complex scholarly publishing landscape.
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