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Guidelines and recommendations developed and/or endorsed by the American College of Rheumatology (ACR) are
intended to provide guidance for patterns of practice and not to dictate the care of a particular patient. The ACR con-
siders adherence to the recommendations within this guideline to be voluntary, with the ultimate determination regard-
ing their application to be made by the clinician in light of each patient’s individual circumstances. Guidelines and
recommendations are intended to promote beneficial or desirable outcomes but cannot guarantee any specific out-
come. Guidelines and recommendations developed and endorsed by the ACR are subject to periodic revision as war-
ranted by the evolution of medical knowledge, technology, and practice. ACR recommendations are not intended to
dictate payment or insurance decisions, and drug formularies or other third-party analyses that cite ACR guidelines
should state this. These recommendations cannot adequately convey all uncertainties and nuances of patient care.

The ACR is an independent, professional, medical and scientific society that does not guarantee, warrant, or endorse

Objective. To provide evidence-based and expert guidance for the treatment and management of non-renal sys-
temic lupus erythematosus (SLE); treatment and management of lupus nephritis are addressed in a separate guideline.
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Methods. Clinical questions for treatment and management of SLE were developed in the PICO format (population,
intervention, comparator, and outcome). Systematic literature reviews were developed for each PICO question, and the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) methodology was used to assess
evidence quality and formulate recommendations. The Voting Panel achieved a consensus of >70% agreement on the
direction (for or against) and strength (strong or conditional) of each recommendation.

Results. We present recommendations and ungraded, consensus-based good practice statements for the treatment
and management of SLE that are applicable to pediatric and adult patients. Recommendations emphasize uniform treat-
ment with hydroxychloroquine, limiting duration of glucocorticoid use, and early introduction of conventional and/or biologic
immunosuppressive therapies to achieve and maintain control of SLE inflammation (remission or a low level of disease
activity), reduce SLE-related morbidity and mortality, and minimize medication-related toxicities.

Conclusion. This guideline presents direction regarding treatment and management of SLE and provides a founda-
tion for well-informed, shared clinician—patient decision-making. These recommendations should not be used to limit
or deny access to therapies, as treatment decisions may vary due to the unique clinical situation and personal prefer-

ences of each person with SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a clinically hetero-
geneous, multisystem autoimmune disease with a prevalence
of 72.8/100,000 persons in the United States’ and a predi-
lection for reproductive-aged females; prognosis is worse for
those of Black, Hispanic, American Indian/Alaskan Native,
and Asian anoes’[ry.1‘7 Genetic, epigenetic, hormonal, infec-
tious, and environmental factors contribute to its pathogene-
sis. Guidelines for management of SLE in adults were last
published by the American College of Rheumatology in
1999.% Since then, treatment regimens incorporating myco-
phenolate mofetil/mycophenolic acid or lower-dose cyclo-
phosphamide (CYC) have proven effective compared to the
older, higher-dose CYC regimen. Belimumab, voclosporin,
and anifrolumab are US Food and Drug Administration
(FDA)-approved  for  SLE and/or lupus  nephritis
(LN) treatment, and clinical trials are ongoing to identify addi-
tional new therapies. This guideline addresses overall treat-
ment strategies as well as management of specific organ
system manifestations, except for LN which is covered in a
separate guideline.®

These recommendations follow general guiding principles
(Table 1) and are based on systematic literature review, patient
values and preferences, and clinical expertise of a heterogenous
guideline panel, including 31 adult rheumatologists, 5 pediatric
rheumatologists, 2 dermatologists, 1 pediatric dermatologist,
1 rheumatology physician assistant, and 2 people with SLE.

Monterrey, Nuevo Ledn, México; 30Mayo Clinic, Rochester, Minnesota, and
Hospital del Salvador, Santiago, Chile; *'University of California Irvine Medical
Center, Orange; 3?Carolina Arthritis Center, Greenville, North Carolina; **Mas-
sachusetts General Hospital, Boston; 2*Tufts Medical Center, Boston, Massa-
chusetts; 3°Dalhousie University, Halifax, Nova Scotia, Canada;
36Georgetown University Hospital, Washington, DC; ’Mayo Clinic, Rochester,
Minnesota, and Department of Internal Medicine, The American British Cow-
dray Medical Center, I.A.P., Mexico City, Mexico; *®American College of Rheu-
matology, Atlanta, Georgia; 39Washington University, St. Louis, Missouri.

Recommendations are intended to promote optimal out-
comes for common SLE scenarios using therapies available in
the United States as of 2024 and are applicable to the pediatric
population with specific considerations, as noted. In practice,
therapeutic decisions will vary based on clinical presentation,
patient preferences, and limitations in access to specialists, pro-
cedures, and medications.

METHODS

This guideline follows the American College of Rheumatology
(ACR) guideline development process using Grading of Recom-
mendations Assessment, Development, and Evaluation (GRADE)
methodology'®'" and ACR policy that guides the management
of conflicts of interest and disclosures.'? Supplementary Materials
1 includes a detailed description of the methods. The Core Lead-
ership Team (LRS, RAM, AA, BLB, MD, AD, LTH, MBS, VPW)
drafted clinical population, intervention, comparator, and out-
comes (PICO) questions (see Supplementary Materials 2). The Lit-
erature Review Team performed systematic literature reviews for
the PICO questions, graded the quality of evidence (high, moder-
ate, low, very low), and produced the evidence report (see
Supplementary Materials 3). Moderated by three rheumatologists
(SG, LTH, MBS), a Patient Panel of 13 individuals with SLE and
varied organ system manifestations provided their perspectives
on therapy and management; a separate manuscript detailing
the Patient Panel process, discussion, and results is in progress.

Tw-

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.25690).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.25690.

Address correspondence via email to Lisa R. Sammaritano, MD, at
sammaritanol@hss.edu

Submitted for publication May 27, 2025; accepted in revised form
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SIGNIFICANCE

+ Hydroxychloroquine should be standard therapy
for all people with SLE unless contraindicated.

* Glucocorticoids should be used primarily for initial
control of immune-mediated inflammation and during
flares as needed, with tapering as soon as possible.

+ Early introduction of immunosuppressive therapies
(conventional and/or biologic) for ongoing SLE activity
is encouraged to achieve control of SLE inflammation
(remission or a low level of disease activity), reduction
in SLE-related morbidity and mortality, and minimiza-
tion of glucocorticoid-related toxicities.

o Patient Panel members served as Voting Panel members and
shared the Patient Panel’s concerns and preferences. The Voting
Panel reviewed evidence and voted on recommendations derived
from the initial PICO questions; certain recommendations were
rewritten and revoted upon based on Voting Panel discussion.
Per ACR policy, consensus required >70% agreement on both
direction (for or against) and strength (strong or conditional) of
each recommendation. A recommendation is categorized as
strong if the panel was very confident that the benefits of the inter-
vention clearly outweighed its harms, or vice versa. A conditional
recommendation denotes uncertainty regarding the balance of
benefits and harm due to low-quality evidence, or that the deci-
sion is particularly sensitive to individual patient preferences or

Table 1. Guiding Principles*

The goals of SLE treatment are to achieve and maintain SLE
remission or low lupus disease activity, reduce SLE-related morbidity
and mortality, and minimize treatment related toxicities.

Collaborative care between rheumatologists and appropriate
specialists should be provided whenever possible.

Shared decision-making is essential to respect patient values and
preferences and leads to better treatment adherence and outcomes.

Healthcare disparities, including racialized and socioeconomic
disparities, are crucial factors impacting outcomes of those living
with SLE; treatment recommendations are aimed to alleviate
health disparities.

Pediatric-specific guidance is provided when possible.

Some therapies are presented without hierarchy when
evidence-based data, clinical expertise, and patient-reported
experiences do not clearly support the use of one medication
over another; treatment decisions should be individualized to the
patient’s clinical status and preference.

Potential limitations to implementing care recommendations
may arise due to limitations in access to testing, specialists,
procedures, and medications; if recommended therapies are
unavailable, are not tolerated, or are not preferred by patients,
we encourage discussion of reasonable alternative therapies.

Assumptions

- All treatment recommendations assume other appropriate
workups have been done to rule out non-SLE etiologies.

- Organ-specific treatment recommendations assume all patients
are taking hydroxychloroquine unless there is a contraindication
to therapy.

* SLE, systemic lupus erythematosus.

cost constraints. Good practice statements (GPS) were also gen-
erated; these are actionable statements where the desirable
effects clearly outweigh the undesirable effects of an interven-
tion."® Rosters of the Core Leadership Team, Literature Review
Team, Voting Panel, and Patient Panel are included in
Supplementary Materials 4. Search strategies and study selection
details are provided in Supplementary Materials 5 and 6. This
guideline will be reviewed and updated periodically.

Scope

Treatment for all people with SLE regardless of age, ancestry, or
other individual patient variables is presented here. General and
organ-specific treatment recommendations and monitoring are
offered, except for LN, which is addressed in a separate guideline.®
Some SLE-related clinical issues were beyond the scope of this proj-
ect. We do not offer guidance on diagnosis of SLE and do not include
recommendations for treatment of certain broader and/or less well
understood SLE-related issues including “type 2” SLE symptoms,
mental health issues, and antiphospholipid syndrome (APS).

“Type 2 SLE symptoms, including fatigue, generalized pain,
and brain fog, impact quality of life for individuals with SLE'*. The
pathophysiology and optimal treatment of “type 2”” symptoms are
incompletely understood and are acknowledged as a high
research priority; treatment recommendations here address SLE
manifestations that are more clearly mediated through inflamma-
tion (“type 17). Similarly, depression and anxiety — common in
adults, adolescents, and children with SLE — often impact general
well-being for people with SLE.'®"'® No specific recommenda-
tions are offered, but we suggest that routine mood screening
and attention to mental health should ideally be incorporated into
general SLE care, with appropriate referrals to specialists when
indicated. Presence of antiphospholipid antibodies (aPL) impacts
therapy considerations for patients with SLE. This guideline does
not include specific recommendations for APS; while often over-
lapping with SLE, therapy and management of APS are beyond
the scope of this SLE treatment guideline.

Comprehensive management recommendations for com-
mon SLE-associated comorbidities are also considered beyond
the scope of this project, but important adjunct considerations
referencing other guidelines and sources are briefly summarized
as a resource to complement the SLE-directed treatment recom-
mendations. Recommendations regarding SLE treatment options
during pregnancy are not included; they are addressed in the
ACR'’s guideline for the management of reproductive health in
rheumatic and musculoskeletal diseases.’”

RESULTS/RECOMMENDATIONS

Terminology, definitions, and abbreviations are summarized in
Table 2; recommendations and GPS are listed in Table 3. Limitations
in available evidence and heterogeneity in clinical practice patterns
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Table 2. Terminology, definitions and abbreviations™

Terminology

ACR SLE Treatment Guideline Definition

SLE Disease Activity Level
Severe

Moderate
Mild

SLE Disease Activity State
Remission

Low level disease activity

Medication Abbreviations
Anti-CD20-therapy

AZA

Biologic
Immunosuppressive therapy
ccB

CNI

CcYC

Conventional
Immunosuppressive therapy
GC

GPS

HCQ

Immunosuppressive therapy
IVIG

MPAA

MTX

PLEX

Very active disease that may be organ- and/or life-threatening or cause permanent damage or severe symptoms
due to active inflammation

Active, uncontrolled disease that is not immediately life-threatening and/or causes moderate symptoms due to
active inflammation

Active disease that is not immediately organ- or life-threatening and/or causes no more than mild symptoms due
to active inflammation

Symptoms and signs of disease activity are significantly reduced or absent for an extended time.

Specific definitions vary.

Example: DORIS remission:

SLEDAI-2K = 0, Prednisone <5 mg/day, PGA <0.5, stable antimalarials, immunosuppressives, biologics (no
requirement for normal serology)>*

A period with a low level of disease activity with no major organ involvement. Specific definitions vary.

Example: Lupus Low Disease Activity State (LLDAS):

SLEDAI-2K score <4 (with no activity in major organ systems or new/worsening symptoms), prednisone <7.5
mg/d, PGA <1, stable antimalarials, immunosuppressives, biologics®®

Rituximab, obinutuzumab
Azathioprine
IL-1 inhibitor, anti-CD 20 therapy, anifrolumab, belimumab

Calcium-channel blocker

Calcineurin inhibitor

Cyclophosphamide [monthly IV CYC, 0.5-1.0 g/m2]

Azathioprine, calcineurin inhibitors, intravenous cyclophosphamide, mycophenolic acid analogs, methotrexate

Glucocorticoid

Good practice statement

Hydroxychloroquine

Conventional and biologic therapies

Intravenous immunoglobulin G

Mycophenolic acid analogs (including mycophenolate mofetil [MMF] and mycophenolic acid [MPA])
Methotrexate

Plasma exchange

* Terminology, definitions, and abbreviations vary across specialties, guidelines, and clinical trials. Those listed here reflect the consensus of
the Voting Panel as being both reasonable and relevant; however, no systematic analyses were performed, and others may prefer alternative
definitions. ACR, American College of Rheumatology; IL, interleukin; PGA, Physician Global Assessment; SLE, systemic lupus erythematosus;

SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.

among Voting Panel members presented important challenges in
reaching consensus on many recommendations. Explanatory text
throughout the “Results” section addresses this, as well as the ratio-
nale and suggested implementation of the recommendations.

Monitoring SLE

In people with SLE, we conditionally recommend
assessing disease activity regularly, including
when there is a change in clinical status or SLE-
directed medications

Evidence was indirect and extrapolated from data showing
that having a low level of disease activity is associated with better
long-term outcomes.’®'® The frequency of disease activity
assessment was discussed extensively; no agreement was
reached regarding any one specific time interval leading to the
decision to suggest that assessment be done regularly. The Vot-
ing Panel felt that while this will most often mean assessment at

each follow-up visit, this acknowledges that timing will vary
according to the type, severity, and rate of progression of SLE
clinical manifestations. The Voting Panel prefers using a version
of the Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI?® to measure disease activity, conceding the challenge
of administration in daily practice e.g., limitations in electronic
medical record (EMR) infrastructure, provider burden, and time
constraints. A physician’s global assessment is also acceptable.
The Voting Panel acknowledges the importance of information
provided through patient-reported outcome tools as suggested
by the ACR.?’

In people with SLE, we conditionally recommend
assessing disease damage at least annually

Damage accrual is associated with increased mortality.?>2>

Damage assessment involves tools such as the Systemic Lupus
International  Collaborating Clinics ACR Damage Index (SLICC/
ACR-DI? that evaluate long-term effects of both disease and
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Table 3. Recommendations and Good Practice Statements*. Color table can be viewed in the online issue, which is available at http://online
library.wiley.com/doi/10.1002/acr.25690/abstract

Recommendations and Good Practice Statements Strength Level of Evidence PICO No.

Note: We suggest referring to the explanatory text throughout the “Results” section for each statement below, for details regarding rationale, development,
and implementation of the recommendations and good practice statements.

Monitoring
In people with SLE, we conditionally recommend:
Assessing disease activity regularly, including when there is a Conditional Very Low P26a
change in clinical status or SLE-directed medications.
Assessing disease damage at least annually. Conditional Very Low P26b

Comorbidities and Risk Management
GPS: All people with SLE should receive screening, monitoring, and management for comorbid conditions associated with SLE and its therapies (including
infection, cardiovascular disease, bone and joint damage, malignancy, reproductive health complications, and presence of antiphospholipid antibodies.
(Table 4).
Medication Guidance and Treatment Goals
GPS: The goal of SLE treatment should be optimal control of disease (e.g., remission or a low level of disease activity) to improve long-term clinical
outcomes.
GPS: Prescribe glucocorticoids promptly to obtain rapid control of acute inflammation using the lowest dose and shortest duration necessary and initiate
immunosuppressive therapy early to minimize glucocorticoid-related toxicity.
Glucocorticoid therapy:
In people with SLE:
With organ- or life-threatening SLE flares:
...We conditionally recommend pulse methylprednisolone Conditional Very low P29.1
treatment (250-1,000 mg for 1-3 days) followed by oral
glucocorticoid taper over high-dose oral glucocorticoid taper
without pulse treatment.
With stable controlled SLE on prednisone >5 mg/day:
...We strongly recommend tapering the prednisone to a dose of <5 Strong Low p28.1
mg daily (and ideally to zero) within 6 months.
With sustained remission on prednisone <5 mg/day:

...We conditionally recommend a slow taper toward zero. Conditional Very low P32.1
Who are unable to taper prednisone to <5 mg/day:
...We conditionally recommend initiating or escalating Conditional Very low P30.1, P31.1

immunosuppressive therapy.
Hydroxychloroquine therapy:

In people with SLE, we strongly recommend routine treatment with Strong Very low to Moderate P35.1
HCQ unless contraindicated.
In people with SLE, we conditionally recommend continuing HCQ Conditional Low P36.3, P36.4

therapy indefinitely, even in the setting of sustained remission.

In people with SLE receiving HCQ therapy:

...We conditionally recommend a long-term average daily HCQ dose Conditional Very low to Low P33.1
goal of <5 mg/kg over a dose goal of >5 mg/kg to minimize retinal
toxicity; use of short courses of higher dose (between 5 and 6.5
mg/kg/d) therapy may be necessary at initiation of treatment or
to maintain disease control.

Immunosuppressive therapy:

In people with SLE with sustained clinical remission or low disease
activity:

...We conditionally recommend tapering immunosuppressive Conditional Low P36.1, P36.2
therapy after 3-5 years with the goal of discontinuation.

General treatment strategies

GPS: People with active SLE symptoms should be diagnosed and treated promptly, with severity of lupus activity guiding intensity and choice of therapy.

GPS: When multiple organ systems are involved at onset or during a flare of SLE, therapy should be directed toward all manifestations but should prioritize
areas at greatest risk for irreversible damage.

GPS: Organ- or life-threatening SLE should be treated urgently/emergently with aggressive therapy (e.g., pulse/high-dose glucocorticoid and
immunosuppressive therapy), including consideration of combination therapies, as time may not permit sequential therapy; the clinical situation and
patient’s preference should guide the specific combination therapy.

GPS: When medications, procedures, and surgeries beyond the scope of rheumatology practice are considered, the decision to proceed with such therapies
requires multidisciplinary discussion between the rheumatologist and the relevant specialists/proceduralists/surgeons.

GPS: When clinical or serologic findings suggest an additional diagnosis or overlap with SLE (e.g., aquaporin-4 antibodies in setting of known SLE and new
onset transverse myelitis or optic neuritis), therapy should be adjusted if necessary, depending upon which process is predominant and in consultation
with the relevant specialist(s).

Organ-specific manifestations*

For ongoing SLE disease activity in any organ system(s) refractory to

initial therapy,

(Continued)
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Table 3. (Cont’d)

Recommendations and Good Practice Statements Strength Level of Evidence PICO No.
...We strongly recommend escalation of therapy. Strong Very low to Moderate P37.1-P65.1
Hematologic
Leukopenia: For asymptomatic neutropenia and/or lymphopenia Conditional Against Very Low P37.1-3

(absolute counts <1,000/mcL for either) attributed to SLE
...We conditionally recommend ggainst initiating
immunosuppressive treatment (glucocorticoids, conventional or
biologic immunosuppressants) in the absence of other lupus
disease activity.
Thrombocytopenia: For chronic asymptomatic thrombocytopenia
(<30,000/mcL) attributed to SLE
...We conditionally recommend initiation of glucocorticoid with an Conditional Very Low P38.1-5
additional therapy (MPAA, AZA, CNI, anti-CD 20 agents,
belimumab and/or IVIG) over observation or glucocorticoid
monotherapy.
Thrombocytopenia: For symptomatic thrombocytopenia (i.e., active
significant bleeding) attributed to SLE:
...We conditionally recommend initial glucocorticoid therapy with Conditional Very Low P39.1-8
addition of IVIG and/or anti-CD20 therapy over the addition of
conventional immunosuppressive agents.
Hemolytic Anemia: For symptomatic autoimmune hemolytic
anemia (i.e., ischemic manifestations and/or hemodynamic
instability) attributed to SLE:
...We conditionally recommend initial glucocorticoid therapy with Conditional Very Low P40.1-8
addition of IVIG and/or anti-CD20 therapy over the addition of
conventional immunosuppressive agents.
Neuropsychiatric
Severe neuropsychiatric syndromes:
For Active lupus optic neuritis -OR-
Lupus acute confusional state -OR-
Active lupus mononeuritis multiplex:

...We conditionally recommend initial therapy with pulse/high-dose Conditional Very Low P42.1-4
glucocorticoid taper plus immunosuppressive therapy with IV P44.1-4
CYC, MPAA, or anti-CD20 therapy over pulse/high-dose P46.1-3

glucocorticoid monotherapy alone.

For active lupus myelitis:

...We conditionally recommend initial therapy with pulse/high-dose Conditional Very Low P41.1-4
glucocorticoid and IV CYC over pulse/high-dose glucocorticoid
combined with other (non-CYC) immunosuppressive agents.

For active lupus psychosis:

...We conditionally recommend anti-psychotic therapy plus Conditional Very Low P45.1
glucocorticoid, IV CYC, MPAA, or anti-CD20 therapy over anti-
psychotic therapy alone.

Seizure: For seizures attributed to active SLE:

...We conditionally recommend anti-seizure medication plus Conditional Very Low P43.1, P43.2
glucocorticoid, CYC, MPAA, AZA, and/or anti-CD20 over anti-
seizure medication alone.

Cognitive dysfunction: For isolated cognitive dysfunction attributed
to SLE and documented by neuropsychological testing:

..We conditionally recommend ggainst adding immunosuppressive Conditional Against Very Low P48.1, P48.2
therapy (including glucocorticoid) to cognitive therapy over using
cognitive therapy alone.

Cutaneous/mucocutaneous

GPS: People with SLE should be educated on the use of sunscreen and other sun-protection measures to reduce risk of rash and potential disease flare.

GPS: Initial therapy for cutaneous lupus rash—in addition to HCQ—should be topical, including glucocorticoid and/or calcineurin inhibitors (Table 6);
initial therapy may also include a course of intralesional glucocorticoid with dermatology and/or a brief, limited course of oral glucocorticoid.

Acute, subacute and chronic cutaneous lupus:

For mild, ongoing skin-predominant lupus despite treatment with
HCQ and/or topical therapies:

...We conditionally recommend modifying antimalarial therapy Conditional Very low P50.1, P50.2 P51.1,
(adding quinacrine or switching to chloroquine) over adding an P51.2
immunosuppressive agent.

(Continued)



2025 ACR GUIDELINE FOR SLE

821

Table 3. (Cont’d)

Recommendations and Good Practice Statements

Strength

Level of Evidence

PICO No.

For ongoing moderate-severe cutaneous lupus refractory to topical
and antimalarial therapies, and/or oral glucocorticoid
necessitating escalation of therapy

...We conditionally recommend the addition of MTX, MPAA,
anifrolumab, and/or belimumab.

For ongoing moderate-severe cutaneous lupus refractory to topical
therapies, antimalarials, and conventional and/or biologic
immunosuppressive agents necessitating escalation of therapy:

...We conditionally recommend adding or substituting
lenalidomide.

Bullous lupus erythematosus:

For mild ongoing bullous lupus despite treatment with topical
therapies and antimalarial therapies:

...We conditionally recommend the initial addition of dapsone over
initiation of glucocorticoid.

For moderate-severe bullous lupus refractory to topical therapies,
antimalarials, and/or oral glucocorticoid necessitating escalation
of therapy:

...We conditionally recommend adding a conventional
immunosuppressive agent (MPAA, MTX, AZA) and/or anti-CD-20
therapy.

Chilblain lupus:

For chilblain lupus despite symptomatic, topical, and antimalarial
therapies (including quinacrine):

...We conditionally recommend the addition of pentoxifylline, PDE5
inhibitors (e.g., sildenafil, tadalafil) and/or calcium channel blockers
(e.g, nifedipine) over initiation of immunosuppressive therapies.

Leukocytoclastic vasculitis:

For ongoing mild cutaneous vasculitis despite topical and
antimalarial therapies:

...We conditionally recommend addition of dapsone or colchicine
over immunosuppressive therapies including oral glucocorticoid.

Serositis

Pleuropericarditis:

For lupus pleuropericarditis:

...We conditionally recommend initial treatment with NSAID,
colchicine, or their combination, with a low threshold for
escalation to glucocorticoid therapy over initiating glucocorticoid
therapy alone.

For ongoing/recurrent episodes of lupus pleuropericarditis despite
treatment with HCQ, NSAIDs, colchicine, and/or glucocorticoids
necessitating escalation of therapy:

...We conditionally recommend conventional (MPAA, AZA) or
biologic immunosuppressive therapies.

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Musculoskeletal
GPS: Initial therapy for acute or recurrent episodes of inflammatory arthritis in people with SLE may include a course of NSAID or a limited course of oral
glucocorticoid while waiting for recommended long-term therapies to take effect.

Arthritis:

For persistent or recurrent active SLE arthritis on HCQ, regardless
of prior/current NSAIDs or short-term glucocorticoid therapy:
...We conditionally recommend initial therapy with MTX, MPAA, or AZA,

with a low threshold to add or substitute with belimumab or
anifrolumab for inadequate response over initial biologic therapy.

Systemic Vasculitis

For vasculitis attributed to active SLE:

...We conditionally recommend initial therapy with pulse/high-dose
glucocorticoid taper and conventional (IV CYC, MPAA, AZA) or
biologic (anti-CD 20 therapy, belimumab, anifrolumab) immuno-
suppressive therapy over glucocorticoid monotherapy alone.

For severe vasculitis attributed to SLE:

...We conditionally recommend IV CYC or anti-CD20 therapy as
initial therapy over other immunosuppressive therapies.

Conditional

Conditional

Conditional

Very low to Moderate

Very low

Very low

Very low

Very low

Very low

Very low

Very low

Very low to Low

Very low to Low

Very low

P50.3 P51.5, P51.7

P51.6

P52.1

P52.2, P52.3

P53.1-P53.5

P54.4, P54.5

pP57.1,
P58.2

P58.3
P58.4

P60.1-5

P61.1-5

P63.1-3

P63.2, P63.3

(Continued)
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Recommendations and Good Practice Statements Strength Level of Evidence PICO No.
For life-threatening vasculitis attributed to active SLE (e.g., diffuse
alveolar hemorrhage or mesenteric vasculitis):
...We conditionally recommend the addition of PLEX and/or IVIG to Conditional Very low P63.4
pulse/high-dose glucocorticoid taper and immunosuppressive
therapy over glucocorticoid and immunosuppressive therapy alone.
Cardiopulmonary
Myocarditis:
For lupus myocarditis that is acute and/or worsening:
...We conditionally recommend treatment with glucocorticoid and Conditional Very low P64.1
IV CYC, MPAA, anti-CD20 therapy, and/or IVIG over glucocorticoid
monotherapy.
Non-bacterial (Libman-Sacks) endocarditis:
For non-bacterial (Libman-Sacks) endocarditis: Conditional Very low P65.1

...We conditionally recommend immunosuppressive therapy and/
or anticoagulation.

* Treatment and management of lupus nepbhritis is addressed in the 2024 American College of Rheumatology Guideline for the Screening,
Treatment, and Management of Lupus Nephritis.” AZA, azathioprine; CNI, calcineurin inhibitor; CYC, cyclophosphamide; GPS, good practice
statement; HCQ, hydroxychloroquine; IVIG, intravenous Ig; MTX, methotrexate; MPAA, mycophenolic acid analogs; NSAID, non-steroidal anti-
inflammatory drugs; PDE5, phosphodiesterase type 5; PICO, population, intervention, comparator, and outcome; PLEX, plasma exchange;

SLE, systemic lupus erythematosus.

medication toxicities. The process of formally assessing damage cri-
teria can serve to identify individual vulnerabilities and prompt
changes in therapy or management; it can also guide discussion of
prognosis. Yearly evaluation is favored, especially for pediatric/
adolescent patients who are undergoing rapid physical
development.?*

Comorbidities and Risk Management

GPS: All people with SLE should receive appropriate
screening, monitoring, and management for
comorbid conditions associated with SLE and its
therapies

SLE and its therapies are associated with infection, cardio-
vascular disease, bone and joint damage (e.g., osteoporosis,
avascular necrosis), malignancy, and reproductive health com-
plications. aPL may increase risk for certain disease manifesta-
tions and disease damage;®® accordingly, aPL assessment
should be included in comorbidity screening. Promoting a
healthy diet, sleep hygiene, and physical activity for people with
SLE is important. Reduced comorbidity risk and improved
management are ideally achieved by collaboration with primary
care providers and relevant subspecialists. We do not provide
formal recommendations addressing comorbidities due to
scope limitations but do include a summary of general sugges-
tions with relevant references in Table 4. We emphasize that
these suggestions are based on outside sources: they are not
formal recommendations. Table 4 is included to provide conve-
nient access to relevant information for the clinician, and as a

reminder to incorporate comorbidity management into general
SLE care.

Medication Guidance and Treatment Goals

Glucocorticoids, antimalarials, and conventional and bio-
logic immunosuppressive therapies are the cornerstones of
treatment for people with SLE, aimed at reducing disease
activity while limiting treatment toxicity (Figure 1). Adherence
to antimalarial therapy should be assessed when any change
in medication use is anticipated. Table 5 reviews monitoring
and dosing for commonly used SLE medications. Table 5
presents supporting information that is relevant to but not
part of our formal recommendations with the goal of providing
convenient access to these published suggestions from out-
side sources. Prescribing and monitoring should be tailored
to individual clinical situations.

GPS: Treatment for SLE should be directed toward
optimal control of disease (remission or low level of
disease activity) in order to improve long-term
clinical outcomes

Prolonged medication-free remission is rare in SLE;?®
however, remission or low disease activity on stable antimalar-
ial and immunosuppressive therapies with low-dose (or no) glu-
cocorticoid are often attainable. Routine implementation of a
treat-to-target (T2T) strategy is an important future goal for
SLE management.?’~%2 T2T involves a formal process of ongo-
ing treatment adjustments to attain a well-defined, clinically
meaningful goal, and has been recommended by the ACR for
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Table 4. Suggestions for adjunctive therapies and management of comorbidities*

Suggested Comorbidity Guidance and Management

General
Lifestyle®? Physical activity, sleep hygiene, and therapeutic exercise
Photoprotection
Smoking cessation
Psychosocial interventions
a. EULAR recommendations for the non-pharmacological management of systemic lupus erythematosus and systemic sclerosis. Parodis |, et al. Ann
Rheum Dis 2024,83:720.
b. Recommendations for physical activity and exercise in persons living with Systemic Lupus Erythematosus (SLE): consensus by an international task force.
Blaess J, et al. RMD Open 2024;10:e004171.
Cardiovascular Health
ASCVD risk: SLE is a “risk-enhancing factor™:
Assess using risk calculator and manage traditional risk factors®?;
¢. 2019 ACC/AHA guideline on the primary prevention of cardiovascular disease: executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Arnett DK; et al. | Am College Cardiol. 2019,74:1376.
d. The use of risk-enhancing factors to personalize ASCVD risk assessment: evidence and recommendations from the 2018 AHA/ACC multi-
society cholesterol guidelines. Agarwala A, et al. Curr Cardio Risk Rep 2019;13:1.
Infection Screening
HBV General: All adults at least once in lifetime®
All people with SLE before immunosuppressive therapy (including glucocorticoid
according to dose/duration)
HCV General: All adults at least once in lifetime (except where HCV prevalence is <0.1%)°
Consider for all people with SLE before immunosuppressive therapy (including
glucocorticoid according to dose/duration)’
Tuberculosis Adults: Before biologic (and targeted synthetic) immunosuppressivess;
Consider before conventional immunosuppressives, other immunosuppressives
and/or glucocorticoids (according to dose/duration)
Children and adolescents: Before biologic immunosuppressives”
HIV Adults: Before biologic immunosuppressives’
Consider before conventional (and targeted synthetic) immunosuppressives, other
immunosuppressives and/or glucocorticoids (according to dose/duration)’
e. Centers for Disease Control and Prevention
f. 2022 EULAR recommendations for screening and prophylaxis of chronic and opportunistic infections in adults with autoimmune
inflammatory rheumatic diseases. fragoulis GE, et al. Ann Rheumn Dis 2023,82:742-753.
g. United States Preventive Services Taskforce
h. American Academy of Pediatrics
Vaccinations

High-dose influenza, >18 years of age on immunosuppressive therapy'

Pneumococcal,

Recombinant VZV

CcoviD-19 All ages >6 months if moderately/severely immunocompromised (initial and
boosters)®

RSV Adults 60-74 years if increased risk; includes immunocompromised individuals®

HBV Adults 19-59 years®

Adults >60 years with risk factors
Children/adolescents <19 years
HPV Adults >26 years and <45 years on immunosuppressive therapy (if not previously
vaccinated)'
All children/adolescents/young adults (9-26 years)®
e. Centers for Disease Control and Prevention
i. 2022 American College of Rheumatology guideline for vaccinations in patients with rheumatic and musculoskeletal diseases. Bass AR, et al.
Arthritis Care Res (Hoboken) 2023;75:449-464.
Infection Prophylaxis
PIP Consider for all people on high-dose glucocorticoid (daily dose >15-30mg of
prednisolone or equivalent for >2-4 weeks")
Note: Prophylaxis considered controversial outside of organ transplant’; rates in
people with SLE are very low (0.4%)"
Higher risk:
Glucocorticoid in combination with immunosuppressives’
Underlying interstitial lung disease’
Lymphopenia <500
HBV/ Determine by both hepatitis B serologic profile and immunosuppressive regimen’
Serologic profiles:

(Continued)
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Suggested Comorbidity Guidance and Management

Higher risk: HBsAg positive and anti-HBc positive.
Lower risk: HBsAg negative and anti-HBc positive
Immunosuppressive regimens:
Prophylaxis for high reactivation risk therapy (>10%) including treatment with:
B-cell depleting therapy
Moderate- to high-dose glucocorticoid (>20 mg daily for > 4 weeks)
Consider prophylaxis for moderate reactivation risk therapy (1-10%) including
treatment with:
+ TNF-inhibitors
Other cytokine inhibitors
Monitor only for low reactivation risk therapy (<1%) including treatment with:
Conventional immunosuppressives
f. 2022 EULAR recommendations for screening and prophylaxis of chronic and opportunistic infections in adults with autoimmune
inflammatory rheumatic diseases. fragoulis GE, et al. Ann Rheum Dis 2023,82:742-753.
J. Risk factors and prevention of Pneumocystis jirovecii pneumonia in patients with autoimmune and inflammatory diseases. Ghembaza A, et al.
Chest 2020,158:2323-2332.
k. Rates of Pneumocystis jirovecii pneumonia and prophylaxis prescribing patterns in a large electronic health record cohort of patients with
systemic lupus erythematosus. Boone B, et al. Sem Arthritis Rheum 2022,57:152106.
. American Gastroenterological Association Institute technical review on prevention and treatment of hepatitis B virus reactivation during
immunosuppressive drug therapy. Perrillo RP, et al. Gastroenterology 2015;148:221-244.¢3.

Bone health

No chronic GC& Screen all women 65 years and older
Screen postmenopausal women <65 years at risk
No recommendations for men

GC>2.5 mg pred > 3 mo™

Screening >40 years: FRAX and BMD with vertebral fracture assessment or spinal x-rays
<40 years: BMD with vertebral fracture assessment or spinal x-rays

Therapy Assess fracture risk as per ACR guideline

Offer oral bisphosphonates (or alternative) to all with medium or higher fracture risk.
For very high risk, consider denosumab or parathyroid hormone/ parathyroid
hormone-related protein over bisphosphonates.
g. United States Preventive Services Taskforce
m. 2022 American College of Rheumatology Guideline for the Prevention and Treatment of Glucocorticoid-Induced Osteoporosis. Humphrey MB,
et al. Arthritis Rheumatol 2023,75:2088-2102.
Cancer screening

General™® All general population screening measures should be observed
Consider urine cytology screening if prior CYC therapy
Cervical cancer™? Enhanced screening protocol:

All women with SLE, regardless of immunosuppressive use, should follow screening
guidelines for HIV-infected women®
n. European League Against Rheumatism recommendations for monitoring patients with systemic lupus erythematosus in clinical practice and
in observational studies. Mosca M, et al. Ann Rheum Dis 2010;69:1269-1274.
0. Managing cancer risk in patients with systemic lupus erythematous. Ladouceur A et al. Expert Rev Clin Immunol 2018,14:793-802.
p. Guidelines for cervical cancer screening in immunosuppressed women without HIV infection. Moscicki AB, et al. | Low Genit Tract Dis 2019;23.87-
101.
g. New WHO recommendations on screening and treatment to prevent cervical cancer among women living with HIV: policy brief. World Health
Organization; 2021.

Reproductive health
Contraception" IUD or subdermal progestin implant preferred

No estrogen-containing methods if active disease or aPL-positive

IUD or 2 methods if taking MPAA
Fertility" Defer assisted reproductive therapy if active SLE

Low molecular weight heparin for ovarian stimulation in aPL+ patients

Fertility preservation with monthly IV CYC:

Females: Gonadotropin-releasing hormone agonist co-therapy
Males: consider pre-treatment sperm cryopreservation

Pregnancy” Defer pregnancy if active SLE

Avoid pregnancy if significant organ damage

Attempt conception after stable/low disease activity on pregnancy compatible-

medications for 4-6 months

Low-dose aspirin for preeclampsia prophylaxis

Hydroxychloroquine (if not contraindicated)

Assess, monitor, and treat for aPL and anti-Ro/La antibodies

(Continued)
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Table 4. (Cont’d)

Suggested Comorbidity Guidance and Management

Menopause" Avoid hormone replacement therapy if active SLE or aPL-positive

r. 2020 American College of Rheumatology guideline for the management of reproductive health in rheumatic and musculoskeletal diseases.
Sammaritano LR, et al. Arthritis Rheumatol 2020;72:529-556.

Medication toxicity

Glucocorticoid Assess for glucocorticoid withdrawal syndrome and adrenal insufficiency with taper
which may mimic nonspecific SLE symptoms®

s. European Society of Endocrinology and Endocrine Society Joint Clinical Guideline: Diagnosis and therapy of glucocorticoid-induced adrenal

insufficiency. Beuschlein F, et al. Eur | Endocrinol 2024,190:G25-G51.

* This table is a synthesis of published sources, some with limited data and/or differing recommendations, and was constructed with input
from SLE Guideline Team members. We present suggestions (with reference to outside sources) to guide screening and management of com-
mon comorbidities. These are suggestions only; they are not formal recommendations. Care for individuals with SLE will vary based on their
clinical situation and personal preferences. References and guidelines cited here are the most current sources available at the time of guideline
preparation and will be updated when this guideline is revised; however, be aware that revisions of these sources may be published in the
interim.

The vaccine summary here includes recommendations for immunizations deemed relevant to SLE and is not comprehensive. Children and
adolescents with cSLE are more likely to have delays in their vaccine schedule due to immunosuppressive medications; consult the CDC web-
site for recommendations: https://www.cdc.gov/vaccines/?CDC_AAref_Val=https://www.cdc.gov/vaccines/schedules/hcp/schedule-changes.
html#guidance.

ACC, American College of Cardiology; ACR, American College of Rheumatology; AHA, American Heart Association; aPL, antiphospholipid anti-
bodies; ASCVD, atherosclerotic cardiovascular disease; BMD, bone mineral density; cSLE, childhood-onset SLE; CYC, cyclophosphamide; FRAX,
fracture risk assessment tool; GC, glucocorticoid; HBc, hepatitis B core; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis
Cvirus; HIV, human immunodeficiency virus; HPV, human papilloma virus; IV, intravenous; IUD, intrauterine device; MPAA, mycophenolic acid
analogs; PJP, Pneumocystis jirovecii pneumonia; RSV, respiratory syncytial virus; SLE, systemic lupus erythematosus; TNF, tumor necrosis factor;
VZV, varicella zoster virus.

treatment of rheumatoid arthritis.®® DORIS remission and the
Lupus Low Disease Activity State (LLDAS)?®3* definitions
(Table 2) are the most widely accepted validated clinical goals
for SLE, however, evidence from randomized trials of T2T for
SLE are not yet available. SLE disease modification,
i.e., slowing or preventing organ damage, remains an emerging
concept.30:31:35

In people with stable controlled SLE taking
prednisone >5 mg/day we strongly recommend
tapering the prednisone to a dose of <5 mg/day
(and ideally discontinue prednisone) within

6 months

In people with sustained remission taking
prednisone <5 mg/day, we conditionally
recommend a slow taper toward prednisone
discontinuation

Glucocorticoid Therapy In people unable to taper prednisone to <5

mg/day, we conditionally recommend initiating or

GPS: Prescribe glucocorticoids promptly to obtain A .
escalating immunosuppressive therapy

rapid control of inflammation using the lowest dose
for the shortest duration and initiate
immunosuppressive therapy early to minimize
glucocorticoid-related toxicity

Risks of glucocorticoid toxicity led to a strong recommendation
to taper glucocorticoids quickly to avoid long-term exposure.®®
Tapering off glucocorticoids completely (with addition of immunosup-
pressive therapy when unable to do so) is recommended because
even low-dose long term glucocorticoid confers risk.®® The recom-
mendation to taper off completely is conditional because the balance
of benefit and harm will vary depending on individual risks as well as
personal preferences.®® For individuals with stable controlled disease

In people with organ- or life-threatening SLE
flares, we conditionally recommend pulse
methylprednisolone treatment (250 - 1,000 mg for
1-3 days) followed by oral glucocorticoid taper
over high-dose oral glucocorticoid taper without

pulse treatment

Glucocorticoids provide rapid suppression of SLE disease
activity, but side effects may lead to significant toxicity.***" Intrave-
nous (IV) glucocorticoids have a more rapid onset of action than oral
preparations and are preferred for life- or organ-threatening manifes-
tations of SLE, such as transverse myelitis or severe thrombocytope-
nia; however, Voting Panel members acknowledged that challenges
with access to infusion centers may limit their outpatient use.

we strongly discourage a chronic daily dose of >5 mg due to the well-
recognized harms of chronic therapy. Even for those in clinical remis-
sion, (i.e., DORIS remission, which permits 5 mg/d prednisone), we
encourage an effort to reduce or stop prednisone. A slow taper in
1 mg increments from a low prednisone dose such as 5 mg/day, with
continued hydroxychloroquine (HCQ) or other therapies, may permit
discontinuation.*®~*2 Glucocorticoid withdrawal syndrome and adre-
nal insufficiency may be confused with nonspecific SLE symptoms
and may impact the ability to taper off glucocorticoid therapy.*®


https://www.cdc.gov/vaccines/?CDC_AAref_Val=https://www.cdc.gov/vaccines/schedules/hcp/schedule-changes.html#guidance
https://www.cdc.gov/vaccines/?CDC_AAref_Val=https://www.cdc.gov/vaccines/schedules/hcp/schedule-changes.html#guidance
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Hydroxychloroquine therapy

In people with SLE, we strongly recommend
routine treatment with HCQ unless
contraindicated

In people with SLE, we conditionally recommend
continuing HCQ therapy indefinitely, even in the
setting of sustained remission

In people with SLE receiving HCQ therapy, we
conditionally recommend a long-term average
daily HCQ dose goal of <5 mg/kg over a dose goal
of >5 mg/kg to minimize retinal toxicity; use of
short courses of higher dose (between 5 and 6.5
mg/kg/d) therapy may be necessary at initiation
of treatment or to maintain disease control

Hydroxychloroquine is preferred over other antimalarials due
to its better safety profie,** although use of other antimalarials
may be considered. Due to its multiple benefits, continuing HCQ
with appropriate monitoring (Table 5) is strongly recommended,
even during remission. Level of certainty for evidence varied from
very low to moderate for differing outcomes; it was moderate for
complete and partial response (Supplementary Materials 3). A
maintenance goal of <5 mg/kg/day is endorsed to minimize
long-term toxicity. Higher doses (between 5 and 6.5 mg/kg/day)
may be justified for shorter term use, i.e., when initiating therapy,
addressing periods of incomplete disease control, or during
pregnancy.*®~*® Routine screening for HCQ retinopathy is impor-
tant for all long-term HCQ users to mitigate the risk of vision loss,
as it can identify asymptomatic, early-stage retinopathy.*”*° The
recommendation for indefinite use of HCQ is conditional; fur-
ther research is needed to determine benefits versus harms.
Given challenges in testing methodologies and interpretation,
no consensus was reached on the optimal use of HCQ blood
levels for guiding therapy. The primary utility of HCQ blood level
monitoring presently lies in assessing adherence. As HCQ test-
ing becomes more standardized and available, blood levels
may inform medication dosing in the future.

Immunosuppressive Therapy

In people with SLE with sustained clinical
remission or with low disease activity, we
conditionally recommend tapering
immunosuppressive therapy after 3-5 years, with
the goal of discontinuation

The decision for discontinuation of immunosuppressive ther-
apy should be based on individual risk for recurrence of active dis-
ease, severity of organ system involvement, and patient
preference. Withdrawal of mycophenolate mofetil in individuals

with quiescent SLE did not result in a higher rate of clinically signif-
icant disease reactivation in a randomized controlled trial.*°

Pediatric considerations regarding medication
guidance and treatment goals

This guideline is broadly applicable to childhood-onset
SLE with specific considerations. A pediatric rheumatologist
should be consulted, when possible, especially in highly com-
plex or acutely ill patients. The combination of severe disease
onset in youth necessitating high glucocorticoid exposure and
its associated comorbidities can diminish peak bone mass,
reduce adult height, and alter pubertal development.®'%? Glu-
cocorticoids impact physical appearance, influencing self-
identity and mood.®® Applying pediatric specific glucocorticoid
dosing is important to minimize glucocorticoid adverse
effects.®® School attendance and performance should be
assessed regularly for potential support with pharmacologic
and non-pharmacologic intervention, as they can influence
long-term vocational outcomes.®® We recommend a planned
transition to adult care to decrease risks of unscheduled health
care utilization, care gaps, and disease flares.5'-52:56-59

Organ-Specific Manifestations

Good practice statements and recommendations address
both overall disease activity and specific organ system manifesta-
tions. For each organ system, GPS are listed first followed by
recommendations.

GPS: People with active SLE symptoms should be
treated promptly, with degree and type of lupus
activity guiding intensity and choice of therapy

GPS: When multiple organ systems are involved at
onset or during a flare of SLE, therapy should
prioritize life-threatening systems or areas at
greatest risk for irreversible damage

While it is important to identify optimal therapy for any given
lupus manifestation, it is most common for multiple organ sys-
tems to be affected during a flare. For this reason, many of the
good practice statements and recommendations in this guideline
are general in scope and address broad tenets of multisystem
therapy. Recommendations are provided to address organ spe-
cific manifestations where possible; these will be most useful
when one organ system predominates. We suggest prioritizing
life-threatening involvement and/or risk for irreversible damage
when reconciling treatment recommendations that may have var-
iable effectiveness for different organ systems in the setting of
multi-organ involvement. We acknowledge, however, that this is
a major challenge in management of SLE, and include this as a
future research priority (Supplementary Materials 7).
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GPS: Organ-or life-threatening SLE should be treated
urgently/emergently with aggressive therapy (e.g.,
pulse/high-dose glucocorticoid and
immunosuppressive therapy), including
consideration of combination therapies, as time may
not permit sequential therapy; the clinical situation
and patient’s preference should guide the specific
combination therapy

GPS: When medications, procedures, and surgeries
beyond the scope of rheumatology practice are
considered, the decision to proceed requires
multidisciplinary discussion between the
rheumatologist and the relevant specialists/
proceduralists/surgeons

GPS: Adjust therapy when clinical or serologic findings
suggest an additional diagnosis or overlap with SLE
(e.g., aquaporin-4 antibodies in setting of known SLE
and new onset transverse myelitis or optic neuritis),
depending upon which process is predominant and in
consultation with the relevant specialist(s)

For ongoing SLE disease activity in any organ
system(s) refractory to initial therapy, we strongly
recommend escalation of therapy over continuing
the current therapy

The Voting Panel strongly recommends escalating treatment for
ongoing, nonresponsive disease activity in any organ system. All
members agreed upon the dual priorities of rapid and effective con-
trol of immune-mediated manifestations while minimizing glucocorti-
coid use. Organ-specific recommendations for specific therapies,
however, are conditional for several reasons. Available evidence for
organ-specific manifestations has lower certainty, with data stem-
ming from observational studies or post-hoc analyses of randomized
controlled trials. Studies often group manifestations differently:
e.g., “severe neuropsychiatric lupus” includes myelitis, optic neuritis,
and acute confusional state. Voting Panel participants’ experience
and clinical practice patterns varied. In the setting of limited evidence
and an absence of data that directly compared treatment options for
specific organ systems, Voting Panel members’ clinical practice pat-
terns and the preferences outlined by the Patient Panel guided rec-
ommendations. The initial PICO-generated recommendations were
extensively discussed; when necessary, they were rewritten and
revoted upon until consensus was reached. The final recommenda-
tions represent compromises among Voting Panel discussants who,
while reviewing the same evidence, sometimes had varying clinical
perspectives on optimal therapy.

In many clinical situations, the Voting Panel members did not
recommend that one medication — or even one class of
medication — take priority over another; however, in some clinical
scenarios, a specific medication may be suggested when evi-

dence and clinical experience is supportive. Recommendations
may change in subsequent guideline revisions as more direct evi-
dence becomes available.

HEMATOLOGIC MANIFESTATIONS

In situations with life-threatening hematologic manifesta-
tions, including marked cytopenias suggestive of macrophage
activation syndrome or thrombotic microangiopathy®®, co-
management with hematologists is suggested.

Leukopenia

For asymptomatic neutropenia and/or
lymphopenia (absolute counts <1,000/mcL for
either) attributed to SLE, we conditionally
recommend against initiating
immunosuppressive treatment (glucocorticoids,
conventional or biologic immunosuppressants) in
the absence of other lupus disease activity

Neutropenia attributed to SLE is treated with recombinant
human granulocyte colony-stimulating factor (G-CSF) only if it is
severe and associated with infection;®' G-CSF should be used
with caution as lupus flares have been reported after treatment.®?
Lymphopenia, which is more common than neutropenia, is usu-
ally associated with overall lupus disease activity and generally
does not require specific treatment.®

Thrombocytopenia

For chronic asymptomatic thrombocytopenia
(<30,000/mcL) attributed to SLE, we conditionally
recommend initiation of glucocorticoid therapy
with addition of mycophenolic acid analogs
(MPAA), azathioprine (AZA), calcineurin inhibitor
(CNI), anti-CD 20 agents, belimumab and/or IVIG
over observation or glucocorticoid

monotherapy alone

For symptomatic thrombocytopenia (i.e., active,
significant bleeding) attributed to SLE, we
conditionally recommend initiation of
glucocorticoid therapy with IVIG and/or anti-CD20
therapy over the addition of conventional
immunosuppressive agents

Most data are indirect and extrapolated from hematology guid-
ance; the American Society of Hematology guideline suggests treat-
ment rather than observation for platelet counts <30,000/mcL in
cases of idiopathic thrombocytopenic purpura.?®6 Initial aggressive
treatment is generally followed by maintenance immunosuppressive
therapy. The use of thrombopoietin mimetics is effective in SLE but
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Systemic Lupus Erythematosus
2

of ii P g to minimize g ticoid toxicity*
M t Serositis Hematologi Neuropsychiatric Cardiac Vasculitis
Sunscreen /Topicals Pleuropericarditis Psychosis/seizures Myocarditis
: Anti-psychatic / anti-

ACLE, SCLE, CCLE

seizure therapy

Libman-Sacks
Endocar

Thrombocytopenia

Optic neuritis, acute N
confusional state,
mononeuritis

Bl Strong recommendation for

I Conditional recommendation for

0 Conditional recommendation against
*Good practice statements

Figure 1. Overview of the recommended management for systemic lupus erythematosus (SLE). This schematic illustrates the approach to SLE treat-
ment, with organ-specific therapies presented in separate boxes and stratified by disease severity. The order of the medications in each box does
not indicate preference unless noted otherwise. Lupus nephritis treatment is addressed in the 2024 American College of Rheumatology Guideline
for the Screening, Treatment, and Management of Lupus Nephritis.® *In CLE, switch HCQ to CQ with the intention of changing back to HCQ once
the rash is under control. TAzathioprine may be used when pregnancy is planned. Based on the Voting Panel members’ clinical experience, anifrolumab
has a more rapid onset of benefit and a greater likelihood of response than belimumab. HMPAA may be preferable over azathioprine. SAtternative agents
such as leflunomide are occasionally used for those with arthritis. |Evidence for severe neurologic syndromes was largely limited to IV CYC.

ACLE, acute cutaneous lupus erythematosus; CCB, calcium channel blockers; CCLE, chronic cutaneous lupus erythematosus; CNI, calcineurin
inhibitor (cyclosporin or tacrolimus); CQ, chloroquine; HCQ, hydroxychloroquine; IL-1, interleukin-1; IS, immunosuppressive therapy; IV CYC,
intravenous cyclophosphamide; IVIG, intravenous Ig; LCV, leukocytoclastic vasculitis; LE, lupus erythematosus; MPAA, mycophenolic acid ana-
logs; NSAIDs, non-steroidal anti-inflammatory drugs; PDESI, phosphodiesterase type 5 inhibitors; PLEX, plasma exchange; SCLE, subacute cuta-
neous lupus erythematosus; SLE, systemic lupus erythematosus.

should involve consultation with a hematologist.*® Splenectomy is a NEUROPSYCHIATRIC MANIFESTATIONS
therapy of last resort. For asymptomatic thrombocytopenia with

platelet count 30-100,000/mcl, treatment is generally not indicated.®* Neuropsychiatric SLE (NPSLE) consists of a broad range of

neurologic and psychiatric manifestations that can involve any
aspect of the central, peripheral, or autonomic nervous system.®
Once ascribing signs or symptoms to SLE, an assessment of
active disease (inflammatory or aPL immune-mediated) versus
chronic damage should occur. In general, treatment of stroke in
the setting of SLE is best directed by neurologists®” with addition
of immunosuppressive therapy when SLE-mediated inflammation
is identified. We suggest a multi-disciplinary approach, including
co-management  with  neurologists and/or  psychiatrists/
psychologists.

Hemolytic Anemia

For symptomatic autoimmune hemolytic

anemia (i.e., ischemic manifestations and/or
hemodynamic instability) attributed to SLE, we
conditionally recommend initiation of
glucocorticoid therapy with IVIG and/or anti-CD20
therapy over the addition of conventional

immunosuppressive agents

For mild, well-compensated hemolytic anemia, alternate
therapies such as short-term glucocorticoids and conventional/
biologic immunosuppressive agents may be considered.

No recommendations were made for small fiber neuropathy;
while found in SLE, no consensus was reached regarding immu-
nomodulatory therapy. All agreed that this is an important
research agenda item.
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Severe Neuropsychiatric Syndromes

For active lupus optic neuritis -OR- lupus acute
confusional state -OR- active mononeuritis
multiplex, we conditionally recommend initial
therapy with pulse/high-dose glucocorticoid taper
plus IV CYC, MPAA, or anti-CD20 therapy over
pulse/high-dose glucocorticoid

monotherapy alone

For active lupus myelitis, we conditionally
recommend initial therapy with pulse/high-dose
glucocorticoid plus IV CYC over pulse/high dose
glucocorticoid with other non-CYC
immunosuppressive agents

For active lupus psychosis, we conditionally
recommend anti-psychotic therapy plus
glucocorticoid, IV CYC, MPAA, or anti-CD20
therapy over anti-psychotic therapy alone

Evidence for severe neurologic syndromes was largely lim-
ited to IV CYC, and level of certainty was very low. Voting Panel
members opted to include MPAA and anti-CD20 therapy as
options based on their clinical experience, the wide spectrum
of severity in these syndromes, and the desire to avoid or limit
use of IV CYC especially in young women of reproductive age.
Glucocorticoid-induced psychosis may confound the assess-
ment of clinical response to immunosuppressive therapy.
When using IV CYC, we consider treatment with 3 monthly
infusions followed by an alternative immunosuppressant, usu-
ally MPAA, to minimize the risk of potential toxicities, including
impaired fertility. An ischemic etiology that might require anti-
coagulation, or the presence of an alternative diagnosis such
as neuromyelitis optica spectrum disorder or myelin oligoden-
drocyte glycoprotein antibody disease, should be ruled out as
these may impact therapy. Plasma exchange (PLEX) and/or
IVIG are reasonable additional therapies for severe or refrac-
tory disease.®®:°

Seizures

For seizures attributed to active SLE, we
conditionally recommend anti-seizure therapy
plus glucocorticoid, IV CYC, MPAA, or anti-CD20
therapy over anti-seizure therapy alone

It is important to rule out fixed neurologic damage
(i.e., scarring) rather than active inflammation as the etiology for
seizures. Decision for a particular therapy may vary depending
on concomitant SLE manifestations, as well as clinician and
patient preferences.

Cognitive Dysfunction

For isolated cognitive dysfunction attributed to
SLE and documented by neuropsychological
testing, we conditionally recommend against
adding immunosuppressive therapy (including
glucocorticoid) to cognitive therapy over using
cognitive therapy alone

Neuropsychological testing should be performed to document
cognitive dysfunction (or decline) that is potentially attributable to
SLE and to rule out other identifiable or treatable etiologies. The effi-
cacy of immunosuppressive therapy (including glucocorticoid) for
isolated cognitive dysfunction in the absence of inflammatory signs
(e.g. abnormal CSF or imaging studies) has not been demonstrated
and so is not recommended; alternative pharmacological and non-
pharmacological therapies are under study,”®”" however some clini-
cians may choose to add immunosuppressive therapy if active lupus
inflammation is strongly suspected. Cognitive dysfunction associ-
ated with other recognized NPSLE syndromes (e.g., acute confu-
sional state, psychosis) that are characterized by an immunologic
or inflammatory etiology should be treated with immunosuppressive
therapy, as detailed in preceding recommendations.

MUCOCUTANEOUS MANIFESTATIONS

Most reports of therapy for cutaneous lupus combine acute
with subacute/chronic rash in the treatment group; as a result,
these are grouped together here for most recommendations.
Diagnosis and classification are reviewed elsewhere.”? Treatment
for alopecia, acknowledged by the Patient and Voting Panels as a
common and distressing SLE manifestation, is not addressed
with a specific recommendation due to its multifactorial nature.”
Dermatology evaluation should be considered.

GPS: People with SLE should be educated on the
use of sunscreen and other sun-protection
measures to reduce risk of rash and potential
disease flare

GPS: Initial therapy for cutaneous lupus rash—in
addition to HCQ—should be topical, including
glucocorticoid and/or calcineurin inhibitors (Table 6),
Initial therapy may also include a course of
intralesional glucocorticoids and/or a brief course of
oral glucocorticoids

Sunscreens should block both UVB and UVA light: Sun Pro-
tection Factors of >707* for chemical and >50 for physical
blocker-based sunscreens are recommended. Physical blocker
sunscreens may be preferable in allergy-prone people.”®
Clinicians should provide counseling on proper sunscreen use,
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Table 6. Suggested topical therapies for cutaneous lupus
Glucocorticoid topical therapies Agent Body Location Comments
Super-potent Augmented betamethasone dipropionate Scalp For body:
Very high (solution) Body BID for refractory lesions then switch to
BID moderate potency agent

Clobetasol propionate
Halobetasol propionate

High Betamethasone dipropionate
Fluocinonide
Halcinonide
Mometasone furoate

Moderate Betamethasone valerate Body Use for longer term treatment on body
Fluocinolone acetonide (0.025%) after initial high or very high potency
Triamcinolone acetonide
Hydrocortisone valerate (0.2%)

Low Desonide (0.05%) Face Short term only
Fluocinolone acetonide (0.01%)
Hydrocortisone {0.5-2.5%)

Non-glucocorticoid topical therapies

Calcineurin Inhibitors Pimecromus cream Face No limit to duration of use

Tacrolimus ointment
Ruxolitinib
Tofacitinib

JAK Inhibitors (off label)

There is no significant difference in which topical options should be used for different cutaneous lupus subtypes, except for lupus pan-
niculitis (topical glucocorticoids will not reach the fat, the area of inflammation in panniculitis). Body location guides the choice of topical
agents. Generally, avoid use of fluorinated glucocorticoids on the face except for a few days if severe flare. Topical therapies are gener-
ally used BID. More potent topicals are generally used for up to 2 weeks duration (not on the face however) and then switched to less
potent topical agents. Solutions are favored for scalp; creams or ointments for elsewhere (patient preference). BID, twice a day.

including reapplication, sun avoidance techniques, and alternative
sun-protection methods (e.g., sun-protective clothing). Derma-
tology evaluation in people with significant skin disease is
encouraged; lesional skin biopsy is suggested when needed
to guide therapy or to rule out other diagnoses and should ide-
ally be interpreted by a dermatopathologist.

Prevention of skin scarring was a high priority for the Patient
Panel, especially in visible areas such as the face. Low-potency
glucocorticoids can be used for active disease for a limited time
on the face, but higher-potency glucocorticoids should be used
only for a few days due to risk of skin atrophy. Involvement of
non-facial or non-intertriginous areas of the body can be treated
with moderate or higher potency topical glucocorticoids. Topical
calcineurin inhibitors can be used without restriction. Suggestions
for topical therapy of cutaneous manifestations are summarized in
Table 6; these are not formal recommendations. Table 6 is a sum-
mary of general information provided as a convenience for the cli-
nician utilizing the formal treatment recommendations, in order to
help guide choice of specific topical therapy.

Acute, Subacute, and Chronic Cutaneous Lupus

For mild, ongoing, and skin-predominant

lupus despite treatment with HCQ and/or topical
therapies, we conditionally recommend adding
quinacrine or switching to chloroquine over
adding an immunosuppressive agent

Change in antimalarial therapy is a common dermatology
practice, as it may improve mild rash without the need for more

aggressive therapy. Quinacrine is not associated with increased
retinopathy risk and is available through compounding pharma-
cies at variable cost; addition of quinacrine is preferred over a
switch to chloroquine, given that chloroquine has a higher risk
for retinal toxicity than HCQ.”®"” For chloroquine, we suggest
every 4-6-month retinal monitoring (Table 5); this differs from the
American Academy of Ophthalmology’s yearly recommmenda-
tion”® and is based on an increasing appreciation of chloroquine
risk from both clinical experience and published evidence.”®"”
Chloroquine is an option in patients without major risk factors for
retinopathy (Table 5), with the intention to change back to HCQ
when rash is better controlled.

For ongoing moderate-severe cutaneous lupus
refractory to topical and antimalarial therapies
and/or oral glucocorticoid necessitating
escalation of therapy, we conditionally
recommend the addition of methotrexate (MTX),
MPAA, anifrolumab, and/or belimumab

The Patient Panel placed a very high priority on scar preven-
tion. The choice of specific therapy should be based on severity of
lesions, risk for scarring, comorbidities, and patient preference.
The Voting Panel voted against prioritizing specific conventional or
biologic immunosuppressive agents due to limited data and a dif-
ference of opinion among panel members. MTX and MPAA are
the preferred conventional agents, but AZA may be used when
pregnancy is planned. There are no comparative effectiveness
studies of the FDA-approved biologics anifrolumalb and belimumalb
for cutaneous SLE. Both may be beneficial;”® 2 however, panel
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members emphasized their clinical experience with anifrolumab’s
rapid onset of benefit and greater likelihood of response.®°

For ongoing moderate-severe cutaneous lupus
refractory to topical therapies, antimalarials, and
conventional and/or biologic immunosuppressive
agents necessitating escalation of therapy, we
conditionally recommend adding or substituting
lenalidomide

Lenalidomide is suggested as a potential therapy of
“last resort” despite the potential teratogenicity and thrombo-
sis risk; %3785 prescribers must participate in the Risk Evaluation
and Mitigation Strategy (REMS) program.

Bullous Lupus Erythematosus

For mild ongoing bullous lupus despite treatment
with topical therapies and antimalarial therapies,
we conditionally recommend the initial addition
of dapsone over initiation of glucocorticoid

Metabolites of dapsone may lead to hemolytic anemia, met-
hemoglobinemia, or other hematologic issues; G6PD should be
assessed prior to start of therapy, with appropriate monitoring
during use®®®” (Table 5).

For moderate-severe bullous lupus refractory to
topical therapies, antimalarials, and/or oral
glucocorticoid necessitating escalation of
therapy, we conditionally recommend adding a
conventional immunosuppressive (MPAA, MTX,
AZA) and/or anti-CD-20 therapy

The Voting Panel relied on indirect evidence from pemphigus
due to its similar disease process. Trials in pemphigus support
either glucocorticoids with conventional immunosuppressive or
anti-CD20 therapy for bullous diseases.®88°

Chilblain Lupus

For chilblain lupus, despite symptomatic,
topical, and antimalarial therapies, we
conditionally recommend the addition of
pentoxifylline, phosphodiesterase type

5 (PDES5) inhibitors (e.g., sildenafil, tadalafil),
and/or calcium channel blockers (e.g.,
nifedipine) over initiation of
immunosuppressive therapies

Topical therapies for chilblain lupus may include glucocorti-
coid, calcineurin inhibitors, and topical nitrates. Most evidence

reviewed was low-level and indirect, from primary chilblains. The
role of immunosuppressive therapy is unclear.®*°’

Leukocytoclastic Vasculitis

For mild ongoing cutaneous vasculitis despite
topical and antimalarial therapies, we
conditionally recommend the addition of dapsone
or colchicine over immunosuppressive therapies,
including oral glucocorticoid

The Voting Panel emphasized avoiding overtreatment of
minor cutaneous vasculitis. Extensive or severe cutaneous vascu-
litis, however, generally requires glucocorticoid or immunosup-
pressive treatment.

SEROSITIS
Pleuropericarditis

For pleuropericarditis, we conditionally
recommend initial treatment with

nonsteroidal anti-inflammatory drugs

(NSAIDs), colchicine, or their combination, with a
low threshold for escalation to glucocorticoid
therapy, over initiating glucocorticoid

therapy alone

For ongoing/recurrent episodes of lupus
pleuropericarditis despite treatment with HCQ,
NSAIDs, colchicine, and/or glucocorticoids
necessitating escalation of therapy, we
conditionally recommend conventional (MPAA,
AZA) or biologic immunosuppressive therapies
over initiating/increasing glucocorticoid
monotherapy

Recommendations for pericarditis and pleuritis are com-
bined, given similarities in management. NSAIDs and colchi-
cine may be used together as initial therapy, and oral
glucocorticoid added as needed. Evidence was of low cer-
tainty and inadequate to direct clinicians regarding use of
conventional versus biologic therapies; however, severe or
worsening disease necessitates rapid escalation of immuno-
suppressive treatment. Escalation to immunosuppressive
therapy for ongoing/recurrent symptoms reflects the desire
to avoid complications from pleuropericarditis and prolonged
glucocorticoid use.

The Voting Panel’s preferred biologic therapy for predom-
inant pleuropericarditis is interleukin-1 (IL-1) blockade, for
which there is primarily indirect evidence for SLE;*27% a deci-
sion to use IL-1 blockade may depend in part on presence or
absence of other SLE manifestations as well as cost and
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accessibility issues. Limited data support potential roles for
other biologic agents.”®®’

MUSCULOSKELETAL
Arthritis

GPS: Therapy for acute or recurrent episodes of
inflammatory arthritis in people with SLE may
include a course of NSAID or a limited course of oral
glucocorticoid while waiting for long-term therapies
to take effect

Joint involvement occurs in up to 95% of those with
SLE, %9199 resulting in permanent joint damage in 11.7%.%°" It
is associated with lower quality of life and work disability. %193

Lupus-related joint involvement ranges from arthralgia to
deforming arthropathy and erosive arthritis. While NSAID and
glucocorticoids are useful in providing rapid symptom relief,
the goal of therapy is management with longer-term disease-
modifying agents.

For persistent or recurrent active SLE arthritis in
people taking HCQ, regardless of prior/current
NSAIDs or short-term glucocorticoid therapy, we
conditionally recommend initial therapy with
MTX, MPAA, or AZA, with a low threshold to

add or substitute with belimumab or anifrolumab
for inadequate response, over initial biologic
therapy

The recommendation for the treatment of lupus arthritis is con-
ditional due to the widely varying clinical practice patterns and prefer-
ences among panelists. There will be individuals for whom initial
biologic therapy”®1°*1% with belimumab or anifrolumab is consid-
ered preferable, or for whom combination (conventional plus bio-
logic) therapy is required. For people with predominant arthritis
without a history of significant other organ involvement, MTX may
be considered first; for those with history of or current other organ
involvement, MPAA might be preferable. A randomized controlled
trial in patients with moderate-to-severe active (extra-renal) lupus dis-
ease activity compared overall disease activity response in patients
randomized to MPAA versus AZA. While the study was not powered
for specific organ response, those treated with MPAA had signifi-
cantly higher rates of remission, shorter times to achieving remission,
and fewer side effects than did those receiving AZA, suggesting
MPAA may be preferred over AZA as initial therapy when conven-
tional immunosuppressives are planned.'®® AZA is preferred for
those planning pregnancy.

Alternative agents such as leflunomide or other therapies
approved for rheumatoid arthritis treatment are occasionally used
when arthritis is the predominant feature. The Voting Panel
emphasizes early escalation/change in therapy for inadequate

response. Shared decision-making is vital; Patient Panel mem-
bers placed a high value on consideration of specific side effects
and tolerability for any given therapy.

Jaccoud Arthropathy

Jaccoud arthropathy was discussed but no consensus was
reached on surgical or medical therapy, given the paucity of
data'® and clinical /patient experience. Voting Panel members
suggest referral to occupational/physical therapy, splinting, or
bracing; all agree this is an area for future research.

SYSTEMIC VASCULITIS

For vasculitis attributed to active SLE, we
conditionally recommend initial therapy with
pulse/high-dose glucocorticoid taper and
conventional (IV CYC, MPAA, AZA) or biologic (anti-
CD 20 therapy, belimumab, anifrolumab)
immunosuppressive therapy

For severe vasculitis attributed to active SLE, we
conditionally recommend IV CYC or anti-CD20
therapy as initial therapy over other
immunosuppressive therapies

For life-threatening vasculitis attributed to active
SLE (e.g., diffuse alveolar hemorrhage or
mesenteric vasculitis), we conditionally
recommend the addition of PLEX and/or IVIG to
pulse/high-dose glucocorticoid taper and
immunosuppressive therapy, over no additional
therapy

Pulse/high-dose glucocorticoid and immunosuppressive thera-
pies are recommended for vasculitis due to the high risk of organ-
and life-threatening outcomes. The evidence was of very-low cer-
tainty and primarily addressed treatment for mesenteric vasculitis,
diffuse alveolar hemorrhage, and retinal vasculitis. PLEX and IVIG
are suggested as adjunctive therapies to high-dose glucocorticoid
and immunosuppressive agents for life-threatening vasculitis. '%1%°
Shared decision-making is emphasized.

CARDIAC MANIFESTATIONS
Myocarditis

For acute or worsening lupus myocarditis, we
conditionally recommend treatment with
glucocorticoid and IV CYC, MPAA, or anti-CD20,
and/or IVIG over glucocorticoid monotherapy

The treatment of lupus myocarditis relies on a combination of
glucocorticoids and immunosuppressants in addition to heart failure
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therapy. Cyclophosphamide and MPAA have the most evidence to
support their use; however, positive reports from case-series also
substantiate treatment with anti-CD-20 and IVIG. No randomized
controlled trials are available to guide decision-making.' %12

Non-Bacterial (Libman-Sacks) Endocarditis

For non-bacterial (Libman-Sacks) endocarditis,’"3
we conditionally recommend anticoagulation
and/or immunosuppressive therapy (including
glucocorticoid) over no medical therapy

The decision for medical therapy should be based on discus-
sion with cardiologists and reflect the risk for embolization. A deci-
sion regarding potential use of immunosuppressive therapy may
be informed, in part, by evidence for SLE activity in other organ
systems. Non-bacterial (Libman-Sacks) endocarditis is closely
associated with the presence of aPL (valvular heart disease con-
stitutes a clinical domain in the 2023 ACR/EULAR antiphospho-
lipid classification criteria’'¥) and anticoagulation is generally
suggested. A small case series (n=17) noted significant improve-
ment in valvular function and reduction in vegetation size with
combined conventional anti-inflammatory and antithrombotic
therapy.''® However, it should be noted that in this series only
9 of 17 patients were treated with immunosuppression; 5 patients
died, 2 of infection (it is not clear whether they were on immuno-
suppressive therapy). Surgical valve replacement is usually
required for severe disease.

DISCUSSION

In this guideline, we recommend HCQ, limiting glucocorticoid
exposure, and early introduction of conventional and/or biologic
immunosuppressive therapies to achieve remission or low dis-
ease activity while minimizing medication toxicity for all people
with SLE. Many recommendations are conditional and do not
specify one particular immunosuppressive agent, or even one
class of agent. This is a direct result of the limited evidence avail-
able, variations in treatment approach among the Voting Panel
members, and the high value Patient Panelists placed on the
impact of side effects and tolerability for any given therapy. Thus,
we strongly emphasize the role of shared decision-making
between patients and clinicians because multiple factors impact
therapy choice. Shared decision-making allows people with SLE
to choose optimal medications in terms of efficacy, tolerability,
and availability. This yields the added benefit of enhancing medi-
cation adherence, an important goal since this ultimately is a criti-
cal determinant of any therapy’s effectiveness. Likewise, routine
assessment of medication adherence is suggested. Self-report,
electronic health record-based automated adherence monitoring,
or measuring blood levels merit future research.

Shared decision-making was also a major theme throughout
the Patient Panel discussion, reflecting the importance of

fostering trust and respect for patient values and priorities. These
priorities, influenced by a person’s life stage and disease state,
change over the course of the disease and should be regularly
explored. Other highlighted themes included judicious glucocorti-
coid use to minimize adverse effects and a strong desire for
patient involvement and partnership in research, from planning
to execution, to ensure trials include representative cohorts and
address patient needs.

Both provider and patient panel members cited difficulties in
accessing care and medications due to a range of barriers. We
acknowledge that diverse healthcare settings with varied access
to medications and care providers is a critical issue contributing
to racialized and socioeconomic disparities. With these recom-
mendations, we aimed to reduce health care disparities by pro-
viding an evidence-based standard for patient-centered care.

Current gaps in the SLE literature helped identify important
areas of future research (Supplementary Materials 7). Compara-
tive effectiveness trials within specific organ systems, in addition
to well-designed observational and cohort studies, will inform
future guideline treatment recommendations.

Clinical rheumatologists and rheumatology teams are vital in
the care of people with SLE. This guideline provides direction for
therapeutic decisions after clinician-patient discussion; it also
encourages close working relationships between rheumatologists
(or expert rheumatology teams) and the other medical specialists
integral to providing comprehensive and collaborative lupus care.
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Two Birds, One Stone: Lung Cancer Screening in Patients
With Rheumatoid Arthritis Identifies Malignancy and
Rheumatoid Arthritis-Associated Lung Disease

Amir A. Razmjou'? () and Bryant R. England®*

Rheumatoid arthritis (RA)-associated lung disease can affect
nearly any compartment of the respiratory system, resulting in
interstitial lung disease (ILD), bronchiectasis, nodulosis, and many
other pulmonary diseases.” There is much discussion around
both the utility of and patient selection for RA-ILD screening.
These discussions center around balancing the risks of overdiag-
nosing mild/nonprogressive RA-ILD, radiation exposure,? and the
scarcity of high-quality evidence in treating RA-ILD, with the ben-
efits of early identification of those with early ILD who are at high
risk of progression and may benefit from early ILD-targeted
treatments.®

In 20283, the American College of Rheumatology (ACR)/
American College of Chest Physicians (CHEST) provided screen-
ing guidelines for RA-ILD, emphasizing the importance of select-
ing high-risk patients for incident and progressive ILD.* The
guidelines recommend considering screening in high-risk patients
with RA and, if screening is pursued, using a combination of high-
resolution computed tomography (HRCT) of the chest and pul-
monary function tests.* However, the current real-world practice
patterns of rheumatologists screening for RA-ILD are not known.

One intriguing route to explore for RA-ILD screening is the
utility of the well-established lung cancer screening guidelines by
the US Preventive Services Task Force (USPSTF).° The initial
2018 USPSTF guidelines for lung cancer screening recom-
mended screening those between the ages of 55 and 80 years
who have a >30 pack-year smoking history, are current smokers,
or have quit in <15 years with a low-dose computed tomography
(LDCT) scan of the chest.? These guidelines were updated in
2021 to broaden the inclusion of those screened to the ages of
50 to 80 years and a =20 pack-year smoking history.®

Although the proportion of patients with RA who are eligible
for USPSTF lung cancer screening is not known, there are likely
significant numbers of patients given cigarette smoking is the
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strongest environmental risk factor for RA."” Depending on the
RA cohort analyzed, ever smoking in patients with RA can range
between 50% and 80%,%° and RA itself has been linked to an
increased risk of lung cancer when controlling for smoking status
compared to non-RA comparisons.'©

Could applying the USPSTF lung cancer screening guide-
lines to patients with RA provide early ILD detection in addition
to early detection of lung cancer? And because both cigarette
smoking and RA itself may lead to pulmonary nodules and other
fibrotic/airway abnormalities, how often are abnormal LDCT find-
ings in patients with RA leading to the diagnosis of malignancy
or other lung diseases?

Study by McDermott et al

In the article titled “Detection of Lung Abnormalities in
Patients With Rheumatoid Arthritis Who Smoke and Who Were
Screened for Lung Cancer With Low-Dose Chest Computed
Tomography Imaging in Routine Clinical Care: Results From a
Large Multihospital System” in this issue of Arthritis Care &
Research, McDermott and colleagues'' performed a cross-
sectional study comparing the findings from routinely performed
LDCT scans for lung cancer screening in the Mass General Brig-
ham health system (Boston, Massachusetts) from patients with
RA and non-RA comparators between 2015 and 2023. Patients
who were eligible for lung cancer screening and underwent LDCT
scans were included. Patients were identified as having RA by
diagnostic codes, followed by manual chart review and confirma-
tion that the cases met the 2010 ACR/EULAR RA classification
criteria.’? LDCT scans were interpreted by thoracic radiologists
as part of routine clinical practice, and the investigators evaluated
for the following findings: lung nodules, fibrotic lung changes,
bronchiectasis, a composite “positive screen” (lung nodule
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requiring follow-up or biopsy), and a composite “any actionable
abnormality” (“positive screen,” fibrotic lung changes, or bronchi-
ectasis). Finally, whether patients were ultimately diagnosed with
lung cancer after screening was recorded.

There were 228 patients with RA and 14,805 non-RA com-
parators. Although the demographics were overall similar
between patients with RA and comparators, there were signifi-
cantly more women in the RA cohort, as expected. About half of
the patients were current smokers, and the other half were former
smokers. The average age at RA diagnosis was 55 years, with a
mean RA disease duration of 9.6 years and seropositivity (rheu-
matoid factor or cyclic citrullinated peptide) in 71%. Lung nodules
were detected in approximately 86% of both groups, “positive
screens” were detected in 22% to 27%, and lung cancer was ulti-
mately diagnosed in approximately 4%. The rates of lung nodules,
“positive screens,” and lung cancer diagnosis did not significantly
differ between patients with RA and non-RA comparators.

As expected, there were higher rates of fibrotic lung changes
(7.9% vs 5.1%; P = 0.06) and bronchiectasis (15.4% vs 11.0%;
P = 0.04) detected in patients with RA versus non-RA compara-
tors. In multivariable logistic regression models with RA (ref non-
RA) as a predictor that were adjusted for age, sex, year of screen,
and smoking status/pack-year history, RA was found to be inde-
pendently associated with the risk of a “positive screen” (odds
ratio [OR] 1.4 [95% confidence interval (Cl) 1.0-1.9]), fibrotic
changes (1.8 [95% CI 1.1-2.9]), bronchiectasis (1.6 [95% CI
1.1-2.4]), and “any actionable finding” (1.4 [95% CI 1.1-1.9]).
When this analysis was stratified by serostatus, the increased
risks of fibrotic changes and bronchiectasis were found to be
driven by the seropositive patients with RA rather than seronega-
tive patients.

Lung cancer screening and the role of the
rheumatologist

Several studies have demonstrated the increased risk of lung
cancer in patients with RA."®"2 Though, in the study by McDer-
mott et al,’ there was no difference in lung cancer diagnoses
between patients with RA and those without RA undergoing
LDCT. Given the substantial number of patients with RA who have
a cigarette smoking history that would make them eligible for lung
cancer screening,®® rheumatologists may benefit from aware-
ness of lung cancer screening indications. Although lung cancer
screening is likely largely occurring through primary care practices
for patients with RA, there may be room for incorporating screen-
ing protocols in certain rheumatology practices, as allowed by
resources and practice setting. This is of particular importance
for patients with RA who receive the majority of their health care
through their rheumatologists and who have little or no regular
follow-up with a primary care provider.

Regardless of whether or not an individual rheumatology
practice is able to refer patients themselves for lung cancer

screening, rheumatologists can play a pivotal role in discussing
the importance of screening and refer patients to their primary
care physicians for further discussion and imaging. The study by
McDermott et al'" provides us with helpful data for discussion
around lung cancer screening in patients with RA. Although up
to 86% of patients with RA may have a lung nodule detected, a
nodule requiring further imaging or biopsy was only present in
about 25% of patients, and only 5% of scans were found to have
a malignancy. Additionally, about 37% of patients with RA under-
going LDCT will have a nodule requiring follow-up/biopsy, fibrotic
lung changes, or bronchiectasis.

How effective is LDCT in screening for ILD?

It is well known that HRCT scans of the chest are the gold
standard imaging modality for screening, diagnosing, staging,
and monitoring RA-ILD. Although LDCT can diagnose ILD in cer-
tain circumstances, such as more advanced disease, it is opti-
mized for nodule detection and population-level screening by
using a lower radiation dose and thicker slices, which lead to a
lower sensitivity for detecting early and/or mild findings of ILD,
such as ground-glass opacities or fine reticulations.'® A consen-
sus statement by the American Thoracic Society and meta-
analysis of 13 studies evaluating the use of HRCT for screening
patients with RA for ILD found a pooled prevalence of 23% (95%
Cl 17%-29%) of ILD or interstitial lung abnormalities in scanned
asymptomatic patients with RA.™® In the study by McDermott
et al,"" fibrotic changes were seen in only 7.9% of patients with
RA, which may reflect the lower sensitivity for ILD detection using
LDCT compared to HRCT.

Although sensitivity for early ILD features is lower on LDCT,
there may still be clinical utility in its ability to detect ILD features
such as fibrosis or ILD more likely to progress.'®'® A study evalu-
ating LDCT in patients without RA undergoing lung cancer
screening with LDCT found that the presence of honeycombing
was significantly associated with increased risk of fibrosis pro-
gression on subsequent scans.'® Additionally, if LDCT detects
more clinically significant ILD than HRCT in patients with RA, per-
haps this trade-off in sensitivity may decrease the “overdiagnosis”
of clinically insignificant ILD. These factors were considered in the
2023 ACR/CHEST guidelines, with the authors concluding
“Nearly all cases of significant ILD can be detected on high-quality
low-dose chest CT or even on standard chest CT imaging, all
without contrast.”® Future studies evaluating ILD detection and
progression between LDCT and HRCT modalities may help shed
light on this situation.

Conclusions

Lung cancer screening in patients with RA is an important
clinical consideration in rheumatology practices given the
increased risk of lung cancer and relatively high rates of cigarette
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smoking history in patients with RA. Although LDCT scans of the
chest provide high-value lung cancer screening in patients with
RA, McDermott and colleagues’" have shown in this study that
they may also help screen for the presence of RA-associated lung
disease. LDCT for lung cancer screening just may enable us to kil
two birds with one stone.
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BRIEF REPORT

Detection of Lung Abnormalities in Patients With
Rheumatoid Arthritis Who Smoke and Who Were Screened
for Lung Cancer With Low-Dose Chest Computed
Tomography Imaging in Routine Clinical Care: Results From
a Large Multihospital System

Gregory C. McDermott,"? Mark Hammer,"* Xiaosong Wang,' Misti L. Paudel,"? {’ Sung Hae Chang,'>*
Pierre-Antoine Juge,”® / Qianru Zhang,"” Jessica Lorusso,® Amie Samuylov,® Kathleen M. M. Vanni,’
Alene Saavedra,’ Emily N. Kowalski," Grace Qian," Katarina J. Bade," Kevin T. Mueller," Jeffrey A. Sparks,'
and Suzanne Byrne'?

Objective. Rheumatoid arthritis (RA) is associated with interstitial lung disease, bronchiectasis, rheumatoid lung
nodules, and lung cancer. Recent guidelines proposed criteria for lung disease screening in RA, but the prevalence
of abnormal lung findings in patients with RA is unknown.

Methods. Among all patients screened for lung cancer with low-dose chest computed tomography (CT) in the Mass
General Brigham health care system between 2015 and 2023, we identified patients with and without RA. We compared
the prevalence of lung nodules, “positive screen” (nodules requiring further imaging or biopsy), fibrotic lung changes, bron-
chiectasis, and lung cancer between patients with RA and comparators without RA using multivariable logistic regression.

Results. Among consecutive patients screened for lung cancer with clinically indicated low-dose chest CT, we
identified 228 patients with RA and 14,805 comparators without RA. “Positive screens” were noted in 26.8% of
patients with RA and 22.2% of patients without RA (P = 0.10). Lung cancer was found in 4.8% of patients with RA
and 3.6% of patients without RA (P = 0.33). In multivariable models, RA was associated with positive screen (odds ratio
[OR] 1.38, 95% confidence interval [Cl] 1.02-1.87), fibrotic lung changes (OR 1.77, 95% CI 1.08-2.91), and bronchiec-
tasis (OR 1.64, 95% CI 1.12-2.39).

Conclusion. Patients with RA had higher prevalence of positive screening, fibrotic changes, and bronchiectasis
detected by low-dose chest CT performed for lung cancer screening. Approximately one in four patients with RA
who met US Preventive Services Task Force lung cancer screening criteria had a positive screen, whereas 1 in
20 had lung cancer. These results emphasize the importance of lung cancer screening among eligible patients with
RA and may inform screening strategies for other lung abnormalities.
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MCDERMOTT ET AL

SIGNIFICANCE & INNOVATIONS

* Rheumatoid arthritis (RA) is associated with
increased risk of interstitial lung disease (ILD), bron-
chiectasis, and lung cancer. Some patients with RA
and smoking history meet criteria for lung cancer
screening, and this may inform RA-ILD screening
strategies.

+ We analyzed a large cohort of patients screened for
lung cancer and identified those with and without
RA. We compared the prevalence of lung cancer,
fibrotic lung changes, and bronchiectasis between
the two groups.

+ RA was associated with increased positive screens,
findings of fibrotic lung changes, and bronchiecta-
sis, including after multivariable adjustment for
age, sex, year of scan, and smoking. Lung cancer
was detected in 4.8% of patients with RA versus
3.6% of patients without RA.

+ These findings emphasize the importance of lung
cancer screening in eligible patients with RA and
highlight the increased prevalence of ILD and bron-
chiectasis in these patients that may have addi-
tional clinical relevance.

INTRODUCTION

Cigarette smoking is a risk factor for both lung cancer' and
rheumatoid arthritis (RA).% Furthermore, RA is associated with
lung abnormalities including interstitial lung disease (ILD), bronchi-
ectasis, and rheumatoid lung nodules® and has also been associ-
ated with an increased risk of lung cancer.” Despite recognition of
these associations, there is uncertainty about the use of chest com-
puted tomography (CT) imaging in patients with RA for screening
purposes due to concems about radiation exposure and incidental
findings. We used a large cohort of consecutive patients screened
for lung cancer with low-dose CT chest imaging to investigate
associations between RA and abnormal imaging findings detected
on CT chest screening as part of usual clinical care.

Prior research has demonstrated associations between RA
and several different pulmonary abnormalities, which are primarily
diagnosed by CT chest imaging.® Despite the recognition of
increased prevalence of lung disease in patients with RA, there
has been limited guidance on screening for lung disease in
patients with RA. The recent 2023 American College of Rheuma-
tology (ACR)/American College of Chest Physicians guideline on
the screening and monitoring of patients with systemic autoim-
mune disease—associated ILD conditionally recommended con-
sideration of lung screening in patients with RA who have one or
more risk factors for RA-ILD, including older age at diagnosis,
male sex, higher body mass index, active articular disease, and
high titer RA-related autoantibodies.®

In 2013, the US Preventive Services Task Force (USPSTF)
recommended lung cancer screening with low-dose chest CT

for asymptomatic adults aged 55 to 80 years who are current or
former smokers (quit within 15 years) with >30 pack-years of
smoking history.® In 2021, the guidelines were revised to reduce
smoking history to >20 pack-years.” Because also at increased
risk for RA-related lung diseases including ILD and bronchiecta-
sis, the experience of performing lung cancer screening in this
population may inform for future lung screening initiatives among
patients with RA.

We investigated the prevalence of abnormal findings includ-
ing lung nodules, fibrotic changes, bronchiectasis, and lung can-
cer in patients with RA and comparators without RA who
underwent lung cancer screening with low-dose CT chest imag-
ing. All patients received lung cancer screening as part of usual
clinical care and met criteria for lung cancer screening as outlined
by the USPSTF. We hypothesized that RA would be associated
with increased abnormal findings on low-dose chest CT imaging,
including pulmonary nodules, fibrotic lung changes, bronchiecta-
sis, and lung cancer.

METHODS

Study sample and design. We performed a cross-
sectional study using data from the Mass General Brigham
(MGB) health care system. The MGB health care system is a col-
lection of academic and community hospitals as well as outpa-
tient clinics in the greater Boston, Massachusetts, area. All
patients who had low-dose chest CT imaging performed for lung
cancer screening in the MGB health care system between 2015
and 2023 were included in the cohort, which has been described
separately.® Notably, the presence or absence of respiratory
symptoms was not a specific inclusion or exclusion criteria for
screening. Details of current or past smoking history as well as
pack-years were collected at the time of ordering low-dose chest
CT imaging to document eligibility. Demographic data including
birth date, sex, and self-reported race were extracted from the
electronic health records. Visit diagnosis and billing codes were
extracted from the electronic health records to facilitate identifica-
tion of patients with RA and comparators without RA, as detailed
below. This study was approved by the MGB Institutional Review
Board (2008P002302 and 2021P001913).

From the cohort of all consecutive patients screened for lung
cancer with low-dose chest CT imaging, we identified all patients
with at least one International Classification of Diseases (ICD)
code for RA (ICD-9 714 or ICD-10 MO5 or M06). We then per-
formed medical record review of each patient to identify those
who met 2010 ACR/EULAR classification criteria for RA.® Patients
who had at least one RA ICD code but did not meet classification
criteria for RA were excluded. Patients who were diagnosed with
RA after the low-dose chest CT imaging were also excluded
because our study focused on screening prevalent RA and this
would introduce immortal time bias for comparators who later
developed RA. For all patients meeting criteria, we determined



SCREENING FOR LUNG CANCER AND OTHER ABNORMALITIES IN PATIENTS WITH RA 845

the date of RA diagnosis for all patients by manual review of elec-
tronic health records. We extracted laboratory testing from the
electronic health records for rheumatoid factor and anti-cyclic
citrullinated peptide antibodies to determine seropositive and
seronegative RA. For patients missing results of these autoanti-
bodies, we performed manual medical record review to determine
serostatus.

Identification of comparators without RA. We
defined comparators without RA as all patients in the low-dose
chest CT screening cohort with no RA ICD codes in their elec-
tronic medical records.

Interpretation of low-dose chest CT imaging. All low-
dose chest CT imaging was reviewed through routine clinical care
by thoracic radiologists to assess for the presence of lung cancer,
lung nodules, or other abnormal parenchymal lung findings using
a standardized form. Lung cancer screening studies were inter-
preted according to the American College of Radiology Lung
Imaging Reporting and Data System (Lung-RADS) categorization
system.'© A “positive screen” was defined as Lung-RADS cate-
gory 3 or 4, which denotes the presence of lung nodules requiring
further imaging follow-up or biopsy. Fibrotic lung changes were
defined as thoracic radiologist documentation of “interstitial lung
changes,” “interstitial fibrosis,” “pulmonary fibrosis,” “reticular
changes,” “reticulation,” “honeycombing,” or “bronchiolectasis”
on the clinical radiology report. Presence of bronchiectasis was
determined by thoracic radiologist documentation of “bronchiec-
tasis.” We combined “positive screen,” fibrotic lung changes,
and bronchiectasis into a category called “any actionable abnor-
mality.” All outcomes were determined based on the presence
of abnormal findings on any low-dose CT scan performed while
the patient was enrolled in the lung screening program during
the study period. For each patient, the index date was defined
as the first date of low-dose chest CT imaging.

Lung cancer diagnoses. We reviewed the electronic
health records of all patients to identify those who were ultimately
diagnosed with lung cancer between their initial low-dose CT
chest screening and the end of the study period in July 2023.
We assessed all patients with ICD codes for lung cancer diagno-
sis and defined a confirmed lung cancer diagnosis as positive
biopsy findings or definitive radiologic findings treated as lung
cancer in the absence of a biopsy.

Statistical analysis. We used descriptive statistics
including mean + SD as well as median and interquartile range
to compare continuous variables between patients with RA and
comparators without RA. We also compared the frequencies of
lung nodules, positive screen, fibrotic lung changes, bronchiecta-
sis, and lung cancer between patients with RA and comparators

without RA using chi-squared tests. We then constructed multi-
variable logistic regression models that examined the association
between RA versus non-RA status and lung nodules, positive
screen, fibrotic lung changes, bronchiectasis, and lung cancer.
The models were adjusted for age at screening, sex, calendar
year of screening, smoking status (current or former), and contin-
uous pack-years of smoking history. We then stratified the
patients with RA by serostatus and examined the associations
between seropositive RA versus non-RA and positive screen,
lung cancer, fibrotic changes, and bronchiectasis adjusting for
age at screening, calendar year of screening, sex, smoking sta-
tus, and pack-years of smoking history. We repeated this for
seronegative RA versus non-RA. We also performed a sensitivity
analysis stratified by sex and another analysis additionally
adjusted for race. There were no missing data. Two-sided P <
0.05 was considered statistically significant. Statistical analysis
was performed using SAS version 9.4.

RESULTS

Study sample. Among all consecutive patients who met
guideline criteria and underwent low-dose chest CT imaging for
lung cancer screening, we identified 228 patients with RA and
14,805 comparators without RA (Supplementary Figure S1).
Characteristics of patients with and comparators without RA are
detailed in Table 1. Among the patients with RA, the mean age
was 64.7 years, 71.9% were female, 51.8% were former
smokers, 71.0% were seropositive, and the mean RA duration
was 9.6 years. The comparators without RA had mean age of
63.6 years, 46.2% were female, and 46.3% were former
smokers.

Lung abnormalities. Details of the prevalence of lung
nodules, “positive screen” (Lung-RADS category 3 or 4—
requiring further imaging follow-up or biopsy), fibrotic lung
changes, bronchiectasis, and lung cancer comparing in patients
with RA to comparators without RA is described in Table 2. The
prevalence of lung nodules detected on low-dose chest CT imag-
ing was 86.4% for patients with RA and 86.0% for comparators
without RA (P = 0.86). The prevalence of a “positive screen” on
the low-dose chest CT imaging was 26.8% in patients with RA
and 22.2% in comparators without RA (P = 0.10). The prevalence
of confirmed lung cancer was 4.8% in patients with RA compared
to 3.6% in comparators without RA (P = 0.33). A total of 7.9% of
patients with RA had fibrotic lung changes compared to 5.1% of
comparators without RA (P = 0.06). Bronchiectasis was more
common among patients with RA (15.4%) compared to compar-
ators without RA (11.0%; P = 0.04). A total of 36.8% of patients
with RA compared to 31.4% of comparators without RA (P =
0.08) had “any actionable abnormality” on screening, including
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Table 1.
chest CT imaging®

Characteristics of patients with RA and comparators without RA screened for lung cancer using low-dose

Patients with

Comparators without

Characteristic RA (n = 228) RA (n = 14,805) P value
Age at scan, mean (£SD), y 64.7 (£6.5) 63.6 (£6.7) 0.02
Female, n (%) 164 (71.9) 6,838 (46.2) <0.0001
Race, n (%) 0.28
American Indian or Alaska Native 2(0.9) 36(0.2) -
Asian 3(1.3) 304 (2.1) -
Black 13(5.7) 686 (4.6) -
Hispanic 5(2.2) 219 (1.5) -
Unknown/other 9(4.0) 791 (5.3) -
White 196 (86.0) 12,769 (86.3) -
Smoking status, n (%) 0.10
Current 110 (48.3) 7,950 (53.7) -
Past 118 (51.8) 6,855 (46.3) -
Smoking history, mean (+SD), pack-years 40.7 (+22.6) 43.8(+32.4) 0.16
Time since quit smoking, mean (+SD), y 3.8 (+4.8) 3.4 (£5.3) 0.34
Calendar year of screening (median, IQR) 2021 (2019, 2022) 20202018, 2022) 0.052
Age at RA diagnosis, mean (£SD), y 55.1 (£9.8) - -
RA duration, mean (£SD), y 9.6 (+8.0) - -

Seropositive RA, n (%)
RF positive
Anti-CCP positive

152/214 (71.0) = =
139/206 (67.5) = =
120/193 (62.2) = =

* CCP, cyclic citrullinated peptide; CT, computed tomography; IQR, interquartile range; RA, rheumatoid arthritis; RF,

rheumatoid factor.

nodules requiring further follow-up, fibrotic lung changes, or
bronchiectasis.

Multivariable associations of patients with RA
versus comparators without RA. Results from multivariable
logistic regression models examining associations of RA with
low-dose CT chest findings adjusted for age, sex, calendar year
of screening, smoking status, and pack-years of smoking are
detailed in Figure 1. RA was statistically associated with a positive
screen requiring further imaging follow-up or biopsy (odds ratio
[OR] 1.38, 95% confidence interval [CI] 1.02-1.87), fibrotic lung
changes (OR 1.77, 95% CI 1.08-2.91), bronchiectasis (OR 1.64,
95% Cl 1.12-2.39), and the composite of “any actionable abnor-
mality” (OR 1.40, 95% CI 1.05-1.86). RA was not statistically
associated with lung cancer (OR 1.35, 95% ClI 0.72-2.52). In
analyses that compared patients with seropositive or seronega-
tive RA to comparators without RA, seropositve RA was

associated with fibrotic lung changes (OR 2.43, 95% CI 1.43-
4.14) and bronchiectasis (OR 1.72, 95% Cl 1.10-2.70). There
were no associations for any of the lung abnormalities for sero-
negative RA versus comparators without RA. In analyses stratified
by sex (Supplementary Table S1), RA was significantly associated
with positive screen (OR 1.55, 95% Cl 1.09-2.20), fibrotic lung
changes (OR 2.21, 95% CI 1.25-3.92), and bronchiectasis (OR
1.48, 95% Cl 1.16-2.83) in those with female sex. After addition-
ally adjusting for race in our multivariable models (Supplementary
Table S2) we saw similar results compared to our primary
analysis.

DISCUSSION

In usual clinical care, smokers with RA had a high prevalence
of pulmonary abnormalities detected by low-dose chest CT imag-
ing performed for lung cancer screening. A total of 27% of

Table 2. Prevalence of abnormal findings on low-dose chest computed tomography performed for lung cancer
screening among patients with RA and comparators without RA*

Patients with

Comparators without

Finding RA (n =228), n (%) RA (n = 14,805), n (%) Pvalue
Lung nodules 197 (86.4) 12,732 (86.0) 0.86
Positive screen? 61 (26.8) 3,283 (22.2) 0.10
Fibrotic changes 18(7.9) 757 (5.1) 0.06
Bronchiectasis 35(15.4) 1,629 (11.0) 0.04
Lung cancer 11 (4.8) 535(3.6) 0.33
Any actionable ﬂndingb 84 (36.8) 4,645 (31.4) 0.08

* RA, rheumatoid arthritis.

@ Lung nodule required additional follow-up or biopsy (includes lung cancer).
® Findings include positive screen, fibrotic changes, or bronchiectasis.
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Multivariable* Odds Ratio (95% Cl)

Outcome

RA vs. non-RA

Positive screen f—-—

Lung cancer I - {
Fibrotic changes ; =
Bronchiectasis F—a—
Any actionable finding ——
Seropositive RA vs. non-RA

Positive screen ——
Lung cancer I = i
Fibrotic changes i =
Bronchiectasis I ®

Any actionable finding —a—
Seronegative RA vs. non-RA

Positive screen ——

Lung cancer f

=
Fibrotic changes F—m=
Bronchiectasis I L
Any actionable finding

0 0.5

-l

1.5 2 25

35 - 45

Figure 1. Associations of patients with rheumatoid arthritis (RA) versus comparators without RA with abnormal findings on low-dose chest com-
puted tomography imaging performed for lung cancer screening. The asterisk (*) indicates adjustment for age at screening, sex, calendar year of
screening, smoking status (current or former), and continuous pack-years of smoking history. Cl, confidence interval.

patients with RA who underwent screening had a “positive
screen” with nodules that required closer imaging follow-up or
further management, and patients with RA were more likely to
have positive lung cancer screening and had more fibrotic
changes and bronchiectasis compared to patients without RA in
multivariable models. Approximately 5% of patients with RA were
ultimately diagnosed with lung cancer after screening, though this
was not statistically different from the comparators without
RA. These findings demonstrate the high prevalence of lung nod-
ules and subclinical lung disease in patients with RA with a smok-
ing history, emphasize the importance of lung cancer screening
among eligible patients with RA, and provide data on the
prevalence of abnormal findings that may assist patient—clinician
discussions. These results also may inform future screening strat-
egies for RA-related lung diseases targeting groups with high risk
such as patients who smoke.

Our study adds to the prior literature investigating the preva-
lence of pulmonary abnormalities in RA. Our findings of associa-
tions between RA and fibrotic lung changes and bronchiectasis
among smokers are consistent with previous literature. Prior
studies have demonstrated associations between RA and inter-
stitial lung abnormalities when comparing patients with RA to the
general population’™ and in studies specifically investigating
smokers.'? Similarly, a large population study using a nationwide
Korean registry demonstrated associations between RA

diagnosis and bronchiectasis.’ However, ours is the first con-
trolled study to focus on screening for lung diseases performed
through routine clinical care. Previous studies have used clinically
indicated scans on people with symptoms or were performed
prospectively in research settings among people who agreed to
obtain scans and may not be generalizable to all patients with
RA. We found that over a quarter of patients with RA screened
for lung cancer in routine clinical care had a “positive screen”
requiring further follow-up and 36.8% had “actionable findings”
of either parenchymal lung disease or a “positive screen.” These
findings can help inform discussions of risks and benefits of per-
forming CT chest screening in this population. In addition, our
study examines incidental findings, whereas most prior studies
were focused on specific outcomes such as ILD, bronchiectasis,
and lung cancer.

Our findings also provide further insight into lung cancer risk
for patients with RA. One recent study published using cohort
data from Korea found an increased prevalence of lung cancer in
patients with RA.* However, the absolute risks of lung cancer
were low in this general population study.'* The risk for lung can-
cer seems highest in patients with seropositive RA.*"® In our
study, we saw increased prevalence of lung cancer among
patients with RA, though this did not meet statistical significance.
Notably, the risk difference we observed between patients with
RA and comparators without RA was similar to prior literature,*
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and the sample size may not have been large enough to detect
statistical associations. Additionally, because low-dose chest CT
imaging for lung cancer screening is recommended for patients
who were asymptomatic, we could not account for patients with
symptomatic lung cancer who were included in the previously
published population studies.* Regardless, our results support
the recommendations to screen patients with RA who smoke for
lung cancer that meet the USPSTF recommendations as in the
general population.

Our study has several strengths to consider. First, we
performed our investigation and report the prevalence of
abnormal findings using a large cohort of all consecutive
patients screened by low-dose chest CT imaging for lung can-
cer in our health care system as part of routine clinical care.
Because low-dose screening chest CT chest is not used for
indications other than lung cancer screening, we expect
nearly all patients to not have other indications that led to CT
chest imaging. Furthermore, detailed information about smok-
ing status and pack-years of smoking exposure was system-
atically collected for all patients. Finally, we confirmed that all
patients with RA met classification criteria through manual
medical record review and had data on RA serostatus and
duration.

Our study also has limitations to consider. First, there is a
possibility of selection bias among patients who are offered
and chose to undergo screening for lung cancer. This may
impact the generalizability of the findings in a broader population
of patients who smoke. Second, low-dose chest CT imaging
may be less sensitive for the detection of lung abnormalities than
high resolution CT chest imaging due to differences in scan
technique or radiologist reporting of mild disease. Therefore,
we may have underestimated the true prevalence of ILD-related
changes in this population. However, we would expect that this
limitation does not preferentially affect patients with RA, and
those detected may have been more likely to have clinical rele-
vance. Third, we used report mentions of fibrotic changes and
bronchiectasis to identify these abnormalities, and this
approach has not been compared to formal screening tech-
niques or other imaging approaches. Fourth, lung cancer
screening guidelines apply to patients irrespective of symptoms,
and it is possible that some patients were experiencing respira-
tory symptoms at the time of imaging. Due to the retrospective
nature of the cohort, we were not able to assess for that possi-
bility in a systematic manner. Fifth, given the small number of
lung cancer outcomes in the patients with RA, we were not able
to assess the individual impact of specific immunosuppressive
treatments on lung cancer risk. Future studies are needed to
clarify lung cancer risks with specific disease-modifying anti-
rheumatic drugs. Finally, although we used data from a large
health care system for our study and included 228 patients with
RA compared to 14,805 comparators without RA, many of our
outcomes were uncommon and some of our effect estimates

were imprecise. However, this is the largest controlled study
investigating incidental lung abnormalities found through a
screening program in a real-world setting.

In conclusion, we found that patients with RA with current or
past smoking history had a high prevalence of lung abnormalities
on lung cancer screening performed for routine clinical care. A
total of 27% of patients with RA had lung nodules requiring fur-
ther follow-up or biopsy, and patients with RA were more likely
to have positive screening, fibrotic changes, and bronchiectasis.
These findings highlight the high prevalence of abnormal find-
ings on CT chest imaging performed in patients with RA with a
smoking history, emphasize the importance of lung cancer
screening among eligible patients with RA, and provide preva-
lence data to inform risk-benefit considerations for lung screen-
ing among patients with RA who are current or former
smokers, a group that may be selected for screening for RA-
related lung diseases.
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Temporal Trends and Short- and Long-Term Mortality of
People With Acute Myocardial Infarction and Rheumatoid
Arthritis: A Nationwide Cohort Study

Megan Butler, MBChB," Nicholas Weight, MBChB," {/ Muhammad Rashid, PhD,"** Rodrigo Bagur, PhD,*
Purvi Parwani, MD,> Samantha Hider, PhD,"® Edward Roddy, PhD,"® ) Robert Butler, MD,’
and Mamas A. Mamas, DPhil'®

Objective. We investigated whether a diagnosis of rheumatoid arthritis (RA) affects the quality of inpatient acute
myocardial infarction (AMI) care and long-term mortality post-AMI.

Methods. We analyzed data from 784,091 adults, 6,047 with a diagnosis of RA, from England and Wales hospital-
ized with AMI between 2005 and 2019 from the Myocardial Ischaemia National Audit Project registry, linked with Office
for National Statistics mortality data and hospital episode statistics. Cox regression models were used to compare risk
of all-cause mortality at different time points according to the presence of RA.

Results. There was no difference in adjusted 30-day mortality between groups (adjusted hazard ratio [aHR] 1.09,
95% confidence interval [Cl] 0.99-1.19; P = 0.075). Beyond this, at 1 year (aHR 1.14, 95% CI 1.07-1.21), 5 years,
(@HR 1.28, 95% CI 1.23-1.33), and to the end of the study period (aHR 1.31, 95% CI 1.26-1.36), the risk of all-cause
mortality was significantly higher in patients with RA (all P < 0.001). Risk of cardiovascular mortality was not signifi-
cantly different at 30 days or 1 year (aHR 1.08, 95% CI 1.00-1.17; P = 0.058), but it was at 5 years (aHR 1.15, 95% Cl
1.08-1.23; P < 0.001) and to the study endpoint post-AMI (aHR 1.18, 95% CIl 1.11-1.24; P < 0.001).

Conclusion. We found no meaningful disparities in inpatient care according to the presence of RA; however, those
with RA have elevated long-term all-cause mortality post-AMI. Our findings suggest that the mortality burden of RA
post-AMI is not driven by the quality of AMI care during admission and is likely driven by the progressive nature of

the comorbidities and the complications of treatments associated with RA.

INTRODUCTION

Rheumatoid arthritis (RA) is part of a heterogeneous group of
autoimmune rheumatic diseases, affecting approximately 1%
of the world’s population, and is associated with progressive dis-
ability and premature death." Importantly, cardiovascular disease
(CVD), including acute myocardial infarction (AMI) is the most
common cause of mortality in patients with RA.?

People with RA are at elevated risk of AMI,® with the systemic
proinflammatory state of RA driving accelerated atherogenesis,*°
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and at increased risk of long-term mortality following AMI, consis-
tently shown across different health care settings.®” The impact
of RA on in-hospital outcomes and care quality is more complex.
US data have suggested lower in-hospital mortality and compara-
ble quality of care after AMI,® whereas similar studies from
Australia have shown poorer in-hospital care and outcomes for
those with RA.° RA disease severity is correlated with poorer
long-term mortality, especially higher glucocorticoid doses,” with
higher coronary plague burden shown in people with poorer RA
control.’® However, there are encouraging data suggesting a
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SIGNIFICANCE & INNOVATIONS

* In a nationwide cohort study of 784,091 patients
with acute myocardial infarction (AMI) between
2005 and 2019, patients with rheumatoid arthritis
(RA) received the same standard of care as patients
without RA.

+ Patients with RA had elevated long-term all-cause
mortality, but 30-day mortality post-AMI was not
significantly higher than that of patients without RA.

« Thereis a long-term elevated risk of cardiovascular-
specific mortality, which manifests at 5 years and
beyond.

potential reduction in major adverse CV events (MACEs) and
reduced vascular inflammation among individuals with RA treated
successfully with immunomodulatory therapy.'"'2

We used data from the Myocardial Ischaemia National Audit
Project (MINAP) registry, linked to Office for National Statistics
(ONS) mortality data and hospital episode statistics (HES), to
investigate the in-hospital quality of care that patients receive
according to RA status and to assess whether this influences their
long-term all-cause and CV mortality over an extended period of
follow-up for a median duration of >6 years and whether mortality
risk has changed over our study period.

METHODS

Study design. This study was a retrospective cohort study
of routinely collected data from MINAP linked to the ONS and
HES. MINAP is a prospective national registry of patients
with acute coronary syndrome admitted to 230 hospitals in
the United Kingdom. MINAP includes data on patient demo-
graphics, clinical characteristics, comorbidities, pharmacother-
apy, management, and in-hospital outcomes on approximately
90,000 patients admitted with acute coronary syndrome per year.
The ONS is the independent provider of mortality statistics in
the United Kingdom, collecting data on all deaths registered in
England and Wales, using International Classification of Diseases,
Tenth Revision (ICD-10) codes, and cause of death from the
Medical Certificate of Cause of Death. Mortality follow-up was
available for all included patients up to July 31, 2021.

Secondary use of anonymized MINAP data set for research
purposes is authorized under NHS research governance arrange-
ments and further supported under section 251 of NHS act 2006
(NIGB: ECC1-06(d)/ 2011), which allows researchers to use
patient information collected within the data set for medical
research without patient consent. Therefore, a formal ethical
approval was not sought for this study. The study underwent for-
mal ethical approval for the data linkages of the MINAP and ONS
registries. Ethical approval was provided by the Health Research
Authority, Health and Care Research Wales, and the

Confidentiality Advisory Group, which is an independent body
that provides expert advice on the use of confidential patient
information.

Study population. All index admissions between January
2005 and March 2019 with a primary diagnosis of AMI (compris-
ing both ST-elevation myocardial infarction [STEMI] and non-
STEMI but not including unstable angina) were extracted from
MINAP and stratified according to the presence of RA at the time
of presentation. This was conducted using /ICD-70 codes M05
and M0B6, which were contained in the linked HES record, reflect-
ing comorbidities at time of admission with index AMI. Linked HES
records with /CD-10 codes M05 and MO6 have been used in pre-
vious studies of the UK population to ascertain diagnosis of RA, '
with a consistent prevalence between studies of approximately
1%. Usage of ICD-10 code MO05 for the diagnosis of seropositive
RA has been shown to have a positive predictive value of 77%
to 94% in administrative data sets, and usage of more detailed
ICD-10 definitions, as we demonstrate in Supplementary Table 1,
have been shown to increase this further.'~'®

AMI diagnosis was made by clinicians according to the pre-
senting history, clinical examination and investigations, and
results of inpatient investigations in keeping with the consensus
document of the Joint European Society of Cardiology and Amer-
ican College of Cardiology."” Patients were excluded if there were
missing data for variables such as in-hospital mortality, MACE,
cause of death, or missing unique identifier, which is the patient
NHS number. The first admission with AMI over our study period
for each patient was included, with duplicate records or readmis-
sions over the study period identified and removed using the date
of admission and NHS number.

Outcomes. The primary outcomes were all-cause mortality,
assessed at 30 days, 1 year, 5 years, and over the entire study
period, which ended in July 2021, which we referred to as “overall
mortality.” Secondary outcomes of interest were quality of care
measures, including the Opportunity-Based Quality Indicators,
which consists of prescription of aspirin, P2Y12 inhibitors,
beta-blockers, statins, angiotensin-converting enzyme (ACE)
inhibitors/angiotensin receptor blockers, and whether referral to
cardiac rehabilitation was made while an inpatient. Additionally,
we assessed CV mortality only, with a full list of /CD-70 codes
used for assessing CV death displayed in the Supplementary
Materials. One-year mortality according to RA status was calcu-
lated for each study year to display temporal trends over the study
period.

Statistical analysis. Continuous variables such as age at
admission and body mass index were summarized using mean
and SD if normally distributed and median and interquartile ranges
if the data were not normally distributed. Normality of distribution
was assessed using the Shapiro-Wilk test. These data were
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compared using Student’s t-test if normally distributed and
Wilcoxon rank sum test if not normally distributed. Categorical
variables were compared using the Pearson chi-square test and
summarized as percentages. Multiple imputation with 10 imputed
data sets was used to account for the missing data across our
data set after first undertaking a complete case analysis. The
imputation model closely resembled the analytical model and
included survival times and outcomes to avoid bias toward the
null. Results of the complete case analysis undertaken before
multiple imputation are shown in the Supplementary Materials.
Multiple imputation with chained equations (MICE) is the best
practice when dealing with missing data and can provide unbi-
ased estimates even with high levels of missingness and some
protection when data are missing not at random.'® Imputed data
were used for our adjusted models as detailed below, whereas
descriptive tables are reflective of registry data before imputation,
where denominators reflect all patients for which data was avail-
able for that variable, hence the varying denominators throughout.

Multivariate Cox models were applied to 10 imputed data
sets to generate adjusted hazard ratios (aHRs) with 95% confi-
dence intervals (Cls) for mortality over our study period, with esti-
mates combined using Rubin’s rules.'® Our model was adjusted
for the following characteristics: age, sex, ethnicity, year of admis-
sion, hospital region, heart rate, blood pressure, comorbid condi-
tions (hypertension; diabetes mellitus; history of asthma or
chronic obstructive pulmonary disease [COPD]; history of cere-
brovascular accident or peripheral vascular disease; hypercholes-
terolemia; family history of coronary artery disease; smoking
history; chronic renal failure; previous AMI; angina; previous per-
cutaneous coronary intervention [PCI] and previous coronary
artery bypass graft [CABG]; and medical therapy, including warfa-
rin, invasive coronary angiogram, and inpatient revascularization
by PCI or CABG) cardiac arrest, left ventricular systolic function,
ischemic electrocardiogram change, and Killip classification. Vari-
ables included were collected at baseline, with time-varying
variables not included in this study. The HRs shown are from a
comparison of patients with RA at the time of admission with
AMI with those without RA. Separate Cox models were used to
create HRs for 30-day, 1-year, 5-year, and overall mortality (refer-
ring to until the study endpoint of July 31, 2021). Kaplan-Meier
curves were plotted to demonstrate unadjusted survival, and the
‘stcurve’ function was used in Stata 18.0 to illustrate adjusted sur-
vival, using the previously specified Cox model on a single extracted
data set from our imputed model. Cox models were judged to be
appropriate after assessment of Kaplan-Meier survival curves and
confirmed by the assessment of the Schoenfeld residuals, demon-
strating proportional hazard over our study period.

A secondary analysis was undertaken to assess the risk of
CV mortality over the study period, adjusting for the same variable
list as the previous Cox model, with CV mortality as the failure and
remaining non-CV mortality censored at the time of occurrence.
For the display of temporal trends of 1-year mortality and 5-year

mortality, years were arranged into 3-year periods to ensure
adequate numbers of deaths in people with RA (2005-2007,
2008-2010, 2011-2013, 2014-2016, and 2017-2019; not
included in 5-year mortality), and the risk of mortality was calcu-
lated using our Cox regression model for each period, correcting
for the same variables, aside from year of study, which was
removed as a covariate.

Supplementary analyses assessed CV mortality with non-CV
mortality as a competing risk with a Fine and Gray competing risk
regression model. Given our substantial population size, we used
one-to-one nearest neighbor propensity score matching, with
matching undertaken for all previously defined Cox model covari-
ates using the ‘psmatch2’ function on Stata 18.0. A Fine and
Gray competing risk regression model was then applied, with
non-CV mortality as a competing risk. Further supplementary
analyses identified patients with ICD-10 code Z922 (personal his-
tory of drug therapy, including monoclonal drugs, regular gluco-
corticoids, and immune checkpoint inhibitors) and used this to
form “mild” and “severe” RA groups. All statistical analyses were
performed using Stata (version 18.0). The authors do not have
authorization to share the data, but the data can be accessed
through contacting the National Institute for CV Outcomes
Research on approval.

RESULTS

Study population and baseline characteristics. A
total of 784,091 patients with AMI remained after applying the
exclusion criteria (Supplementary Figure 1): 6,047 with a diagno-
sis of RA at the time of admission (1%) and 778,044 without. Peo-
ple with RA were older in median years (74 vs 70), more likely to
be female (56% vs 34%) and more likely to be of White race
(94% vs 91%) (all P < 0.001) (Table 1).

People with RA were less likely to be current smokers (21%
vs 28%), less likely to have hypercholesterolemia (26% vs 32%),
and less likely to present with STEMI (33% vs 39%) (all
P < 0.001). People with RA were more likely to have a diagnosis
of asthma or COPD (22% vs 15%, P < 0.001) and were more
likely to present with diabetes mellitus (21% vs 19%, P = 0.005).
Supplementary Figure 2 shows the increasing proportion of
patients with AMI with a diagnosis of RA in the MINAP registry
over the study period, from 0.4% in 2005 to 1.7% in 2019. Sup-
plementary Figure 3 illustrates the different proportions of cause
of death between patients with RA and those without
RA. People with RA were less likely to die of a CV cause (37% vs
41%) but were more likely to die because of chronic respiratory
disease (11% vs 7%).

Quality of AMI care. People with RA were less likely to
receive low molecular weight heparin (LMWH) (49% vs 55%) but
more likely to receive fondaparinux (42% vs 30%) (both
P < 0.001). Rates of prescription of aspirin (96% vs 96%,
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Table 1. Baseline demographics of people with AMI according to presence of RA*

Variables RA (N = 6,047) AMI with no RA (N = 778,044) Pvalue
Age, median (IQR), y 74 (65-81) 70 (59-80) <0.001
Female, n/N (%) 3,364/6,047 (56) 261,753/778,044 (34) <0.001
BMI, median (IQR), ke/m? 26.4(23.0-30.4) 26.9 (24.0-30.5) <0.001
Ethnicity: White, n/N (%) 4,104/4,371 (94) 353,299/389,833 (91) <0.001
Ethnicity: Asian, n/N (%) 169/4,371 (4) 24,046/389,833 (6)
Ethnicity: Black, n/N (%) 40/4,371 (1) 3,918/389,833 (1)
Ethnicity: Mixed, n/N (%) 58/4,371 (1) 8,570/389,833 (2)
Basal crepitations, n/N (%) 698/4,080 (17) 44,132/345,458 (13) <0.001
Pulmonary edema, n/N (%) 217/4,080 (5) 17,311/345,458 (5)
Cardiogenic shock, n/N (%) 70/4,080 (2) 5,698/345,458 (2)
EKG ST changes, n/N (%) 4,816/5,923 (81) 653,385/752,328 (87) <0.001
Previous smoker, n/N (%) 2,096/5,601 (37) 239,615/720,020 (33) <0.001
Current smoker, n/N (%) 1,173/5,601 (21) 202,349/720,020 (28) <0.001
CCF, n/N (%) 314/5,431 (6) 37,337/704,929 (5) 0.112
Hypercholesterolemia, n/N (%) 1,388/5,396 (26) 223,191/702,101 (32) <0.001
Cerebrovascular disease, n/N (%) 431/5,429 (8) 58,423/705,183 (8) 0.357
History of angina, n/N (%) 1,084/5,445 (20) 160,857/711,075 (23) <0.001
Peripheral vascular disease, n/N (%) 241/5,393 (4) 30,311/699,205 (4) 0.631
Chronic renal failure, n/N (%) 378/5,423 (7) 39,463/703,966 (6) <0.001
Diabetes mellitus, n/N (%) 1,138/5,880 (19) 156,539/751,208 (21) 0.005
Hypertension, n/N (%) 2,851/5,476 (52) 357,274/718,109 (50) 0.001
Asthma/COPD, n/N (%) 1,204/5,437 (22) 107,087/701,425 (15) <0.001
Family history of CAD, n/N (%) 1,082/4,590 (24) 178,783/581,791 (31) <0.001
Previous AMI, n/N (%) 809/5,463 (15) 123,930/718,248 (17) <0.001
Previous PCl, n/N (%) 389/5,383 (7) 50,168/706,756 (7) 0.715
Previous CABG, n/N (%) 235/5,392 (4) 39,781/708,137 (6) <0.001
STEMI, n/N (%) 2,016/6,047 (33) 303,966/778,044 (39) <0.001
Heart rate, median (IQR), bpm 80 (69-94) 78 (66-92) <0.001
Systolic blood pressure, median (IQR), mm Hg 137 (119-156) 138 (120-157) 0.090
Good LV function, n/N (%) 1,733/4,591 (38) 192,704/539,767 (36) <0.001
Moderate LVSD, n/N (%) 1,052/4,591 (23) 118,860/539,767 (22)
Severe LVSD, n/N (%) 351/4,591 (8) 39,406/539,767 (7)
Cardiac arrest, n/N (%) 296/5,910 (5) 48,125/753,488 (6) <0.001

* AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary
artery disease; CCF, congestive cardiac failure; COPD, chronic obstructive pulmonary disease; EKG, electrocardio-
gram; IQR, interquartile range; LV, left ventricular; LVSD, LV systolic dysfunction; PCl, percutaneous coronary inter-
vention; RA, rheumatoid arthritis; STEMI, ST-elevation myocardial infarction.

P = 0.006) and P2Y12 inhibitors (86% vs 86%, P = 0.130) were
similar (Table 2). People with RA were less likely to receive ACE
inhibitors (71% vs 75%) or statins (80% vs 83%) post-AMI (both
P < 0.001). Rates of invasive coronary angiography (68% vs
68%, P = 0.478), PCI (43% vs 44%, P = 0.642), and CABG (2%
vs 3%, P = 0.005) were similar between groups.

Post-AMI outcomes. Inpatient (7% vs 6%), 30-day (9% vs
7%), and 1-year (20% vs 16%) all-cause mortality were higher in
the RA cohort (all P <0.001). The Kaplan-Meier estimate of
5-year all-cause mortality was significantly higher in the RA cohort
(45% vs 33%). Figure 1A illustrates the long-term unadjusted sur-
vival of people with RA compared with people with >10 years of
follow-up where available. Figure 1B illustrates long-term unad-
justed survival from CV causes of death only over the same study
period. Supplementary Figure 4 demonstrates a log plot of our
survival model, and Supplementary Figure 5 shows variables
included in our multiple imputation model. Supplementary Figure 6
shows adjusted survival over our entire study period.

There was no significant difference in 30-day mortality
between people with RA and those without after the models were
adjusted for all available confounders (@HR 1.0, 95% CI 0.99—
1.19; P = 0.075) (Table 3). However, at 1 year (@aHR 1.14, 95%
Cl 1.07-1.21; P < 0.001), 5 years (aHR 1.28, 95% Cl 1.23-1.33;
P < 0.001), and to the end of the study period (July 31, 2021)
(@HR 1.31, 95% CI 1.26-1.36; P < 0.001), the risk of all-cause
mortality was significantly higher in the RA cohort. Thirty-day
(@HR 1.08, 95% CI 0.97-1.19; P = 0.172) and 1-year (aHR 1.08,
95% CI 1.00-1.17; P = 0.058) CV-specific mortality was not sig-
nificantly higher in those with RA, but 5-year (@aHR 1.15, 95% ClI
1.08-1.23; P < 0.001) and total study period CV mortality (aHR
1.18, 95% Cl 1.11-1.24; P < 0.001) were higher in those with
RA (Table 4). Figure 2A and B illustrates the temporal trends of
adjusted 1-year and 5-year mortality for the five 3-year periods
across our study period, illustrating that the disparity in 1-year
and 5-year mortality across study years according to the pres-
ence of RA has not improved in the years between 2005
and 2019.
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Table 2. Management strategy and clinical outcome comparison between people with AMI according to presence

of RA*
Variables RA (N = 6,047) AMI with no RA (N = 778,044) Pvalue
Low molecular-weight heparin, n/N (%) 2,347/4,785 (49) 356,160/645,362 (55) <0.001
Fondaparinux, n/N (%) 1,870/4,504 (42) 165,686/544,626 (30) <0.001
Warfarin, n/N (%) 255/4,776 (5) 33,600/634,894 (5) 0.885
Glycoprotein 2b/3a inhibitor, n/N (%) 294/4,821 (6) 56,028/647,310 (9) <0.001
IV nitrate, n/N (%) 776/4,778 (16) 112,371/635,401 (18) 0.009
MRA, n/N (%) 326/4,181 (8) 33,964/454,171 (7) 0.435
Aspirin, n/N (%) 5,751/6,010 (96) 743,675/771,812 (96) 0.006
P2Y12 inhibitor, n/N (%) 5,100/5,916 (86) 637,060/745,000 (86) 0.130
Statins, n/N (%) 4,794/5,994 (80) 634,549/767,133 (83) <0.001
ACE inhibitors/ARB, n/N (%) 4,268/5,973 (71) 571,091/764,507 (75) <0.001
Beta-blockers, n/N (%) 4,827/5,999 (80) 603,214/766,230 (79) 0.001
Inpatient invasive coronary 3,946/5,800 (68) 505,413/738,159 (68) 0.478
angiogram, n/N (%)
Inpatient PCl, n/N (%) 2,578/5,962 (43) 332,127/762,804 (44) 0.642
CABG surgery, n/N (%) 102/4,378 (2) 16,787/597,557 (3) 0.055
Revascularization (CABG 2,662/5,921 (45) 348,182/762,988 (46) 0.299
surgery/PCl), n/N (%)
Inpatient mortality, n/N (%) 437/6,047 (7) 45,696/778,044 (6) <0.001
Thirty-day mortality, n/N (%) 520/6,047 (9) 55,638/778,044 (7) <0.001
One-year mortality, n/N (%) 1,183/6,047 (20) 123,658/778,044 (16) <0.001
Five-year mortality (Kaplan-Meier 45 33
estimate), %
Reinfarction, n/N (%) 65/5,461 (1) 10,167/700,668 (1) 0.108
Major bleeding, n/N (%) 49/5,835 (1) 6,522/747,931 (1) 0.792
MACE, n/N (%) 484/6,047 (8) 53,760/778,044 (7) 0.001

* MACE is defined as the composite endpoint of in-hospital death and reinfarction. ACE, angiotensin-converting
enzyme; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft;
IV, intravenous; MACE, major adverse cardiovascular event; MRA, mineralocorticoid receptor antagonist; PCl,

percutaneous coronary intervention; RA, rheumatoid arthritis.
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Table 3. All-cause mortality survival analysis for people with acute
myocardial infarction with or without RA at time of presentation”

Outcome variables aHR (95% Cl)? Pvalue
Primary outcomes

Thirty-day mortality 1.09 (0.99-1.19) 0.075
One-year mortality 1.14(1.07-1.21) <0.001
Five-year mortality 1.28 (1.23-1.33) <0.001
Overall mortalit 1.31(1.26-1.36) <0.001

* The aHRs are presented with 95% Cls, adjusted for age at admis-
sion, sex, ethnicity, year of admission, heart rate, blood pressure,
comorbid conditions (hypertension; diabetes mellitus; history of
asthma or chronic obstructive pulmonary disease; history of cere-
brovascular accident or peripheral vascular disease; hypercholes-
terolemia; family history of coronary artery disease; smoking
history; chronic renal failure; previous acute myocardial infarction;
angina; previous percutaneous coronary intervention and previous
coronary artery bypass graft; and medical therapy, including warfa-
rin, invasive coronary angiogram, and inpatient revascularization by
percutaneous coronary intervention or coronary artery bypass
graft), cardiac arrest, left ventricular systolic function, Killip classifi-
cation, and admission hospital region. aHR, adjusted hazard ratio;
Cl, confidence interval; RA, rheumatoid arthritis.

@ Values show comparison between patients with RA and those
without.

Supplementary analyses. Supplementary Table 1 shows
the ICD-10 diagnostic codes used to identify patients with
RA. When evaluating specific quality indicators for patients with-
out STEMI, the proportion of people undergoing their invasive
coronary angiogram within 72 hours was not significantly different
between people with or without RA (58% vs 57%, P = 0.813)
(Supplementary Table 2). The proportion of people receiving dual
antiplatelet therapy (DAPT) was the same between groups (83%
vs 83%, P = 0.605). The proportion of people referred to cardiac
rehabilitation on discharge was lower in the RA group (76% vs
78%, P < 0.001).

Table 4. Cardiovascular mortality survival analysis for people with
acute myocardial infarction with or without RA at time of presentation*

Outcome variables aHR (95% Cl)? Pvalue
Primary outcomes

Thirty-day mortality 1.06 (0.95-1.17) 0.322
One-year mortality 1.08 (1.00-1.17) 0.058
Five-year mortality 1.15(1.08-1.23) <0.001
Overall mortalit 1.18(1.11-1.24) <0.001

* The aHRs are presented with 95% Cls, adjusted for age at admis-
sion, sex, ethnicity, year of admission, heart rate, blood pressure,
comorbid conditions (hypertension; diabetes mellitus; history of
asthma or chronic obstructive pulmonary disease; history of cere-
brovascular accident or peripheral vascular disease; hypercholes-
terolemia; family history of coronary artery disease; smoking
history; chronic renal failure; previous acute myocardial infarction;
angina; previous percutaneous coronary intervention and previous
coronary artery bypass graft; and medical therapy, including warfa-
rin, invasive coronary angiogram, and inpatient revascularization by
percutaneous coronary intervention or coronary artery bypass
graft), cardiac arrest, left ventricular systolic function, Killip classifi-
cation, and admission hospital region. Noncardiovascular mortality
was censored at the time of occurrence. aHR, adjusted hazard ratio;
Cl, confidence interval; RA, rheumatoid arthritis.

@ Values show comparison between patients with RA and those
without.

For STEMI, people with RA had a lower proportion of
patients receiving a call to balloon time of <120 minutes (51% vs
60%, P < 0.001), although there was no significant difference in
the proportion of people achieving a door to balloon time of
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Figure 2. Temporal trends of all-cause mortality over the study
period according to the presence of rheumatoid arthritis. (A) One-year
mortality. (B) Five-year mortality.



856

BUTLER ET AL

<60 minutes (71% vs 73%, P = 0.149) or 90 minutes (85% vs
86%, P = 0.108) (Supplementary Table 3). People with RA were
more likely to have their left ventricular function assessed while
an inpatient (76% vs 71%, P < 0.001). There was no significant
difference in mean Opportunity-Based Quality Indicators score
between people with and without RA (86.9 vs 87.0, P = 0.086).
The results of our complete case analysis, on all study participants
with full data available are shown in Supplementary Tables 4-6.

The results for our supplementary analysis, categorizing
patients’ severity of RA (mild or severe) according to whether
patients are taking disease-modifying antirheumatic drugs or bio-
logic therapies are shown in Supplementary Table 7 (all-cause
mortality) and Supplementary Table 8 (CV mortality). When includ-
ing non-CV mortality as a competing risk, the results for CV mor-
tality were very similar, with no significant increase in risk at
1 year (@HR 1.04, 95% CI 0.93-1.17; P = 0.478) but elevated risk
in people with RA at 5 years (@HR 1.11, 95% CI 1.01-1.22;
P = 0.029) and for the total study period (@HR 1.10, 95% CI
1.01-1.21; P = 0.025) (Supplementary Table 9).

DISCUSSION

Our comprehensive analysis of >780,000 individuals admit-
ted with AMI, with a median follow-up of >6 years, shows impor-
tant differences in the long-term outcomes of people with RA
and AM. First, the number of people in our registry with RA pre-
senting with AMI increased progressively over our study period,
likely reflecting that this is a growing population, worthy of future
study and additionally reflecting improved comorbidity coding
over the study. Second, there was no significant difference in the
quality of care received between people with or without RA after
AMI, with people with RA receiving high-quality AMI care through-
out the course of the study, with regard to guideline-directed
medical therapy, invasive coronary angiography, and revasculari-
zation by either PCI or CABG.

Despite this, people with RA had significantly higher adjusted
all-cause mortality at 1 year, 5 years, and up to the end of the
study period, with a median follow-up of 6 years for included per-
sons. Importantly, this elevated mortality risk was not significant at
30 days. People with RA had significantly higher CV mortality
at 1 year and beyond, emphasizing the importance of CVD in the
RA cohort. Despite contemporary improvements in therapies for
RA, the increased risk of 1-year mortality for patients with RA
remains persistent from the early to latter years of our study.

Previous studies in this area have important limitations,
meaning that our study adds an important perspective in the con-
temporary management of AMI in people with RA in a large, uni-
versal health care system. Studies have frequently been limited
by either a small population of people with RA, who are
limited to either in-hospital or short-term mortality follow-up, or
have mostly enrolled patients in the early 2000s, when access to
newer biologic therapies was more restricted.®!”

Given that people with RA have a systemic inflammatory
response, leading to significantly higher concentrations of circu-
lating pro-inflammatory cytokines, it is no surprise that there is
accelerated formation of coronary artery plaque* alongside a
challenging combination of endothelial dysfunction, insulin resis-
tance, and dyslipidemia, which all contribute to the excess CV
mortality seen in those with RA.*® The long-term all-cause mortal-
ity risk in those with RA after AMI is replicated in studies world-
wide, in the United States, Finland, Sweden, and Taiwan,®"2%2"
for example showing a consistent association with premature
mortality across different health care systems and populations.
Our study adds to the literature that in individuals with AMI those
with RA have a higher risk of long-term all-cause mortality, but
we additionally demonstrate the importance of CV-specific
mortality.

Although the picture of elevated long-term all-cause mortality
is now clear, there has been uncertainty in the interpretation of lit-
erature regarding in-hospital quality of care and early mortality
according to the presence of RA. Previous studies have shown a
range of findings in this domain. Van Doornum et al demonstrated
poorer rates of guideline-directed medical therapy, reperfusion,
and in-hospital mortality in those with RA,® and Lai et al noted
increased in-hospital and overall mortality in patients with RA in
their nationwide Taiwanese study.?' Conversely, Francis et al
and Elbadawi et al show that RA was associated with lower inpa-
tient mortality in their US nationwide studies.®#? With no signifi-
cant difference in in-hospital quality of care or all-cause mortality
at 30 days in our study, we add further evidence to the suggestion
that in a contemporary, universal health care setting, there is no
significant disparity in access to high-quality AMI care for people
with RA and that their early mortality post-AMI does not seem to
be any different to that of the non-AMI population.

Although we are considering the impact of AMI, it must be
considered that people with RA already have significantly elevated
longer-term all-cause mortality than the general population, with
higher rates of not just Ml but additionally heart failure and
stroke.?® This is not surprising, given the elevated risk of important
modifiable risk factors such as obesity, physical inactivity, hyper-
tension, hyperlipidemia, and diabetes mellitus in people with RA,
which are significant contributors to the elevated long-term all-
cause mortality seen in this cohort.2*2® Furthermore, there is
increased risk associated with medications used to treat RA, such
as glucocorticoids and JAK inhibitors, with regard to CVD and all-
cause mortality.2”+?® Historically, it has been the excess burden of
CV mortality that is a major driver of this higher all-cause mortality,
but there has been recent evidence suggesting that CV mortality
in patients with RA is declining, likely through a combination of
improvements in RA therapy and reductions in modifiable risk fac-
tors such as smoking, whereas respiratory and neoplastic causes
of death are either static or increasing.?® There are also growing
data in the more contemporary era to suggest that in well-treated
inflammatory arthritis, 5-year survival is becoming comparable
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with that of the baseline population.®° It was therefore disappoint-
ing that despite advances in RA therapy over our study period,
this has not translated to narrowing the disparity in survival post-
AMI, and that CV-specific mortality remains a significant contribu-
tor to this. Our cause of death analysis on our RA population
shows higher rates of neoplastic, chronic respiratory and infective
deaths than the general AMI population, which is in keeping with
previous analyses of cause of death in people with RA.®"

One area of potential improvement in the quality of care of all
patients post-AMI could be increased rates of referral to cardiac
rehabilitation at the point of discharge, an intervention with well-
established evidence to reduce long-term mortality and improve
quality of life.%? We acknowledge that there could be patient-level
reasons why referral, attendance, or completion of cardiac reha-
bilitation is lower than ideal in all patients and lower still in patients
with RA. Furthermore, our study shows that over time, the pro-
portion of people with an RA diagnosis at the time of AMI is
increasing. This is in keeping with predictive modeling using data
from the Global Burden of Diseases, Injuries, and Risk Factors
Study suggesting that the RA population will continue to grow
over the coming years, partly attributable to improvement of diag-
nosis and reduction of excess mortality in early RA.5%3* We sus-
pect that improvement in the comorbidity coding for AMI
admissions in the MINAP registry also contributes. Despite this,
we suggest that the rates of people with RA presenting with AMI
are increasing, just not to the extent suggested by our temporal
trends analysis.

In summary, our findings indicate that RA remains associ-
ated with significantly increased long-term mortality following
AMI, even in the context of equitable inpatient care, and that this
disparity has not narrowed over a 15-year study period despite
advances in modern RA therapies. We suggest that further stud-
ies should focus on identifying and addressing the disparities in
the management of RA and its effects on patients’ long-term
health and to determine if more aggressive RA therapies are
warranted.

There are several major strengths to this study. The MINAP
registry collects robust data, with many variables recorded from
all those presenting to the hospital with AMI in the
United Kingdom. Our results are more likely to be representative
of other publicly funded health care models globally, owing to
the balancing out of regional differences. Our postdischarge mor-
tality data from the ONS enables us to assess cause-specific
mortality at least 2 years for all included persons. Furthermore,
our paper studies people within a universal health care system,
in which health care is free at the point of use; therefore, there
should not be significant regional or socioeconomic disparities in
access to aspects of high-quality AMI care that one may expect
to see in insurance-based health care systems.®®

There are several important limitations to consider in this
study. First, there is no external validation of data inputs in the
MINAP database. RA status is determined by HES coding, which

may lack clinical verification (eg, seropositive vs seronegative RA).
We can see increased and improved comorbidity coding over the
study period; therefore, we suspect that the proportion of people
with RA in the early years of the study is underestimated. Second,
although the MINAP database collects many variables, it does not
collect data on frailty, an exhaustive list of comorbidities, disease
severity, or the intensity or timescale of RA treatments; these
important covariates are not then able to be included within our
adjusted models, leaving a risk of residual confounding. There-
fore, our ability to subclassify patients is limited and we may miss
disparities in management. We additionally lack detailed data on
baseline CV risk status of patients, with no access to whether
there is baseline coronary calcification from prior imaging, for
example, and we do not have access to biomarker data such as
high-sensitivity C-reactive protein levels. Furthermore, long-term
mortality outcomes may be influenced by adherence to therapy,
ongoing RA care, or postdischarge cardiac follow-up, none of
which are captured, and therefore cannot be included within our
adjusted models.

Given that we are assessing long-term mortality, a further
limitation is our usage of baseline variable collection at time of
admission, and we are unable to adjust for time-varying con-
founders over the course of the study. The most important lim-
itation of our study is the lack of ability with which to accurately
stratify the severity of RA given the limited capture of important
additional metrics that could stratify severity, such as the
usage of disease-modifying antirheumatic drugs, usage of
long-term glucocorticoids, or active usage of biologic therapy.
Additionally, the inclusion of a second measure of RA status
would improve the reliability of capturing RA status from
administrative data sets, and we acknowledge a risk of mis-
classification of patients because of the lack of a second mea-
sure.®® Overall, our method of identification of patients with RA
carries a risk of overestimating patient numbers by including
patients that either do not have RA or have very mild disease;
therefore, we may be underestimating mortality risk post-AMI
in the RA cohort by including low-risk patients, reflecting bias
toward the null, and it is important that our results are inter-
preted in this context.

There was a possible selection bias in our quality-of-care
groups, because to receive a referral for cardiac rehabilitation
people need to be fit enough to attend, have sufficient renal func-
tion to tolerate ACE inhibitors, and have a prognosis good enough
to start on statins. Finally, it must be considered that MINAP is an
AMI-specific registry, and we are unable to compare outcomes
with people without AMI.

Our nationwide analysis of the long-term outcomes of
>780,000 people in England and Wales with AMI, 6,047 of whom
had RA, shows that there is a growing proportion of patients
admitted with AMI who have a diagnosis of RA, but those with
RA do not experience significant disparities in inpatient AMI care.
Although there is no significant difference in 30-day mortality,
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those with RA have an elevated risk of long-term all-cause and
CV-specific mortality. Finally, we report that the degree of ele-
vated mortality risk in those with RA has not decreased over our
study period despite advances in RA therapies.
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Objective. Sjogren’s disease is an autoimmune disorder that can impact multiple organ systems, including the
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strong when the benefits significantly outweighed potential harms, creating a scenario in which most patients would
prefer the advised action.

TLewis Katz School of Medicine at Temple University, Philadelphia,

Pennsylvania; 2Scripps Memorial Hospital and Research Foundation, La
Jolla, California; 3Sjt')gren’s Foundation, Reston, Virginia; 4Temple Univer-
sity Kornberg School of Dentistry, Philadelphia, Pennsylvania; *Stanford
University, Palo Alto, California; ®Inova Health Systems, Ashburn, Virginia;
“University of Virginia, Charlottesville, Virginia; 8Mercy Hospital, Moore,
Oklahoma; ®Honor Health, Scottsdale, Arizona; '°David Geffen School of
Medicine Center at University of California, Los Angeles; '"Donald and Bar-
bara Zucker School of Medicine at Hofstra/Northwell, New York Medical
College, New York; "University of Kansas, Kansas City; '*Athens Medical
Center, Athens, Greece; '“Cedars-Sinai Medical Center, Los Angeles, Cali-
fornia; ">California State University, Northridge; ®Memorial Care, Saddle-
back Medical Center, Laguna Hills, California; ""Medical Research
Foundation, Oklahoma City, Oklahoma; "®University of Oklahoma Health
Sciences Center, Oklahoma City; '?Oklahoma City Department of Veterans
Affairs Medical Center, Oklahoma City, Oklahoma; 2°Washington

860

University School of Medicine, Saint Louis, Missouri; 2'University of Califor-
nia, San Francisco; *Herbert Wertheim School of Optometry and Vision
Science, University of California, Berkeley; 23NYU Grossman Long Island
School of Medicine, Mineola, New York.

Drs. Carteron and Carsons are co-last 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.70004).

Author disclosures and graphical abstract are available at https://
onlinelibrary.wiley.com/doi/10.1002/acr.70004.

Address correspondence via email to Katherine M. Hammitt, MA, at
khammitt@sjogrens.org

Submitted for publication April 18, 2025; accepted in revised form
November 6, 2025.


https://orcid.org/0000-0002-5080-597X
https://orcid.org/0000-0002-0002-1907
https://orcid.org/0000-0002-7431-6169
https://orcid.org/0000-0002-1001-6044
https://orcid.org/0000-0002-2502-1372
https://doi.org/10.1002/acr.70004
https://doi.org/10.1002/acr.70004
https://onlinelibrary.wiley.com/doi/10.1002/acr.70004
https://onlinelibrary.wiley.com/doi/10.1002/acr.70004
mailto:khammitt@sjogrens.org
http://creativecommons.org/licenses/by-nc/4.0/

GUIDELINE ON PNS MANIFESTATIONS IN SJOGREN

861

SIGNIFICANCE & INNOVATIONS

* An evidence-based clinical practice guideline was
developed to assist in the evaluation and management
of peripheral nervous system (PNS) manifestations in
Sjogren’s disease, including mononeuropathies, poly-
neuropathies, and autonomic nervous system (ANS)
neuropathies.

+ A multidisciplinary team of rheumatologists, neu-
rologists, and guideline methodologists conducted
a systematic review and developed standardized
nomenclature, 31 good practices for evaluation,
and 20 treatment recommendations for PNS and
ANS manifestations in Sjogren’s disease.

+ The guideline also uses a unified terminology and
framework to facilitate multidisciplinary collaboration
and improve patient outcomes in the management of
Sjogren’s disease-related PNS manifestations.

+ The available evidence, primarily from case series
and cohort studies without comparison groups,
necessitated reliance on expert consensus for many
recommendations, although strong recommenda-
tions were made when potential benefits clearly
outweighed risks.

INTRODUCTION

Sjogren’s disease (SjD), a complex autoimmune disorder,
impacts multiple organ systems including the peripheral nervous
system (PNS). Reports on the prevalence of PNS manifestations
in SiD range from 8% to 60%."~"" Evidence suggests the preva-
lence of PNS manifestations in SiD is significantly underesti-
mated."® Contributing to underreporting are neuropathies that
are asymptomatic in early stages and/or underrecognized as a
feature of SjD.° The mean age of diagnosis of PNS manifestations
is 59 years, often preceding the SjD diagnosis in up to 90% of
patients.>® "3 The consequences of PNS manifestations in
SiD significantly diminish patients’ quality of life (QOL) while pre-
senting diagnostic and management challenges for health care
providers.2 1417

PNS manifestations encompass a spectrum of neurologic
abnormalities, including cranial neuropathies (trigeminal neuropa-
thy and facial neuropathy), polyneuropathies (large fiber
neuropathy, small fiber neuropathy, and demyelinating polyradi-
culoneuropathy), and autonomic nervous system (ANS) neuropa-
thies (postural tachycardia, orthostatic hypotension, and
autonomic dysfunction).? 1820 Additionally, some patients with
SiD may develop vasculitic neuropathy or ganglionopathy, which
can be rapidly debilitating.2"?? Autonomic disorders contribute
to reduced QOL and function, which can be overlooked or mis-
diagnosed as anxiety or functional disorders. Patients with SjD
may experience various multiple peripheral neuropathies concur-
rently. Understanding the specific subtype of peripheral neuropa-
thy and the underlying pathophysiologic mechanisms is essential

to effectively diagnosing and treating comorbid conditions. There-
fore, a collaborative, multidisciplinary approach to patient evalua-
tion involving neurologists, rheumatologists, and other
specialists proves invaluable.

In response to the growing recognition of PNS involvement
and management uncertainties, the Sjogren’s Foundation con-
vened a Topic Review Group (TRG) of neurologists and rheuma-
tologists to develop an evidence-based guideline on PNS
manifestations in patients with SjD. The guideline incorporates
aligned nomenclature of PNS terms that can be used across dis-
ciplines, which was used in developing good practices for the
evaluation of suspected PNS manifestations and evidence-based
treatment recommendations. This guideline provides rheumatolo-
gists, neurologists, primary care providers, and other members of
the health care team with an evidence-based and consensus-
based resource for collaborative assessment, diagnosis, and
treatment of PNS manifestations in SjD.

METHODS

We developed this evidence-based guideline based on the
methodology of the American College of Rheumatology (ACR),%®
which was previously used for other Sjogren’s Foundation guide-
lines.?*?% We used principles of the American Society of Clinical
Oncology, the US Preventive Services Taskforce, and the Ameri-
can Dental Association to formulate the methodology.26~2° During
the process of developing the recommendations, we transitioned
to the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) system for rating the strength of each
recommendation.?%~32

We assembled the PNS TRG, consisting of six neurologists
(AD, EDS, BPG, SM, PPP, and AV), six rheumatologists (RF,
MCB, SD, JKK, GN, and DJW), one member dual-specialized in
neurology and rheumatology (GS), and one patient representative
(KMH). We invited neurologists with specific experience in SiD
and who collaborate with rheumatologists in managing their
patients with SjD. Leadership for the PNS TRG included
coleaders (a rheumatologist [RF] and a neurologist [AD]), guideline
oversight committee members (SC, NC, and RHS), and a guide-
line expert (JF-H).

The Sjogren’s Foundation guideline policy is that TRG mem-
bers with a direct financial conflict of interest (COI), defined as
receiving funds directly from industry related to a treatment or
procedure addressed in the guideline, must be recused from
engaging in that part of the project, and no more than 49% of
the TRG members can have a direct COl. Al TRG members
signed a COIl and disclosed any potential financial conflicts at
the project’s onset, which was periodically updated. The guideline
leadership (SC, NC, RHS, RF, and AD) managed conflicts
accordingly. Panelists were aware of disclosures. No direct COls
were identified, and only 40% had indirect COI disclosures
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(defined as engagements with industry not directly related to a
treatment or procedure addressed in this guideline).

Our systematic review protocol is registered with
International Platform of Registered Systematic Review and
Meta-analysis Protocols (protocol 2025110020). The TRG
defined systematic review parameters, inclusion/exclusion cri-
teria, endpoints (Supplementary Material 1), and the Patient, Inter-
vention, Comparison, and Outcome (PICO) questions. The
overarching therapy PICO question for the treatment recommen-
dations was as follows: in patients with SjD and PNS manifesta-
tions (mononeuropathies, polyneuropathies, and vasculitis) and
ANS manifestations, which therapies are most effective in improv-
ing neurologic symptoms or function? The overarching evaluation
and monitoring PICO question for the good practice statements
was as follows: in patients with SjD and suspected PNS or ANS
manifestations, which diagnostic and monitoring strategies are
clinically useful for diagnosis and tracking disease progression or
treatment response? The full set of PICO questions is available in
Supplementary Material 2. We searched PubMed for articles pub-
lished in English between January 1, 1990, and May 1, 2023
(Supplementary Material 3), and updated the search through July
22, 2025. An Embase literature search was conducted through
July 22, 2025. At least two TRG members screened titles and
abstracts, and subsequently full-text articles, in duplicate, with
discrepancies resolved by mutual discussion. Two TRG members
conducted data extraction and quality assessment in duplicate,
with discrepancies resolved via discussion. The quality assess-
ment involved rating the overall quality of each study according
to criteria related to study design and the risk of bias used in rec-
ommendation development.

The TRG engaged in collaborative efforts to unify terminology
and define the nomenclature used to describe PNS manifesta-
tions. The unified nomenclature provided the structure and cate-
gories for the subsequent good practices and treatment
recommendations.®®

The TRG intended to develop evidence-based recommen-
dations for the evaluation of PNS manifestations in patients with
SiD. However, the identified studies provided information on
which tests were used but did not address sensitivity, specificity,
positive predictive values, negative predictive values, and likeli-
hood ratios in an SjD population. Thus, we used a good practices
approach for the evaluation portion of the project. For this, we
categorized the most common diagnostic tests reported and
used expert opinion to develop good practice statements for eval-
uating patients with SjD who present with PNS symptoms.

The TRG drafted recommendations on therapies for patients
with SiD with PNS manifestations. Each recommendation was
rated based on two factors: (1) the level of the available evidence
and (2) the strength of the recommendation based on confidence
that the recommendation offers the best current guidance for
practice (Supplementary Material 4). For each recommendation,
the TRG evaluated the balance between desirable and

undesirable effects, the quality of evidence, patients’ values and
preferences, and feasibility, including costs.®* Based on GRADE
methodology, a recommendation was considered strong, even if
the quality of evidence is low or very low, when the potential ben-
efit significantly outweighed the potential harm, aligning with the
majority of patients’ preferences, and when the potential harms
of inaction were unacceptable to patients. A conditional recom-
mendation was given when the potential benefit slightly out-
weighed the potential harm, leading to a more varied preference
among patients. We followed an anonymous Delphi-type process
to ascertain the level of agreement from the Consensus Expert
Panel (CEP)—composed of 69 members, including 39 rheumatol-
ogists, 20 neurologists who actively work with patients with SjD,
and 10 additional members, all of whom were patients with SjD
or family of patients (Appendix A; Supplementary Material 5). At
least 75% agreement was required for inclusion in the manu-
script, with repeated rounds of revision by the TRG and voting
until the consensus threshold was met. The formal consensus
process was deemed critical in view of the lack of high-quality
evidence.

The guideline process adhered to the Appraisal of Guidelines
for Research and Evaluation Il instrument (Supplementary
Material 6). For the systematic review component, we followed
the Preferred Reporting Iltems for Systematic Reviews and Meta-
Analyses checklist (Supplementary Material 7). This work did not
require institutional review board approval.

RESULTS
Systematic review

The TRG developed 102 clinical questions on SjD-related
PNS manifestations (Supplementary Material 2). These questions
spanned mononeuropathy, polyneuropathy, and autonomic neu-
ropathy and addressed diagnostic/evaluation procedures or ther-
apeutic interventions.

The literature search yielded 13,848 articles. After dupli-
cates were removed, 11,174 articles remained. Of these,
10,918 articles were excluded based on title/abstract
review, and 247 were excluded based on full-text review
(Figure 1). Alist of studies excluded at the full-text review stage,
with the reason for exclusion, is provided in Supplementary
Material 8.

Nine studies that addressed therapeutic interventions met
the inclusion criteria and were used to develop evidence-based
recommendations. Six were case series, one was a retrospective
cohort study, and two were prospective cohort studies lacking a
comparison group. Data extraction and quality assessment are
provided in Supplementary Material 9. Because of the lack of
high-quality evidence, most of the treatment recommendations
are based on expert opinion, informed by balancing benefits,
harms, and patient values.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram.
PNS nomenclature and definitions specialties that posed challenges to collaboration in clinical
management and guideline formulation.®®3® We aimed to
The guideline development process highlighted a critical bridge this gap by establishing consensus on the nomencla-
communication gap between rheumatology and neurology ture among neurologists and rheumatologists for PNS

clinicians because of differing terminologies used by the two involvement in SjD. A unified nomenclature that formed the
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basis of the guideline is available in Supplementary
Material 10.%°

Good practices and recommendations

The most common tests reported for evaluation of PNS
manifestations in patients with SjD were used to inform good
practice statements (Supplementary Material 11). Evidence from
the systematic review informed the recommendations
(Supplementary Material 9). Four rounds of anonymous consen-
sus Delphi voting occurred, with modifications to statements
made based on comments received from the survey as well as
journal reviewers. There was 74.3% to 95.7% participation in
each round (Supplementary Material 12).

Good practices and recommendations for each PNS cate-
gory are provided below, and a decision tree is provided in Sup-
plementary Material 13. The rationales for each good practice as
well as the rationale, balance of desirable and undesirable effects,
quality of evidence, values and preferences, and feasibility for
each recommendation are provided in Supplementary Mate-
rial 14. Additionally, Table 1 provides a list of questions for the cli-
nician to ask when the diagnosis of SjD is being considered.

Mononeuropathy. Various mononeuropathies are seen in
individuals with SjD, with a prevalence of 12% to 50%.'" These
include trigeminal neuralgia, trigeminal neuropathy, facial

neuropathy, and upper-extremity neuropathies. Trigeminal neu-
ralgia, characterized by severe facial pain, and trigeminal neurop-
athy, presenting with numbness or tingling, are common
manifestations. Facial neuropathy results in weakness of the mus-
cles of the upper and lower face. Upper-extremity neuropathies
include median neuropathy at the wrist (carpal tunnel syndrome)
and ulnar neuropathy.

When considering SjD as the etiology of a mononeuropathy,
it is important to exclude alternative causes, such as demyelinat-
ing lesions, neoplastic involvement, or infectious processes.
Prompt evaluation and treatment can mitigate symptoms and
may prevent long-term complications. Management includes
symptomatic medications for pain relief and treatments aimed at
the underlying pathology and preserving nerve function. The spe-
cific treatment will be dictated by the type and severity of the mono-
neuropathy to optimize outcomes and enhance QOL. Good practices
and recommendations for the evaluation and management of specific
mononeuropathies in patients with S|D are listed in Table 2, Supple-
mentary Material 13A, and Supplementary Material 14.

Polyneuropathy. Polyneuropathies encompass a spec-
trum of neurologic disorders affecting peripheral nerves with a
published prevalence of 10% to 20% in patients with SjD."1+35-28
These polyneuropathies include large fiber neuropathies, small
filoer neuropathies, demyelinating polyradiculoneuropathies,
ganglionopathies, and vasculitic neuropathies. The first step in

Table 1. Screening questions for potential Sjogren’s disease in patients with peripheral nervous system symptoms*

Systemic symptoms

Oral symptoms

Ocular symptoms

Do you experience extreme fatigue?

Do your joints or muscles ache when you
are not sick (arthralgias, myalgias)?

Do you have gland swelling in your face or
along the jawline (swollen parotid and/or
submandibular glands)?

Do you often experience heartburn, a sour
or bitter taste in your mouth, especially
when lying down or bending over?

Do you experience irritable bowel,
frequent diarrhea, constipation, bloating,
pain, or nausea (gastrointestinal
dysmotility)?

Do you notice your fingers turning pale or
blue in the cold (Raynaud disease)?

Do you have issues with memory, difficulty
concentrating on tasks, or experiencing
mental fatigue?

Do you have shortness of breath, a
persistent cough, chest discomfort, or
recurrent respiratory infections?

Do you have dryness of the vagina and/or
is intercourse painful? (women)

Do you have chronic prostatitis? (men)

Do you have dry, itchy, or flaking skin?

Does your mouth feel dry?

Do you need liquids to swallow dry foods?
Do you frequently sip/drink water?

Do you have a burning sensation in your
mouth (burning mouth syndrome)?

Do you have painful sores or red patches at
the corners of the mouth (angular cheilitis)?
Do you get frequent dental cavities and/or
cavities at the gumline?

Do your teeth tend to chip, crack, and/or
erode on the surfaces?

Do you experience gum inflammation or
receding gums (gingivitis?)

Do foods high in acid or heat (spicy) feel
irritating or painful?

Do your eyes frequently feel dry,
irritated, itchy, or painful?
Do you have a sensation that there might
be a foreign body in your eye?

+ Areyour eyes light-sensitive?
Do you frequently use eye drops for
irritation or dryness?
Is your vision frequently blurry, or do you
have unexplained vision changes?

- Are you prone to getting eye infections?
Do your eyes feel “gummy” and eyelids
stick together, especially upon waking?

* Symptoms should prompt further serologic evaluation and/or rheumatology consultation. An estimated 30% to 40% of patients with Sjégren’s
disease are negative for the anti-SSA autoantibody, so a patient can still have Sjogren’s disease without a positive test for this antibody.
Source: Reprinted with permission from the Sjégren’s Foundation. Copyright © 2024 Sjégren’s Foundation. All rights reserved.
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Table 2. Good practices and recommendations for mononeuropathies in patients with Sjogren’s disease

Screening good practices for mononeuropathies
Good practice 1

Sjogren’s patients with persistent facial pain or numbness should be assessed for dysfunction of cranial nerve V which

can manifest as either trigeminal neuralgia or trigeminal neuropathy.
+ Physical examination: assess for numbness or pain of the face in the distribution of one or more branches of the
trigeminal nerve, unilateral or bilateral, by testing for loss of light touch and either pin prick or cold sensation.
If the distribution of symptoms or findings on physical examination is consistent with trigeminal neuralgia or
trigeminal neuropathy, a contrast-enhanced brain MRI with attention to brainstem/skull base and exiting cranial
nerves should be performed to exclude structural or other etiologies of trigeminal dysfunction.
Consider electrophysiological testing, including blink reflex.

Good practice 2

SJogrens patients with unilateral facial weakness should be assessed for facial (cranial nerve VII) neuropathy.

Symptoms and physical examination findings: weakness of the upper and ipsilateral lower face. Upper facial

weakness manifests as an inability to raise the eyebrows, inability to wrinkle the forehead, weakness of eye closure,
or a widened palpebral fissure. Involvement of the lower facial muscles manifests as lip closure weakness, and facial
droop. Some patients experience a loss of taste on the anterior two-thirds of the tongue and/or hyperacusis
(hearing sensitivity) on the affected side.

Physical examination findings that may suggest an alternative etiology include coexisting cranial mononeuropathies,

ear canal vesicles, neck stiffness, headaches, and fevers. These findings should prompt an evaluation for Lyme
disease, herpes zoster, sarcoidosis, or variants of Guillain-Barré Syndrome (GBS), which may include lumbar

puncture.

Perform a contrast-enhanced brain MRI with attention to the brainstem/skull base and exiting cranial nerves to
exclude structural or other etiologies of facial neuropathy.
Consider electrophysiological testing with nerve conduction study, including blink reflex, and

electromyography (EMG).

Facial neuropathy rarely presents bilaterally. If the manifestations are bilateral or recurrent, a thorough evaluation
for more generalized systemic disease should be pursued.

Good practice 3

Sjogren’s patients who present with cranial mononeuropathies of other cranial nerves should be evaluated for

alternative etiologies. Work-up should include referral to the appropriate specialist, such as a neurologist,
otolaryngologist, ophthalmologist, speech pathologist, or gastroenterologist for evaluation.

Good practice 4

SJogrens patients with numbness, pain, or weakness of the hand should be evaluated for median or ulnar neuropathy.

Physical examination: Median neuropathy presents with sensory loss of the lateral (radial) three and ¥z digits,
atrophy of the thenar eminence, and weakness of thumb abduction. Ulnar neuropathy presents with sensory loss of
the medial one and ¥z digits, atrophy of intrinsic hand muscles, a “claw-hand” appearance, and weakness of the

fingers.

If a median or ulnar neuropathy is suspected, consider electrodiagnostic studies and/or nerve ultrasound.
Referral to a hand surgeon or other specialist who evaluates and treats carpal tunnel syndrome or ulnar neuropathy

should be considered.

If carpal tunnel surgical release is performed, a tenosynovial biopsy may be obtained to exclude amyloidosis.

Therapy recommendations for mononeuropathies

Recommendation 1

For patients with Sjogren’s-related trigeminal neuropathy, we recommend a

short course of oral glucocorticoids for suspected acute inflammatory

etiology.
Recommendation 2
recommend:

For patients with Sjogren's-related trigeminal neuralgia (neuropathic pain), we

First-line treatment with carbamazepine or oxcarbazepine.
Second-line treatments, either as alternatives or adjuncts, may include
gabapentin, pregabalin, baclofen, lamotrigine, lacosamide, or phenytoin.

Recommendation 3
recommend:

For patients with Sjogren’s who develop an acute facial neuropathy, we

Evidence  Strength of
rating recommendation
Very Low  Conditional
Very Low  Conditional
Very Low  Conditional

- Ashort course of glucocorticoid treatment for at least 10 days.

Consider the addition of valacyclovir.

patients with suspected polyneuropathy is to characterize the
particular type, as further evaluation varies based on this classifi-
cation (Supplementary Material 10).3® Neurology expertise can
assist in the accurate classification of polyneuropathies. The type
and severity of polyneuropathy will determine treatment strategies.
Again, early recognition and management can improve outcomes
and QOL. Clinicians should be aware that polyneuropathies can be
the initial manifestation of SjD, and identifying the etiology or the
pathophysiologic cause of the neuropathy may be challenging.
Good practices and recommmendations for the evaluation and

management of polyneuropathies in patients with SjD are listed
in Table 3, Supplementary Material 13B, and Supplementary
Material 14.

Autonomic neuropathy. ANS impairment can occur in
up to 50% of patients with SjD>'" with the potential to affect var-
ious autonomic systems and ranging from mild to severe auto-
nomic failure. Symptoms of ANS impairment in SjD typically
result from autonomic neuropathy or ganglionopathy and may
include orthostatic intolerance, vasomotor dysfunction, secretomotor



866 DEBOO ET AL

Table 3. Good practices and recommendations for polyneuropathies in patients with Sjogren’s disease

Screening good practices for polyneuropathies

Good practice 5 Recognize that neuropathies can have many causes, including Sjogren’s disease. Potential alternative etiologies should
be identified, such as diabetes, hypothyroidism, B-12 deficiency, monoclonal gammopathies, infectious etiologies,
toxins, and medications. Labs related to these etiologies should be ordered.

Good practice 6 Recognize that Sjogren’s patients can present with a wide range of symptoms, including diverse presentations of
peripheral neuropathies. For abnormal sensations suspected of being neuropathic, ask the following questions to
characterize the neuropathy:

1. Do you have numbness, tingling, pins and needles or buzzing sensation, burning pain, other abnormal sensations,
and/or weakness?
. Are the symptoms symmetric or asymmetric?
. Where is it worse—hands, feet, or all over?
. Where did you notice it first? (distal onset?)
. How long have symptoms been present?
. Do you have any gait disturbances/abnormalities?
Additional questions that may be useful in screening are:
7. Was the onset of neuropathy gradual or abrupt?
8. How have symptoms changed? (worse? persistent? intermittent? more proximal?)
9. Do symptoms awaken you from sleep?
10. Under what circumstances did symptoms begin (i.e. Did they start before or after new medication or infection?)
11. Have there been any exposures to medications, supplements, complementary and alternative medicine, or
occupational exposures that could be neurotoxic?

U~ WwN

Good practice 7 Sjogren’s patients who have symptoms suggesting a peripheral neuropathy should have a comprehensive neurological
examination.

Good practice 8 For Sjogren’s patients who have history and physical examination findings suggesting a peripheral neuropathy,
consider referral to a neurologist.

Good practice 9 For Sjogren’s patients with persistent neuropathic symptoms, electrodiagnostic studies (nerve conduction studies

[NCS] and electromyography [EMG]), should be performed by an experienced electromyographer. The study is best
timed at 1-4 weeks from the onset of symptoms, depending on the type, progression, and severity of the

neuropathy.

Good practice 10 For Sjogren’s patients with suspected small fiber neuropathy, consider evaluation of epidermal nerve fiber density with
punch skin biopsy to support this diagnosis.

Good practice 11 For Sjogren’s patients with suspected peripheral neuropathy and electrodiagnostic studies (NCS/EMG) warranting

additional evaluation or when there is no response to treatment, the following should be considered:
Fat pad and/or minor salivary gland biopsy if amyloid is suspected.
Nerve and muscle biopsy if vasculitis, amyloid, or other infiltrative processes are suspected.
Lumbar puncture should be reserved for assessing suspected cases of inflammatory demyelinating
polyradiculoneuropathy (including acute inflammatory demyelinating polyradiculoneuropathy [AIDP] and chronic
inflammatory demyelinating polyradiculoneuropathy [CIDP]), ganglionopathy, neoplastic diseases, or infection.
Good practice 12 For Sjogren’s patients with gait disturbance due to weakness, sensory loss, ataxia, or imbalance, consider assessments
for gait and balance training and for assistive devices by physical therapy, physical medicine rehabilitation (PMR),
and/or other related healthcare professionals.

Good practice 13 For Sjogren’s patients with polyneuropathy with neuropathic pain who have not benefited from initial treatments for
neuropathic pain, referral to a neurologist and/or a pain specialist may be warranted.

Good practice 14 For Sjogren’s patients with confirmed polyneuropathy, treatment choice depends on the type and location of
neuropathy, disease severity, and degree of systemic involvement (e.g., vasculitis).

Good practice 15 Vasculitic neuropathy should be considered in Sjogren’s patients with polyneuropathy and the following clinical

scenarios: Acute, painful, rapid onset, or stepwise progression of neurological deficit, clinical and electromyographic
evidence of multiple mononeuropathies, evidence of single-organ or systemic vasculitis, or immunologically active
disease as defined by cryoglobulinemia, hypocomplementemia, monoclonal gammopathy, positive rheumatoid
factor (RF), and elevated inflammatory markers.

Good practice 16 We recognize the technical difficulties in correctly identifying serum cryoglobulins. Therefore, other surrogate markers
associated with the presence of cryoglobulinemia (i.e., positive RF and C4 hypocomplementemia), in the appropriate
clinical context, may also be suggestive in those negative for serum cryoglobulins.

Good practice 17 For Sjogren’s patients with a suspicion of vasculitic neuropathy, EMG and NCS should be performed. The timing of this
study is based on the severity and tempo of presentation, typically 1-4 weeks after the onset of symptoms.

Good practice 18 For Sjogren’s patients with clinical and electrodiagnostic findings suggestive of a vasculitic etiology, a nerve and muscle
biopsy is warranted.

Good practice 19 For Sjogren’s patients with vasculitic neuropathy with cryoglobulinemia, repeat testing for serum cryoglobulin as a
biomarker for therapeutic response, along with complement C4 and RF as markers of biological response.

Therapy recommendations for polyneuropathies Evidence Strength of
rating recommendation
Recommendation 4 For Sjogren’s patients with neuropathic pain in the setting of a Very Low Strong®

peripheral neuropathy, we recommend first-line symptomatic
treatment that includes gabapentin, pregabalin, or serotonin-

(Continued)
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Table 3. (Cont’d)

Recommendation 5

Recommendation 6

Recommendation 7

Recommendation 8

Recommendation 9

Recommendation 10

Recommendation 11

Recommendation 12

Recommendation 13

Recommendation 14

Recommendation 15

norepinephrine re-uptake inhibitors (SNRIs), depending on
individual patient tolerance, comorbidities, and side effect risk.

For Sjogren’s patients with neuropathic pain in the setting of a
peripheral neuropathy who are not helped by first-line
treatments, we recommend sodium channel blocking agents
(carbamazepine, oxcarbazepine, lamotrigine) or tricyclic
antidepressants (nortriptyline and desipramine may be better
tolerated). For patients who are refractory to, or intolerant of,
first- and second-line neuropathic pain medications, referral to
a neurologist and/or pain management specialist may be
warranted.

For patients with Sjégren’s-related polyneuropathy with a
progressive or aggressive presentation, we recommend an
empiric glucocorticoid treatment trial. The specific dose and
length of treatment with glucocorticoids will depend on the
individual circumstances. Factors such as the response to
treatment, and the potential side effects of the medication
should be considered when determining the appropriate
duration of treatment.

For Sjogren’s-related immune-mediated non-vasculitic large fiber
polyneuropathy, we recommend considering intravenous
immunoglobulin (IVIG).

For Sjogren’'s-related immune-mediated small fiber neuropathies
that do not respond to symptomatic treatment and have
recent onset, severe, or progressive disease, we recommend
considering treatment with IVIG for a duration of at least 3
months. Treatment with subcutaneous immunoglobulin (SCIG)
is an alternative.

For Sjogren’s patients with acquired chronic demyelinating
polyradiculoneuropathy, we recommend offering standard
treatments for CIDP.

For Sjogren’s patients with sensory ganglionopathy who manifest
significant symptoms, we recommend instituting aggressive
and immediate treatment with moderate to high dose
glucocorticoids and immunomodulatory/immunosuppressive
therapy.

For Sjogren’s patients with high suspicion of vasculitic
neuropathy, we recommend immediate initiation of high-dose
systemic glucocorticoids with rituximab as the first line of
therapy.

For Sjogren’s patients with vasculitic neuropathy unresponsive to
first-line therapy with glucocorticoids and rituximab, we
recommend glucocorticoids and cyclophosphamide as a
second line of therapy.

For Sjogren’s patients with vasculitic neuropathy with
cryoglobulinemia, we recommend maintenance with
immunomodulatory therapy.

For Sjogren’s patients with vasculitic neuropathy and persistent
neuropathic pain, we recommend symptomatic management
as discussed in Therapy Recommendations 4 and 5:
Polyneuropathies.

We do not recommend IVIG as a first line of therapy for Sjogren’s

patients with vasculitic neuropathy.

Very Low

Very Low

Very Low

Very Low

Very Low

Very Low

Very Low

Very Low

Very Low

Very Low

Very Low

Conditional

Conditional

Conditional

Conditional

Strong®

Strong®

Strong®

Conditional

Conditional

Strong®

Conditional

@ This recommendation is rated strong based on a balance of benefits vs harms because most patients would choose the intervention to
reduce pain and improve quality of life. Additionally, pain management is the standard of care.
b This recommendation is rated strong because most patients and clinicians would use standard treatments for CIDP based on strong litera-
ture for CIDP in general, because the benefits likely outweigh the risks.
¢ This recommendation is rated strong because the profound ataxia of ganglionopathy can be severe, rapidly progressing, and disabling if not
treated. Thus, the benefits outweigh the risks of not treating this condition.
9 This recommendation is rated strong because, given the risk of irreversible axonal loss and chronic disability, most physicians and patients
would opt for initial immune therapy. Because rituximab has a generally lower risk of adverse events than cyclophosphamide, it is recom-
mended as a first-line treatment for vasculitic neuropathy.
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dysfunction, gastrointestinal disturbances, bladder dysfunction, and
pupillomotor dysfunction. Recognizing autonomic signs and symp-
toms in S|D can be challenging because of their nonspecific nature,
overlapping symptoms with other aspects of the disease, or
patients’ adaptation to longstanding symptoms. Referral to special-
ists such as neurologists, gastroenterologists, cardiologists, urolo-
gists, or ANS testing centers may be necessary for comprehensive
evaluation and management. Differential diagnostic considerations
for autonomic neuropathy in SiD include vitamin deficiencies, auto-
immune dysautonomia, and other systemic diseases. A skin biopsy
for sweat gland nerve fiber density may aid in diagnosing autonomic
small fiber neuropathy. Management strategies for autonomic dys-
function include lifestyle modifications, pharmacotherapy, and, in
severe cases, immunomodulatory therapy. Multidisciplinary collabo-
ration is crucial for optimal management and improved QOL for
patients with SiD with autonomic neuropathies. Good practices
and recommendations for evaluation and management of ANS neu-
ropathies in SiD are listed in Table 4, Supplementary Material 13C,
and Supplementary Material 14.

DISCUSSION

The PNS manifestations of SjD include mononeuropathies,
polyneuropathies, and ANS neuropathies. The Sjogren’s Founda-
tion convened a panel of experts (the PNS TRG) to develop this
guideline based on the best available evidence to improve the
evaluation and management of these manifestations. Thirty-one
good practice evaluation statements were made. Of the 20 rec-
ommendations, 14 are rated as conditional and 6 are rated as
strong. Clinicians should approach each recommendation with a
balanced view, in discussion with the patient, weighing the poten-
tial benefits against possible harm as part of shared decision-
making.

This guideline is generally consistent with the PNS domain of
the EULAR Sjogren’s Syndrome Disease Activity Index (ESSDAI)
addressed in the 2020 EULAR recommendations for the man-
agement of SD, similarly drawing on glucocorticoids, immuno-
modulatory agents, and biologic therapies, while providing
distinct additional guidance.®® Distinctions include the following:
(1) classification of neuropathies aligned between rheumatology
and neurology (Supplementary Material 10)*%; (2) localization-
specific guidance and addresses autonomic neuropathy, an
important but underrecognized dysfunction in SjD; (3) prioritization
of specific immunosuppressive agents based on an integration of
available evidence and expert neurorheumatology opinion;
(4) guidance on ANS dysfunction, small fiber neuropathy, mono-
neuropathies, and neuropathic pain; and (5) guidance on the use
of B cell-targeted therapy, rituximab, for patients with severe or
refractory disease, including vasculitic neuropathy and severe,
progressive, and treatment-resistant immune-mediated auto-
nomic neuropathy. In alignment with this, two late-phase clinical
trials have recently demonstrated positive results for B cell-

targeted therapies in SiD, with ianalumab (anti-B cell activating
factor receptor antibody) showing efficacy in Phase 3 and telitaci-
cept (@ B lymphocyte stimulator/a proliferation-inducing ligand
dual inhibitor approved for systemic lupus erythematosus in
China) also meeting its primary endpoints.*°

We used consensus expert opinion, informed by commonly
employed evaluation tests, to develop good practices for evaluat-
ing patients with SjD presenting with  PNS manifestations.
According to the GRADE working group, good practice state-
ments address topics that panels consider essential but are not
suitable for formal evidence-quality ratings because they are sup-
ported by a substantial body of indirect evidence, the formal
appraisal of which would represent an inefficient use of the
panel’s resources.*’*? These good practices emphasize
the need for a comprehensive diagnostic evaluation to character-
ize PNS disorders and exclude other potential etiologies. Early
detection and the correct diagnosis are essential to provide the
best chance to halt progression and improve QOL.°

The treatment recommendations are partially informed by six
case series studies and three observational studies, underscoring
the scarcity of high-level evidence in this area. Because of the lack
of evidence, most of the treatment recommendations are based
on expert opinion, informed by balancing benefits, harms, and
patient values. As stated in two articles by Djulbegovic and Guyatt
(2017 and 2019),**** all clinical guidelines should be evidence-
based, even when the evidence is of very low quality—as in the
case of this guideline. They emphasize that evidence-based med-
icine involves using the best available evidence—whether from
randomized trials, observational studies, case series, or the expe-
rience of individual clinicians—to guide clinical decision-making
and practice guidelines. Distinguishing between “evidence-
based” and “consensus-based” guidelines is misleading
because interpreting any evidence requires consensus among
experts. Therefore, consensus is integral to interpreting and
applying evidence in clinical practice, and all guidelines inherently
require both evidence evaluation and consensus regardless of
the available evidence. Our guideline aligns with these principles,
systematically reviewing and assessing evidence, and balancing
benefits, harms, and patient values, to provide practical recom-
mendations for managing SjD.

The TRG faced situations in which the available evidence
was of low or very low quality. Despite this, strong recommenda-
tions reflect the expert consensus on what is most beneficial for
patients (even with limited evidence), while noting any uncer-
tainties about the evidence quality, after careful consideration of
potential benefits and harms, patient values, and the potential
risks of inaction. Patients affected by PNS and ANS manifesta-
tions frequently report pain and dysfunction that substantially
impair their QOL. Available treatment options are consistent with
what patients prioritize: relief of suffering, preservation of function,
and prevention of worsening disease. Thus, for many of the inter-
ventions considered, even low-certainty evidence suggested



GUIDELINE ON PNS MANIFESTATIONS IN SJOGREN 869

Table 4. Good practices and recommendations for autonomic nervous system neuropathies in patients with Sjégren’s disease
Screening good practices for autonomic nervous system neuropathies

Good practice 20

Good practice 21

Good practice 22

Good practice 23

Good practice 24

Good practice 25

Good practice 26

Good practice 27

Good practice 28

Good practice 29

Good practice 30

Good practice 31

The following screening process is recommended for the initial assessment of potential autonomic nervous system
(ANS) involvement in Sjogren's:
For primary screening, ask the following questions:
1. Do you experience postural lightheadedness, syncope (fainting), near-syncope, or a racing heart when upright?
2. Do you experience problems with sweating too little, or too much?
3. Do you have chronic Gl symptoms or problems, such as:
o Difficulty swallowing
Nausea
Abdominal pain
Feel like you fill up more quickly than you ought to when eating a meal (early satiety)
Diarrhea or constipation. If yes, does diarrhea occur at night?
o Significant abdominal bloating

4. Do you have genitourinary problems, such as:
o Sexual dysfunction
o Difficulty emptying your bladder completely or incontinence
o Frequent urination, particularly frequent nocturnal enuresis
o Urogenital problems and/or pelvic pain

For Sjogren’s patients with suspected ANS involvement, conduct further assessments with the Composite Autonomic
Symptom Scale (COMPASS-31) questionnaire and orthostatic blood pressure and pulse measurements (postural
vital signs).

For Sjogren’s patients with suspected ANS involvement and abnormal COMPASS-31 or abnormal postural vital sign
results, refer to a neurologist, neurogastroenterologist, cardiologist, urologist, or ANS testing center for further
evaluation.

For Sjogren’s patients with symptoms of orthostatic intolerance, including postural lightheadedness, syncope, and
near-syncope, conduct formal autonomic testing at centers or facilities where this testing is available. Autonomic
testing should include tilt table, the Quantitative Sudomotor Axon Reflex Test (QSART), measures of heart rate
variability, and assessments of blood pressure changes, including the Valsalva maneuver, to characterize the nature
of the ANS involvement.

If formal autonomic testing is performed, a Composite Autonomic Severity Scale (CASS) score could be calculated to
quantify the severity of autonomic nervous system impairment in Sjogren'’s.

For Sjogren’s patients with significant autonomic neuropathy, the following should be considered to exclude other
causes: B-12 and B-6 measurement, hemoglobin A1C, serum immunofixation, serum-free light chains, and an
autoimmune dysautonomia panel (screen of antibodies associated with autonomic neuropathy other than
Sjogren’s, such as acetylcholine receptor ganglionic antibody, ANNA-1, CASPR-21gG CBA, CRMP-5, DPPX, LGI1-IgG
CBA, PCA-2, AP3B2 IFA). Testing for supine and standing catecholamines (norepinephrine) may be considered.

For Sjogren’s patients where there is concern for autonomic neuropathy or symptoms of abnormal sweating, a skin
biopsy could be considered to assess sweat gland nerve fiber density.

Provided the initial study was abnormal, quantitative autonomic testing (such as tilt table, the QSART, measures of
heart rate variability, and assessments of blood pressure changes, including the Valsalva maneuver) could be
repeated in 6-12 months after institution of immunomodulatory therapy to assess peripheral nervous system
remodeling in Sjogren’s patients.

Autonomic failure in conjunction with sensory neuropathy and sensory ataxia may indicate an autonomic
ganglionopathy. Providers should recognize that this may require an urgent referral to a neurologist and aggressive
treatment.

For Sjogren’s patients with complex gastrointestinal symptoms, refer to a gastroenterologist or
neurogastroenterologist for evaluation and treatment. Motility testing to look for esophageal, gastric, or intestinal
dysmotility should be considered.

For Sjogren’s patients with genitourinary symptoms, refer to a urologist, urogynecologist, or neurologist for evaluation
and treatment.

Symptoms related to problematic sweating may result from autonomic neuropathy in Sjégren’s. Nocturnal sweating,
hyperhidrosis, hypohidrosis, and heat intolerance may be reported by patients. A careful history and examination,
supplemented by autonomic tests of sweating function (such as QSART) can be helpful in identifying severity and
pattern of impairment.

o O O O

ANNA-1 = anti-neuronal nuclear antibody, type 1

CASPR2-1gG CBA, S = contacting-associated response protein 2

CRMP-5 IgG Western Blot, S = collapsing response-mediator protein - 5

DPPX = dipeptidyl-peptidase-like protein-6 (regulatory subunit neuronal Kv4.2 potassium channel)
LGI1-1gG CBA, S = leucine-rich glioma inactivated 1 protein antibody

PCAB-2 = Purkinje cell cytoplasmic antibody, type 2

AP3B2 IFATiter, S = adaptor protein 3 beta 2 antibody by IFA (immunofluorescence)

(Continued)
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Table 4. (Cont’d)

Therapy recommendations for autonomic nervous system neuropathies

Recommendation 16

Recommendation 17

For Sjogren’s patients with autonomic neuropathy, we recommend
patient education about autonomic dysfunction and non-
pharmacologic tools such as lifestyle measures and therapies that
target symptoms caused by their disease.

For Sjogren’s patients with orthostatic tachycardia, we recommend
providing patient education to facilitate lifestyle management and
initiating non-pharmacologic approaches such as increased fluid

intake, abdominal and lower limb compression garments,
increased salt intake, and gentle graded exercise in a seated or
supine position. Assess if current medications predisposing to
hypotension or tachycardia can be tapered/discontinued
(stimulants, diuretics, vasodilators). For patients with severe
symptoms of orthostatic intolerance or those who do not respond

to lifestyle measures, consider the following:

For heart rate control, use non-selective beta blockers or
ivabradine, which is a hyperpolarization-activated cyclic
nucleotide-gated (HCN) channel blocker, especially for those
patients with prominent heart rate variability.

For individuals with orthostatic tachycardia with low blood
pressure thought to potentially contribute to tachycardia,
consider vasopressors (midodrine, droxidopa) or fluid expansion

(fludrocortisone, IV saline).

Pyridostigmine may be useful in stabilizing heart rate and blood
pressure in individuals with orthostatic tachycardia.

Recommendation 18

For Sjogren’s patients with orthostatic hypotension, we recommend

a multidisciplinary team (could include a rheumatologist,
cardiologist, and neurologist) for assessment (tilt table, QSART,
etc.) and management, depending on services available regionally.

Recommendation 19

For Sjogren's-related immune-mediated autonomic dysfunction that

is severe, progressive, and not responsive to lifestyle and
pharmacologic measures, we recommend considering
intravenous immunoglobulin (IVIG), with frequency and dosage

that manages symptoms.
Recommendation 20

For Sjogren’s-related immune-mediated autonomic dysfunction that

Evidence Strength of
rating recommendation
Low Strong®
Low Conditional
Very Low Conditional
Very Low Conditional
Very Low Conditional

is severe and not responsive to IVIG, we recommend rituximab.

@ This recommendation is rated strong because patients will likely prioritize non-pharmacologic approaches and educational measures that
offer control and understanding of their condition without the risks associated with medication.

meaningful improvements in outcomes such as pain reduction,
functional ability, and activities of daily living. Importantly, with-
holding treatment would risk deterioration in patient well-being.
In reaching these conclusions, the TRG benefited from a strong
suite of rheumatologists and neurologists who conduct research
and treat patients with SjD. Taken together, these factors justify
the panel’s decision to issue strong recommendations despite
very low certainty of evidence. This approach reflects the principle
that guideline development must consider not only the level of evi-
dence but also the consensus of experts, patient needs and val-
ues, and the ethical responsibility to minimize harm. The TRG is
confident that the resulting recommendations are consistent with
current therapeutic practices and concordant with patient values
and preferences, reflecting prevailing clinical consensus.

We used the term “consider” in conjunction with certain rec-
ommendations to acknowledge the variability in patient-specific
factors, preferences, and clinical scenarios that may influence
the appropriateness of a given intervention in the shared

decision-making process. Importantly, the term “consider”
should not be construed by insurance providers as a justification
for denying coverage but rather as recognition of the need to tailor
interventions to the unique circumstances of each individual
patient.

The CEP review reached a high level of agreement, with 18 of
20 recommendations and 30 of 31 good practices achieving 90%
or higher consensus. Notably, the lowest level of agreement was
79% in the vote for the “strong” rating for the strength of recom-
mendation 7. This recommendation addresses intravenous Ig
(IVIG) for patients with nonvasculitic large fiber polyneuropathy.
Comments pertaining to this vote included the cost of IVIG, side
effects, and strength of the evidence.

In developing this guideline, the TRG acknowledges that
management of these manifestations necessitates a multidisci-
plinary approach to care. To the extent possible, neurologists
should play a role in teams managing PNS manifestations in col-
laboration with primary care physicians and rheumatologists.
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Other specialists, such as those in ear, nose, and throat; ophthalmol-
ogy; speech pathology; cardiology; gastroenterology; neurogas-
troenterology; physical therapy; urology; and neurology may also
be part of the treatment team. Additionally, it is important to note that
patients can have more than one co-occurring PNS manifestation.
Thus, providers may need to implement more than one treatment
modality concurrently and may need to coordinate among multiple
specialties. Finally, SiD should be considered in patients presenting
with multiple PNS and central nervous system presentations, espe-
cially when a singular pattern of localization is lacking.

An important consideration in the management of SjD-
related immune-mediated neuropathies is the differing perspec-
tives between neurologists and rheumatologists regarding the
use of IVIG therapy. Neurologists often encounter a high volume
of idiopathic neuropathies and may be more skeptical about con-
sidering IVIG in cases that are not clearly immune-mediated. In
contrast, rheumatologists frequently manage patients whose
existing neuropathies were not recognized as immune-mediated,
delaying appropriate diagnosis and treatment and negatively
impacting outcomes. This divergence highlights the need for neu-
rologists to collaborate across disciplines and consider immune-
mediated etiologies, such as SiD, in their differential diagnoses
when assessing patients with neuropathy. Likewise, rheumatolo-
gists should note the potential of immune-mediated neuropathy
and SjD.

Acknowledging the significant evidence gap in our understand-
ing of effective therapies for PNS manifestations in SiD is important.
A major limitation is the absence of study designs with comparison
groups, which increases the risk of bias and limits generalizability.
However, for understudied diseases such as SjD, case series can
provide crucial initial insights, guiding future research. Another weak-
ness is the lack of current literature supporting a direct link with spe-
cific conditions, such as hearing loss, vertigo, and dysfunction of
cranial nerves (CNs) IX and X. Thus, we did not make a recommen-
dation regarding these potential manifestations.

Current clinical trials are exploring biologic and small-
molecule therapies for systemic features of SiD, including PNS
manifestations.*>~°° These trials may result in multiple potential
therapies for more effective management. With this in mind, this
guideline will be reviewed and updated in 3 to 5 years or sooner
if substantial new evidence becomes available that may impact
the recommendations. Corneal neuropathy will be included in
the forthcoming update to the Sjégren’s Foundation ocular clini-
cal practice guidelines.

There is a dire need to improve the evidence base for
patients who have SjD with PNS manifestations. This would
include observational studies with comparison groups and, ide-
ally, randomized controlled trials. Because of the difficulties in per-
forming such studies, big data analyses of electronic health care
records may provide additional evidence to support causal infer-
ences. Additionally, studies are needed to address the following
gaps in clinical knowledge:

Prevalence

1.

What is the incidence and prevalence of PNS and ANS
manifestations in SjD?

. What is the prevalence of chronic inflammatory demyelin-

ating polyradiculoneuropathy (CIDP) in patients with SjD?
Does SjD play a role in the pathophysiology of CIDP?

. Does COVID-19 exacerbate neurologic morbidities in

patients with SjD?

. What is the true incidence and pathophysiology of other

cranial neuropathies, such as CN VIII, CN IX, and CN X,
which have been reported to occur in SiD?

Prevention

5.

What are the risk factors for PNS and ANS manifestations
in §jD?

. What interventions can prevent PNS and ANS manifesta-

tions in SjD?

. What are the genetics, epigenetics, and pathophysiology

of PNS and ANS manifestations in SjD? How can under-
standing these factors lead to therapies to prevent and
treat these disorders?

Diagnosis and Evaluation

8.

10

11.

12.

13.

Is the scale used for interpreting skin punch biopsies
when diagnosing small fiber neuropathies in diabetes
applicable to SjD, or is a new or modified scale needed?

. How can we develop improved scales to measure

dynamic disabilities associated with ANS neuropathies
that effectively capture the temporal variability of
symptoms?

. How can we standardize diagnostically accurate and

minimally invasive testing methods, including imaging,
biomarkers, and electrodiagnostic techniques, for ANS
and PNS manifestations in SjD?

What is the sensitivity and specificity of lip biopsy in sero-
negative sicca-free patients with PNS and/or ANS dys-
function and personal and/or family history of
autoimmune disease?

How can we develop diagnostic tools or scales to differ-
entiate between progressive PNS/ANS manifestations
and irreversible nerve damage?

What are the positive and negative predictive values for
rheumatoid factor, complement component 4, and
complement component 3 for the diagnosis of
vasculitis?

Management of PNS and ANS Manifestations

14

. What are the optimal first-line, second-line, and

maintenance strategies (ie, IVIG or other immuno-
therapies and pain management treatments) for
PNS and ANS manifestations with varying degrees
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of symptom severity in SjD, and should treatment
decisions be affected by autoantibody (anti-SSA,
anti-SSB, rheumatoid factor, and antinuclear anti-
bodies) positivity?

15. What are the effects of pharmacologic interventions ver-
sus behavioral interventions in managing neuropathic
SiD symptoms?

16. What are the differences in the comparative effective-
ness of treatment options for ANS and PNS manifesta-
tions between SjD and non-SjD populations?

17. What is the possible role of microbial imprint/dysbiosis in
patients with SjD with PNS and ANS manifestations?
Does correcting the dysbiosis by lifestyle interventions
prevent or ameliorate PNS or ANS symptoms?

18. What are the mechanisms of neuronal injury and disease
course of PNS and ANS manifestations in SjD as shown
by autopsy studies?

Outcomes

19. How can we establish standardized and defined
patient-centered outcomes for measuring PNS and
ANS manifestations in SjD, considering their preferences
in managing the benefits versus harms of treatment
modalities”?

20. What strategies can be developed to monitor response
to therapy in SjD, including the potential utility of serial
electrodiagnostic ~ testing and  patient-centered
evaluations?

21. How can the ESSDAI and other outcome measures be
enhanced to increase sensitivity to identify the spectrum
of neurologic and other systemic manifestations?

22. How can standardized outcome measures be used to
evaluate treatment effectiveness for PNS and ANS man-
ifestations in SjD?

Guideline Implementation

23. How can implementation science be used to under-
stand the barriers and facilitators in implementing guide-
lines for SjD in clinical practice, and what strategies can
be developed and evaluated to enhance this
implementation?

24. What is the impact of educating the health care commu-
nity about the diverse presentations of PNS and ANS
manifestations in SjD?

25. How does engaging interdisciplinary teams affect the
diagnosis and management of PNS and ANS manifesta-
tions in SjD?

This guideline offers an evidence-based approach to evalu-
ate and manage PNS manifestations of SjD. The recommenda-
tions emphasize the need for multidisciplinary care, including

primary care physicians, rheumatologists, neurologists, and other
specialists in some cases, and patient-centered decision-making.
Given the limited evidence on PNS manifestations in SjD, the
guideline also highlights research priorities to propel the field for-
ward and improve our understanding and management of this
challenging aspect of SiD.
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Diagnostic Use of Testing for Novel Murine Autoantibodies
for Sjogren Disease in the Rheumatology Outpatient Setting
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Objective. The goal was to assess the diagnostic performance of three novel autoantibodies (NA) for Sjégren
disease (SjD) by comparing NA prevalence in patients with SjD, other autoimmune rheumatic diseases (ARDs), nonspe-
cific chronic sialadenitis (CS), and controls.

Methods. We identified rheumatology outpatients with confirmed SjD, systemic lupus erythematosus (SLE), rheu-
matoid arthritis (RA), systemic sclerosis (SSc), CS, and healthy controls. Participants underwent serum testing for anti-
bodies to salivary gland protein 1 (SP-1), parotid secretory protein, and carbonic anhydrase-6 (CA-6). Participants with
SjD, CS, and controls also underwent testing of saliva. Receiver operating characteristic (ROC) curve C-statistics along
with sensitivity, specificity, positive, and negative likelihood ratios were calculated for each serum autoantibody for SjD
vs CS or controls.

Results. Among the 468 patients screened, 444 were analyzed, including cohorts with SjD (n = 149), SLE (n = 70),
SSc (n = 56), RA (n = 73), CS (n = 31), and control patients (n = 65). There was no statistical difference (P = 0.80) in
the presence of one or more NA in the serum of patients with SjD compared with participants with other ARDs, CS,
or control patients. ROC curves demonstrated poor discriminative ability for SjD versus CS or control patients for any
positive NA (0.47) or any individual NA (range 0.44-0.53). The positive likelihood ratio for having any positive novel
autoantibody was 1.04 and 0.83 for SjD vs CS or control patients, respectively.

Conclusion. Testing serum for NA demonstrated a poor ability to distinguish patients with SjD from control patients
or those with CS or other ARDs. This serum autoantibody panel is not likely to be useful as a diagnostic test for SjD.

INTRODUCTION

Sjogren disease (SjD) can be extremely difficult to diagnose in
its early stages because of the heterogeneity of clinical presenta-
tions, need for extensive testing, and input required from multiple
specialists as part of the evaluation.

Recent classification criteria for Sj were designed to
define homogeneous populations of patients for clinical trials and
other studies but were not intended to facilitate diagnosis. Never-
theless, classification criteria are frequently used by clinicians to
diagnose SiD by default because of the lack of universally
accepted diagnostic criteria. Patients with seronegative SjD (neg-
ative anti-SSA) comprise approximately one-third of the overall
group and are at the highest risk of misclassification because
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minor salivary gland biopsies are often not offered to or are
refused by patients. This diagnostic challenge underscores the
need to identify novel biomarkers that may be present when
established biomarkers are not. As with other autoimmune rheu-
matic diseases (ARDs), therapeutic measures for SjD are most
likely to be successful when initiated in the early stages before
permanent irreversible damage occurs to the exocrine glands
and other organs.

Previous work has convincingly demonstrated that the novel
murine autoantibodies antiparotid secretory protein (PSP), antisa-
livary protein 1 (SP-1), and anticarbonic anhydrase 6 (CA-6) are
markers of early disease in the interleukin-14a transgenic mouse
model for SjD because these autoantibodies appear in the blood
earlier in the disease course than anti-SSA/SSB.® These novel
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SIGNIFICANCE & INNOVATIONS

+ This is the first study in the adult rheumatology liter-
ature to report the diagnostic performance of novel
autoantibodies (NA) to salivary gland protein
1, parotid secretory protein, and carbonic
anhydrase-6 in a well-characterized cohort of
patients with Sjogren disease (SjD) fulfilling
accepted classification criteria.

« This is one of the first studies to test for the pres-
ence of NA in the sera of several well-defined
cohorts of non-SjD autoimmune rheumatic dis-
eases, including systemic lupus erythematosus,
rheumatoid arthritis, and systemic sclerosis.

+ This is the first study to compare the prevalence of
the NA in the saliva of patients with SjD vs healthy
control patients and those with chronic sialadenitis.

+ This study is particularly relevant for everyday clini-
cal practice because it includes two separate well-
defined control groups, including one with sicca
symptoms and nonspecific inflammation on minor
salivary gland biopsy.

autoantibodies (NA) have also been detected in the nonobese
diabetic mouse model for SiD and in humans with established
SiD.%6 It was also observed that among 20 patients with SjD
who had positive biopsies but lacked anti SSA or SSB, the NA
anti-SP-1 and anti-CA6 were present in 45% and 5% of cases,
respectively,® which suggests a possible role for diagnosis in
seronegative cases.

Despite limited evidence, a diagnostic panel to test serum for
the NA or “Early Sjogren’s Profile,” also known as “Sjd,” became
commercially available in 2013 (Immco Diagnostics, Inc., Buffalo,
NY) and has been used by some specialists in clinical practice to
diagnose “early SjD.” Several studies and case reports in the
eye literature provided evidence that the “Early Sjégren’s Profile”
can be used to screen patients with dry eye for SjD, and, when
positive, may provide a rationale for early referral to other special-
ists for further diagnostic evaluation.””"®

The purpose of the present study was to investigate the
prevalence of NA in patients with known SjD, related autoimmune
diseases, SjD mimics (eg, chronic nonspecific sialadenitis), and
nonautoimmune controls to determine the sensitivity, specificity,
likelihood ratios, and discriminative ability of the “Early Sjoégren’s
Profile” as a diagnostic test.

METHODS
Patient selection and inclusion/exclusion criteria

The electronic medical record was used to screen for Inter-
national Statistical Classification of Diseases, Tenth Revision
(ICD-10) codes among established patients at two large rheuma-
tology outpatient practices within the same university health

system. Participants with ICD-10 codes from rheumatology visits
corresponding to SjD, systemic lupus erythematosus (SLE), rheu-
matoid arthritis (RA), systemic sclerosis (SSc) and dry mouth/
nonspecific chronic sialadenitis (CS) were identified. All records
were reviewed by rheumatologists to confirm diagnoses, and
patients were observed for at least one year. Control participants
included established patients with osteoarthritis, fibromyalgia,
osteoporosis, other non-ARDs, or healthy volunteers. Patients
with incomplete or unconfirmed diagnoses and control partici-
pants with a history of dry eyes and/or dry mouth, other autoim-
mune diseases, family history of autoimmune diseases, or
previous referral for antinuclear antibody positivity were excluded
from the study. Control participants and those with CS with posi-
tive anti-SSA antibodies on study assays were excluded from
analysis.

Sjogren evaluation

Patients with suspected SjD routinely underwent a complete
history and physical examination, serological testing, measure-
ment of unstimulated whole-mouth salivary flow, salivary
scintigraphy,'*° an unanesthetized Schirmer test, and vital dye
staining of the ocular surface. Patients who tested negative for
anti-SSA were asked to undergo a labial minor salivary gland
biopsy. All patients with a diagnosis of SjD met one or more clas-
sification criteria for SjD,>™ demonstrated objective evidence of
dry eyes and dry mouth and either anti-SSA positivity and/or a
positive labial minor salivary gland biopsy (focal lymphocytic sial-
adenitis with a focus score >1/4 mm?). Information on which SjD
criteria were met was not available, but to assess impact of iso-
lated anti-SSB antibodies, a sensitivity analysis was performed,
excluding five patients with positive anti-SSB but negative anti-
SSA antibodies. Patients diagnosed with nonspecific CS'® dem-
onstrated objective evidence of dry eyes and/or dry mouth and
had abnormal biopsies but failed to meet histologic and classifica-
tion criteria for SjD.

Study design and specimen collection

After signing informed consent and Health Insurance Porta-
bility and Accountability Act (HIPPA) authorization, all participants
completed a medical questionnaire and specimen collection dur-
ing one study visit. Recorded information included history of dry
eyes and dry mouth, medical diagnoses, demographics, medica-
tions, associated autoimmune diseases, and family history of
autoimmune or connective tissue disease. Additional information
was collected on patients with known SjD regarding the duration
of xerostomia, dry eye, and extraglandular or internal organ man-
ifestations. Serum samples were obtained from all participants,
and saliva samples were obtained from patients with SiD, CS,
and control participants.



SJOGREN NOVEL AUTOANTIBODIES

877

Specimen processing

Blood specimens for all eligible participants were collected in
one serum separator red top tube and centrifuged for storage at
—80°C until shipment. Additionally, for some participants, random
whole-mouth salivary flow rates (sialometry) were measured
(15-minute collection) after swallowing once at the time of blood
specimen collection. Saliva specimen collection tubes were
weighed on an analytical balance pre- and post-collection to
determine the volume of saliva produced (1 g saliva =1 mL). A
protease inhibitor cocktail was added in proportion to the saliva
sample volume (10 pL of 100 x protease inhibitor cocktail per
1 mL saliva). Specimen collection tubes were then vortexed for
5 to 10 seconds to homogenize the samples for storage at
—80°C until shipment.

Novel autoantibody assay

The tests were performed as a solid phase immunoassay by
Immco Diagnostics Reference Laboratory (Trinity Biotech, Inc.) in
Buffalo, New York. All specimens were anonymously coded and
laboratory personnel were blinded to patient diagnoses. Briefly,
microtiter plates were coated with recombinant antigen (CA-6,
PSP, or salivary gland protein 1 [SP1]) proteins expressed and
purified from Escherichia coli, followed by blocking the unreacted
sites to reduce nonspecific binding. Control participant and
patient serum samples were incubated in the antigen coated wells
that allow specific antibodies present in the serum to bind to the
antigen. Unbound antibody and other serum proteins were
removed by washing the microtiter plate. Bound antibodies
were detected by adding horseradish peroxidase labeled anti-
human IgA, 1gG, or IgM conjugate to the plates. Unbound conju-
gate is removed by washing. A specific enzyme substrate
3,3,5,5'-tetramethylbenzidine (TMB) was then added to the
wells, and the presence of antibodies was detected by a color
change produced by the conversion of the TMB substrate to a
colored reaction product. The reaction was stopped and the
intensity of the color change, which is proportional to the concen-
tration of antibody, was read by a spectrophotometer at 450 nm.
Results were expressed in enzyme-linked immunosorbent assay
(ELISA) units per milliliter (EU/mL) and reported as positive or neg-
ative, with positive defined as >20 EU/mL. Salivary autoantibodies
were evaluated using the same methods and expressed as
EU/mL without a specific cut-off defined for positivity.

Statistical analysis

Characteristics of patients with SjD, SLE, SSc, RA, CS, and
control patients were compared descriptively. Differences in the
frequency of novel serum autoantibody positivity across these
diagnoses was assessed by Fisher exact testing (given small cell
frequencies). Bonferroni correction was applied for multiple

comparisons, with an adjusted P value of 0.0056 (0.05 divided
by 9) considered statistically significant across all analyses given
the nine antibodies studied. Receiver operating characteristic
(ROC) curve C-statistics were used to evaluate the ability of each
serum autoantibody (dichotomized as positive or negative) to dis-
criminate patients with SjD versus either CS or control partici-
pants, first with these two groups combined to maximize power,
and then versus each individually. Comparison versus CS was
thought to mimic how testing might be used in clinical practice,
whereas comparisons versus control participants included a pop-
ulation with less likelihood of misclassification (ie, patients with CS
who may actually have or develop SjD). Sensitivity, specificity, and
positive and negative likelihood ratios (LR) were calculated for
each serum autoantibody for SjD versus control participants or
SiD versus CS. C-statistics were then recalculated using each
autoantibody as a continuous measure to assess whether a dif-
ferent cut-off might lead to different performance. In a sensitivity
analysis, novel serum autoantibody positivity was also assessed
for each group of patients among those who were SSA negative
to assess the utility of these autoantibodies for SjD diagnosis
among patients who were SSA negative (a specific group for
whom NA may be particularly useful). An additional sensitivity
analysis excluded those with CS and control participants with
rheumatoid factor (RF) >20 or antinuclear antibody (ANA) >1:80
to address any potential misclassification.

For novel salivary autoantibodies, dot plots were used to
visualize the optical density for patients with SjD, CS, or control
participants given the lack of an established cut-off for positivity.
Medians were compared using Kruskal-Wallis testing given the
skewed nature of the data (SjD vs CS or control participants given
lower sample size). Again, ROC C-statistics were used to assess
the ability of salivary autoantibody values to distinguish SjD vs
CS/control participants, with continuous values used for autoanti-
bodies. In this analysis, the largest differences between groups
were found for PSP salivary antibodies. As an exploratory analy-
sis, a binary cut-off for each of PSP IgG, IgM, and IgA was chosen
as the 95th percentile value for each antibody among control par-
ticipants, not including patients with CS (in whom autoantibody
levels tended to be slightly higher). We calculated C-statistics,
sensitivity, specificity, and positive and negative LR for distin-
guishing SjD versus CS or control participants using these binary
definitions of salivary PSP antibodies. These analyses were
repeated among patients with a negative SSA antibody.

All analyses were performed using Stata version 15.1
(College Station, TX: StataCorp LLC). The study was approved
by the University of Pennsylvania Institutional Review Board.

RESULTS

A total of 468 patients with diagnoses of interest were
recruited. After excluding patients who did not meet the classifica-
tion criteria, including 3 patients with possible SjD, 1 patient with
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Table 1. Cohort characteristics*

Characteristic Primary SjD Lupus SSc RA CS Control
N 149 70 56 73 31 65
Female, n (%) 143 (96.0) 66 (94.3) 53 (94.6) 57 (78.1) 29(93.5) 52 (80.0)
Age, mean (SD), y 60.8 (13.7) 48.7 (15.3) 58.7 (12.5) 59.2 (12.8) 60.8 (16.6) 41.8 (20.5)
Dry eye, n (%) 143 (96.0) 42 (60.0) 37 (66.1) 27 (37.0) 26 (83.9) 0(0.0)
Dry mouth, n (%) 144 (96.6) 38(54.3) 7(66.1) 29(39.7) 26 (83.9) 0(0.0)
ANA = 1:40, n (%) 104 (69.8) 64 (91.4) 3(94.6) 55(75.3) WB (41.9) 23(35.4)
ANA > 1:80, n (%) 96 (64.4) 64 (91.4) 2(92.9) 47 (64.4) 1(35.5) 5(23.1)
RF1gM =10, n (%) 66 (44.3) 30 (42.9) 27 (48.2) 60 (82.2) 9 (29.0) 21(32.3)
RF IgM > 20, n (%) 45 (30.2) 19 (27.1) 5(26.8) 51 (69.9) 6(19.4) 8(12.3)
Anti-SSA, n (%) 92 (61.7) 25(35.7) 8(32.1) 7(9.6) 0(0.0) 0(0.0)
Anti-SSB, n (%) 48 (32.2) 9(12.9) 4(7.1) 6(8.2) 2 (6.5) 2(3.1)

* ANA, antinuclear antibody; CS, chronic sialadenitis; RA, rheumatoid arthritis; RF, rheumatoid factor; SjD, Sjogren

disease; SSc, systemic sclerosis.

biopsy-proven CS who also met Sjogren classification criteria,
3 control participants or patients with CS with anti-SSA anti-
bodies, and 17 patients who did not complete antibody test-
ing, there were 444 patients for analysis, including 149 with
SiD, 70 with SLE, 56 with SSc, 73 with RA, 31 with CS, and
65 control participants (non-ARD or healthy volunteers). All
groups were primarily female, and patients with SLE and con-
trol participants were younger than the other patient groups
(Table 1). SSA antibody positivity was most common among
those with SjD (61.7%).

Novel serum autoantibodies

The frequency of each novel serum autoantibody by disease
is shown in Table 2. At least one serum autoantibody was positive
in 43.6% of those with S|D, 44.3% with SLE, 51.8% with SSc,
452% with RA, 41.9% with CS, and 52.3% of control

Table 2. Novel serum autoantibody positivity by disease*

participants, with no significant difference across diseases
(P =0.80). Among individual serum autoantibodies, significant dif-
ferences in CA-6 IgG were seen (P < 0.001, statistically significant
after Bonferroni correction), but this was driven by higher rates
among those with SLE, SSc, and RA. There were no significant
differences between SjD and CS or between SjD and control par-
ticipants across any of the antibodies (all P > 0.05). Results were
similar in a sensitivity analysis limited to patients with SjD with a
negative anti-SSA (Supplemental Table 1), as well in analyses
excluding five patients with SjD with anti-SSB but negative anti-
SSA, and in analyses excluding CS and control participants with
RF >20 or ANA >1:80 (not shown). Among those with SLE, SSc,
or RA, frequencies of NA were also similar in those with and with-
out dry eye (P = 0.83) and those with and without dry mouth
(P =0.34). No significant differences in the prevalence of NA were
observed among patients with SjD classified by salivary flow rate
(ie, <0.2 cc/min or >0.2 cc/min).

Primary SjD vs CS

Primary Sjogren or control participants
Variable disease Lupus SSc RA CS Control ROC (95% Cl)

N 149 70 56 73 31 65

CA-61gG, n (%)° 11(7.4) 16(229) 19(339) 18(24.7) 5(16.1) 7(10.8) 0.47 (0.44-0.51)
CA-6 IgM, n (%) 21(14.7) 7(10.0) 6(10.7) 4 (5.5) 3(9.7) 13 (20.0) 0.49 (0.44-0.53)
CA-6 1gA, n (%) 5(3.4) 3 (4.3) 2(3.6) 2(2.7) 3(9.7) 4(6.2) 0.48 (0.45-051)
CA-6 any, n (%) 33(22.1) 22(31.4) 23(41.1) 22(30.1) 10(32.3) 22(33.8) 0.44 (0.39-0.50)
PSP IgG, n (%) 5(3.4) 5(7.1) 4(7.1) 3 (4.1) 3(9.7) (0.0 0.50 (0.48-0.52)
PSP IgM, n (%) 10(6.7) 1(1.4) 1(1.8) (0.0 1(3.2) 8(12.3) 0.49 (0.45-0.52)
PSP IgA, n (%) 16 (10.7) 4(5.7) 4(7.1) 5(6.8) 2 (6.5) 2(3.1) 0.53 (0.50-0.56)
PSP any, n (%) 29(19.5) 9(129) 7(125) 8(11.0) 5(16.1) 0(15.4) 0.52 (0.47-0.57)
SP-11gG, n (%) 6 (4.0) 4(5.7) 1(1.8) 4 (5.5) 4(12.9) 3(4.6) 0.48 (0.45-0.51)
SP-11gM, n (%) 16 (10.7) 9(129) 10(17.9) 6(8.2) (0.0 4(21.5) 0.48 (0.44-0.52)
SP-11gA, n (%) 11(7.4) 1(1.4) 2 (3.6) 2(2.7) (0.0 3(4.6) 0.52 (0.49-0.55)
SP-1 any, n (%) 31(20.8) 13(18.6) 12(21.4) 12(16.4) 4(12.9) 9(29.2) 0.48 (0.43-0.54)
Any of the above, n (%) 65 (43.6) 31(44.3) 29(51.8) 33(45.2) 13(41.9) 34 (52.3) 0.47 (0.41-0.54)

* Positive serum autoantibody defined as =20. ROC is the receiver operating characteristic curve C-statistic for distinguishing
patients with primary SjD from patients with CS or control participants. All P > 0.05 for pairwise comparison between SjD
and CS and between SjD and controls. CA-6, anticarbonic anhydrase 6; Cl, confidence interval; CS, chronic sialadenitis; PSP,
antiparotid secretory protein; RA, rheumatoid arthritis; SjD, Sjogren disease; SP-1, antisalivary protein 1; SSc, systemic

sclerosis.

@ Fisher's exact P < 0.001 for CA-6 IgG, P = 0.006 for PSP IgM, and P = 0.021 for SP-1 IgM when examining differences across all
diagnosis groups, with only CA-6 IgG meeting statistical significance after Bonferroni correction (P < 0.0056).
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Figure 1. Levels of PSP saliva autoantibodies in patients with SjD, CS, or control participants. Dotplots show optical densities of novel saliva
autoantibodies with red hashes representing medians for each group. *Kruskal-Wallis testing comparing values in patients with SjD with those with
CS or control participants showed higher levels in patients with SjD for PSP IgG and PSP IgM (both P <0.0056, statistically significant after Bon-
ferroni correction). PSP IgA P = 0.01 not statistically significant after Bonferronni correction. CS, chronic sialadenitis; PSP, parotid secretory pro-

tein; SiD, Sjogren disease.

ROC curve C-statistics for the ability of having any novel
serum antibody to discriminate patients with SjD from those with
CS or control participants was 0.47 (95% confidence interval
[Cl] 0.41-0.54) (worse than chance, with a greater frequency of
the antibody in CS/control participants) and for individual autoan-
tibodies ranged from 0.44 to 0.53, demonstrating minimal dis-
criminative ability (Table 2). Results were similar when comparing
SiD versus CS (Supplemental Table 2) or SjD versus control par-
ticipants (Supplemental Table 3), with poor discrimination indi-
cated by C-statistics. For detection of any positive NA, the
positive LR was 1.04 (95% Cl 0.66-1.64) and 0.83 (95% ClI
0.62-1.12) for SjD versus CS or control participants, respectively,
and negative LR was 0.97 (95% Cl 0.70-1.35) and 1.18 (0.88-
1.58). For individual autoantibodies, all negative LR were >0.5,
and all positive LR were <2 except for rare cases in which autoan-
tibody frequency was low and sensitivity poor (Supplemental
Tables 2 and 3).

Novel salivary autoantibodies

Salivary autoantibodies were available in 127 patients with
SjD, 21 with CS, and 57 control participants. Dot plots showing
levels of these autoantibodies in each group are in Figure 1.
Median level autoantibody levels were higher in SjD versus CS
and control participants for PSP IgG (P = 0.0004) and PSP
IgM (P = 0.0027), whereas differences in PSP IgA did not meet
statistical significance after Bonferroni correction (P = 0.01).
There were no significant differences for CA6 or SP1 antibod-
ies in S[D vs CS and control participants. ROC curve
C-statistics were also highest for PSP salivary antibodies and
were 0.65 (95% Cl 0.57-0.72), 0.63 (95% CI 0.55-0.70), and
0.60 (95% CI 0.53-0.68) for PSP IgG, IgM, and IgA salivary
autoantibodies, respectively (Supplemental Table 4). Using
the 95th percentile in controls (not including patients with CS)
as a cut-point for positive/negative, PSP salivary autoanti-
bodies were more common in SjD than in CS or control

participants (Table 3); sensitivity for SjD was 39.4%, 16.5%,
and 18.9% with positive LR of 5.12, 4.30, and 4.91 for IgG,
IgM, and IgA autoantibodies, respectively. Positivity of any
PSP salivary autoantibody had sensitivity of 44.9% and posi-
tive LR of 3.50. Results were similar among patients with SjD
with a negative anti-SSA (Supplemental Table 5).

DISCUSSION

Novel biomarkers for SjD that appear early in the disease
course or that can be detected in patients who lack anti-SSA are
sorely needed. In this study we evaluated the diagnostic utility of
three NA for SjD: anti-SP-1, anti-CA-6, and anti-PSP. We found
that the NA have no significant diagnostic value to distinguish
SiD from healthy control participants or those with CS in the rheu-
matology practice setting, with LRs near 1 and a receiver operat-
ing characteristic curve C-statistic very close to 0.5. In addition,
the NA were not useful in distinguishing between SjD and other
systemic ARDs, including RA, SLE, and SSc. The prevalence of
NA in patients with other ARDs was not significantly different in
patients with and without sicca symptoms. Thus, this panel would
be unlikely to accurately predict the presence of secondary or
associated SjD among these latter individuals.

The literature regarding the utility of the NA up to this point
has been inconsistent. Some studies suggest evidence of poten-
tial diagnostic utility with only SP-1,5817 other studies with only
CA-6,"® and yet others with only PSP.'® One Chinese study sug-
gests potential diagnostic utility with all three NA.2° The only study
outside of ours that reports on the diagnostic performance of the
NA was performed on children and demonstrates that the NA
were not helpful in distinguishing between patients with SjD and
control participants.?' The potential reasons for the inconsistent
results in the literature are myriad. First of all, early studies
included both mice and humans and were initially measured by
Waestern blot.>617 As the testing for NA became commercialized
and more widespread, the assay was switched from Western blot
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to ELISA, and it is conceivable that this change in assays resulted
in a loss of specificity. Next, most NA publications involve only a
small number of participants. Many do not specify whether those
with SjD met any classification criteria. Control groups, if present,
were often not well-defined. It is notable that we found similar
rates of NA positivity in patients with SjD compared to previous
studies, but importantly, we also found high rates of NA positivity
in control participants.® Last, differences in geography may also
help explain some of the inconsistencies that have been reported.

The NA are also marketed as early markers of SjD. It seems
this is based largely on evidence from mouse models. Previous
authors have noted that to evaluate this suggestion more thor-
oughly, longitudinal studies are needed. However, the presence
of autoantibodies is typically maintained in systemic autoimmune
diseases. For example, in one longitudinal registry study from
Sweden, serum autoantibodies were detected in SiD up to
18 years before diagnosis, and the prevalence of RF, ANA and
anti-SSA/SSB actually increased over time.?? Because of this,
we would expect to find significantly higher levels of NA in those
with “late” or established SjD compared with controls, but this
was not the case in our study. Additionally, we found no differ-
ences in NA prevalence among patients with S|D classified as
“early” or “advanced” SjD based on salivary flow rates.

It has also been suggested that the NA may be diagnostically
helpful for cases in which established seromarkers (ie, anti-SSA/
SSB) for SD are negative and labial salivary biopsy declined. With
this in mind, a sensitivity analysis was performed for the confirmed
participants with SjD who had a negative SSA but a positive labial
salivary biopsy (n = 58). The results were essentially unchanged.

Because autoantibody formation in SjD occurs locally in exo-
crine glands,23 we also tested saliva for the NA. We observed sta-
tistically higher levels of PSP in saliva samples from patients with
SiD compared with those with CS or control participants. How-
ever, the relative insensitivity of this finding renders this observa-
tion less useful as the basis for a future diagnostic test.
Furthermore, the specimen processing for saliva required at the
present time is more labor intensive than a simple blood test and
further diminishes its potential diagnostic value.

Our study has multiple strengths. First, this is one of the larg-
est NA studies to date with well-defined cohorts. All participants
with SjD met modern classification criteria, and patients with other
connective tissue disorders were diagnosed by rheumatologists
at an academic center. The “normal” control group bore little rela-
tion to SjD. By definition, they had no sicca symptoms and no per-
sonal nor family history of autoimmune disease. These were
largely patients with osteoarthritis, osteoporosis, chronic pain
syndrome (with negative previous evaluations) or healthy volun-
teers. The CS control group included patients who presented with
sicca symptoms, underwent a thorough evaluation for SjD, and
exhibited evidence of nonspecific inflammation on labial salivary
biopsy but who were SSA negative and did not meet classification
criteria for SjD. This “practical” control group represented

patients for whom the NA test would be typically applied. In addi-
tion, we tested for the prevalence of NA in autoimmune diseases
related to SjD to see if the NA could help distinguish between
SjD and other closely related connective tissue disorders. Simi-
larly, it could not. Last, all participants were observed for at least
a year to ensure that they remained as initially classified.

Our study has limitations. This was not a longitudinal study
and does not conclusively prove that levels of NA do not diminish
in SiD over time. Additionally, this is a single center study, and
evaluations with more than one center have demonstrated posi-
tive results. It was a single-specialty study involving only rheuma-
tology outpatients. As such, it may not be applicable in other
contexts. We used one or more among three different sets of
classification criteria (2016 American College of Rheumatology
[ACRJ/EULAR, 2012 ACR, and 2002 American-European Con-
sensus Group) to classify the participants as SjD and were unable
stratify results by which criteria was met.™* However, many indi-
viduals fulfiled more than one set of classification criteria, and all
participants with SjD were either anti-SSA positive or had a posi-
tive labial minor salivary gland biopsy with objective evidence of
dry eyes and dry mouth. Previous studies have documented only
small differences in sensitivity and specificity when different cri-
teria sets are applied to the same population with SjD.2* We also
found similar results after excluding five patients who were anti-
SSB positive but anti-SSA negative. These observations, there-
fore, make it unlikely that exclusive use of the 2016 ACR/EULAR
classification criteria* would have significantly altered our results.
It is possible that some patients with CS could have had SjD with
negative biopsy, but we also included a separate control group
and conducted sensitivity analyses excluding those with CS or
controls with low titer ANA and RF with similar results. Future
studies should be longitudinal, re-evaluating patients years later
to see if there has been any change in the NA levels or the under-
lying diagnoses. Investigators could look at whether NA are asso-
ciated with a particular subset of patients with SjD such as those
with interstitial lung disease or renal tubular acidosis. Measuring
NA in saliva has potential diagnostic utility and could be further
explored with additional testing in more cohorts with SjD, healthy
normal controls, and other groups.

In summary, based on the analysis of NA data in this large,
well-defined cohort, we conclude that testing for the NA with the
present commercial assay is not useful in distinguishing between
SjD and non-SjD in the outpatient rheumatology setting. The NA
are not likely to be helpful for diagnosing SjD in practice nor useful
for inclusion in further classification criteria of SiD for clinical
research.
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Objective. Specialty care access remains a significant challenge, particularly for patients in rural and underserved
areas. This study evaluates the implementation and impact of an electronic consultation (eConsult) program aimed at
improving access to rheumatology care within the University of Colorado Hospital network.

Methods. This mixed methods evaluation of a rheumatology eConsult program used electronic health record and
Medicaid claims data to describe patient, provider, and referral characteristics; care process and utilization outcomes;
and interviews to gain provider insights about the program.

Results. The analysis included 10,433 traditional referrals and 670 internal and external eConsults placed between
April 2018 and June 2022. Most internal eConsults (445 of 595, 75%) were completed electronically without the need to
convert to an in-person consultation, and 73% (325 of 445) were completed within three days. The eConsults that were
converted to traditional face-to-face referrals had a higher 180-day completion rate (36%) compared to traditional
referrals (19%, P < 0.001). Overall, eConsults and traditional referrals had comparable rates of pharmacotherapy initi-
ation for referrals related to suspected rheumatoid arthritis (57.1% vs 31.4%, P = 0.082). Most eConsults came from
primary care providers internal to the network (596 of 670, 89%). Interviews with team members highlighted successes
such as improved efficiency and reduced patient travel burdens, while also identifying challenges, notably the need for
increased provider familiarity and usage of the eConsult platform.

Conclusion. Overall, the eConsult program represents a promising strategy to enhance specialty care delivery,
particularly for underserved and distant populations, though ongoing education and system integration efforts are

crucial for maximizing its impact.
INTRODUCTION

Specialty visits constitute more than half of all outpatient
visits in the US." Referral rates to specialty providers doubled
between 1999 and 2009, and an estimated 10% of primary care
visits during that time frame resulted in consultation or referral to
another provider.? This increase in demand for specialty services
has occurred at a time when the number of specialty providers
in many fields has declined across the US, creating significant
workforce shortages.® Limited access to specialty care, espe-
cially for uninsured patients and those on public insurance, such
as Medicaid, has become a significant contributor to health
inequality in the US. Health care interruption due to limited access
to specialty care can result in deterioration of patient outcomes
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including hospitalization, delays in diagnosis, and delays in
therapeutic initiation.*°

For patients in rural and micropolitan (population centers of
10,000-50,000) areas of the country, the shortage of local spe-
cialists is especially significant. Studies estimate an average of
30 specialty physicians per 100,000 people in such areas, com-
pared to 263 per 100,000 in urban areas.® The field of rheumatol-
ogy is a nonproceduralist specialty with an uneven distribution of
available specialists across geographic regions of the country.”
This creates disparities in access by necessitating some patients
travel between three and seven hours for management of their
rheumatologic condition.*

Health care insurance barriers also impact specialty care
access. Medicaid enrollees in Colorado report waiting 1.4 times
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SIGNIFICANCE & INNOVATIONS

* Most electronic consultations (eConsults) were
completed without the need for an in-person
follow-up, suggesting that some rheumatology care
is appropriate for primary care environments when
under the consult of a specialist.

+ Rheumatologic care eConsults, particularly with
health care providers outside of the academic med-
ical setting, have the potential to reach more under-
served and rural populations.

longer than privately insured patients to receive specialty care and
are 3 times more likely to not see a specialist due to challenges in
identifying providers who accept new Medicaid patients.® Addi-
tional studies have shown that Medicaid enrollees travel signifi-
cantly more miles to obtain care compared to individuals with
other forms of insurance, with distance to rheumatology care
averaging nearly 20 more miles.®

The rising demand for rheumatology care has outpaced the
supply of rheumatologists,'® creating a need to develop new
ways of extending specialty expertise to local primary care net-
works. In a traditional model, a primary care provider (PCP) in
need of additional guidance on the evaluation or management of
a patient has several options. First, if the PCP feels the problem
is within the scope of their practice, they may elect to consult the
literature or other resources. Second, PCPs can informally dis-
cuss the clinical scenario with specialty colleagues, commonly
referred to as a “curbside consult.” Third, the PCP may choose
to place a traditional referral to a specialist. PCPs in rural and
micropolitan areas may not have proximity to or relationships with
specialty providers that afford informal communications, limiting
their specialist access to only traditional consultations. In addition,
studies have shown that evaluation and management plans
based on curbside consultation are often inferior compared to a
formal consult, largely due to inaccurate or incomplete information
assoclated with the curbside consultation. In a traditional in-
person evaluation, the specialist may provide treatment and man-
agement recommendations back to the PCP or assume respon-
sibility for the management of the patient for the referred
condition.'?

Electronic consultation (eConsult) programs represent a
novel way to supplement traditional approaches to health care
delivery and may improve access for those in nonurban settings
or the underinsured.” An eConsult is an asynchronous electronic
consult between the PCP and a specialist within a shared elec-
tronic platform.® This process allows the specialist to quickly pro-
vide advice to the PCP regarding evaluation and management.
Implementation of eConsult programs have been proposed as
an effective way to provide patients with timely access to specialty
care, decrease unnecessary transitions between primary and
specialty care providers, and prioritize patients with urgent

needs.®'® Such programs have demonstrated their ability to
reduce wait times for rheumatology care.*'® eConsult programs
may be an effective mechanism to deliver specialty care to medi-
cally underserved patients through primary care channels.'®

To improve access to specialty care, the Peer Mentored
Care Collaborative at the University of Colorado School of Medi-
cine (SOM) leveraged the eConsult platform developed with the
Association of American Medical Colleges (AAMC) to bring a for-
mal eConsult program to University of Colorado Hospital (UCH)
network, using the Epic Electronic Health Record (EHR) system.
Later, this program was expanded to allow for eConsults from
PCP partners practicing within Federally Qualified Health Centers
(FQHCs) in Colorado. The aim of this evaluation was to describe
this project’s impact on access to rheumatology care, quality,
and health care use.

METHODS

Evaluation study design. This evaluation used EHR data
and Medicaid claims data to describe patient and provider char-
acteristics, referral characteristics, care process outcomes, and
health care use for patients with a new referral for a traditional in-
person evaluation or an eConsult to the SOM Rheumatology
Clinic. Additionally, semistructured qualitative interviews were
conducted with rheumatologists and the director of finance and
administration for the Division of Rheumatology to gather insights
and opinions regarding perceived facilitators, barriers, and suc-
cesses of the program.

EHR data were used to identify new referrals to the SOM
Rheumatology Clinic between April 1, 2018 and June 30, 2022.
This included traditional referrals and eConsults. A new patient
referral was defined as a referral with no prior rheumatology
encounters or completed eConsults within the prior three years,
in accordance with established coding practice.'” Patients were
categorized into two groups according to their initial referral type:
traditional referrals or eConsults. The latter group was further sep-
arated into “internal referrals” (providers internal to the UCH net-
work) and “external referrals” (providers from partner FQHCs in
Colorado, who used a referral platform that was external to the
Epic EHR system—AristaMD). Both eConsults and traditional
referrals to UCH Rheumatology undergo screening by a rheuma-
tologist. An eConsult could be declined if deemed inappropriate
for rheumatology care (condition better addressed by another
specialist) or if insufficient data were available to supply a satisfac-
tory response (in which case, additional information was
requested). Accepted eConsults were either completed by
rheumatology faculty or converted to a traditional referral if the
rheumatologist determined appropriate care required a patient
visit. In the traditional referral pathway, rheumatology faculty per-
formed triage and divided all referrals into three categories:
(@) automatic scheduling for in-person evaluation, (b) needs addi-
tional information from referring office, and (c) no in-person
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rheumatology evaluation or low suspicion for rheumatic disease.
Clinical scenarios deemed medically urgent by the rheumatology
faculty member from either pathway were prioritized and sched-
uled for prompt evaluation. '®

Patient characteristics and encounter outcomes.
EHR data and external referral data were used to describe the
patient characteristics and referral characteristics, including diag-
nosis and referring physician characteristics, stratified by referral
type (traditional, internal eConsult, external eConsult). Some
patient characteristics (patient age and insurance information)
were unavailable for patients referred by external providers. To
assess sociodemographic status, patients’ five-digit home zip
codes from the EHR were linked to the Area Deprivation Index
(ADI; version 3.2) published by the Center for Health Disparities
Research.'®2° The ADI is published at the five-digit zip +4 level,
so the patient-specific ADI value was obtained by averaging
across all five-digit zip +4 ADIs within the patient’s five-digit zip
code. We used the zipcodeR package available through the
Comprehensive R Archive Network (CRAN)?! to obtain a com-
plete list of Colorado and neighboring state (Arizona, Kansas,
Nebraska, New Mexico, Oklahoma, Utah, Wyoming) zip codes
and then used the gmapdistance R package, available through
Github,?? to calculate driving distances from each of these zip
codes to the SOM Rheumatology Clinic. The gmapdistance
package queries Google Maps for driving distances. The exact
point within the zip codes that Google uses as a starting point is
unknown. We then matched a patient with their driving distance
to the clinic using their recorded zip code. Patient zip codes were
matched to a Colorado county using the zipcodeR package for
classification into urban, rural, or frontier county types.

Referring providers were characterized as either primary care
(family medicine, internal medicine, or geriatrics) or by other spe-
cialty or subspecialty and by frequency of unique new referrals
placed during the observation period. The specialty eConsult pro-
cess was primarily marketed for PCP use.

The “reason for referral” for both traditional referrals and
internal eConsults was identified using International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
diagnostic codes recorded by the referring provider during the
encounter in which the referral was placed. This information was
not available for external eConsults. Diagnostic codes were
grouped into categories based on ICD-10-CM code hierar-
chies and the condition descriptions associated with the codes
at the time of the encounter. The following categories were
defined: (1) osteoarthritis (also other arthritis, other cartilage
disorders excluding spine), (2) systemic connective tissue
disorders (systemic lupus erythematosus [SLE], sclero-
derma, dermatomyositis/polymyositis, other), (3) rheumatoid
arthritis (RA), (4) spondyloarthritis (ankylosing spondylitis,
other spinal disorders), (5) crystalline arthritis, (6) psoriatic and
other reactive arthritis, (7) dermatologic conditions (urticaria,

Stevens—Johnson Syndrome, erythema multiforme, purpura,
cutaneous scleroderma), (8) Raynaud and vascular disorders,
and (9) other conditions (autoimmune hepatitis, autoinflamma-
tory syndromes, disorders of bone density and structure, dis-
orders of synovium and tendon, dry eyes and mouth, and
Ehlers-Danlos, Marfans and other heritable connective tissue
disorders). If none of the above diagnoses were identified, the
consult was categorized according to symptoms or signs
that may be related to a rheumatologic disorder as follows:
(1) positive antinuclear antibody (ANA) or erythrocyte sedimen-
tation rate with arthralgia-myalgia, (2) myalgia, pain, and swell-
ing, (8) malaise, fatigue, and weakness, and (4) chronic pain.

To assess the impact of the eConsult program on access to
rheumatology care, referral completion rate and time between
referral order and completion were compared between eConsults
and traditional referrals. For traditional referrals and converted
eConsults, completion date was the date the patient was seen
by the SOM Rheumatology department, limited to visits occurring
within 180 days of the referral order date. For eConsults, comple-
tion date was the date the SOM rheumatologist completed the
eConsult. In both cases, time to completion represents the time
elapsed before a SOM rheumatologist provided service or medi-
cal advice.

Prescription orders for initiation of a new disease-
modifying antirheumatic drug (DMARD) were assessed among
internal referral patients with a diagnosis of RA within 60 days
of a completed SOM Rheumatology consultation, as defined
in the previous paragraph. Patients’ hospital and emergency
department (ED) use for a rheumatology-related condition
within 60 days of referral were measured for the subset of
patients with Medicaid insurance due to the availability of
claims data for this population.

Interviews with eConsult team members. To gather
insight into the development and growth of the eConsult program,
including notable successes and challenges, semistructured
interviews were conducted with six eConsult team members (five
rheumatologists and the director of finance and administration for
the Division of Rheumatology). Interview questions focused on the
health care delivery issues that eConsults address, perceived
impact on the patient population served, impact on rheumatology
access, and areas for program improvement. Interviews were
held over Zoom, and audio recordings were generated from each
interview.

Quantitative analysis methods. Descriptive analysis
compared traditional referrals to eConsults across the factors
described previously, including patient demographics, referring
provider characteristics, time to referral completion, DMARD initi-
ation in the subset of patients with a diagnosis of RA, and hospital
and ED usage. Categorical variables were compared using a chi-
square or Fisher’'s exact test, and continuous variables were
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compared using an independent ¢-test or the Kruskal-Wallis
test where appropriate. The unit of analysis was a unique new
patient referral (either electronic or traditional) to SOM Rheu-
matology. Individual patients potentially contributed more than
one encounter if referrals were separated by at least three
years with no intervening rheumatology encounters. No adjust-
ment was made for repeated patient measures as this occur-
rence was rare and repeat referrals likely represented new
patient problems that were independent of the original referral
with patient outcomes of interest unlikely to be highly
correlated.

Qualitative analysis. Thematic analysis was used to sum-
marize the semistructured interviews conducted with eConsult
team members. Audio from the interviews was transcribed using
the artificial intelligence software, Trint. The transcriptions were
then analyzed together using rapid qualitative analysis, with
quotes grouped into themes of project successes and chal-
lenges/areas for improvement.

Ethics. This evaluation was submitted to and approved by
the Colorado Multiple Institutional Review Board as nonhuman
subjects’ review.

RESULTS

Characterization of referrals. Between April 1, 2018
and June 30, 2022, 10,433 traditional referrals and 670 eConsults
were placed for rheumatology consultation. Of the 670 eConsullts,
595 (88%) were from providers internal to the UCH network, and
150 of 595 (25%) were converted to traditional consultations by
the rheumatologist. Eighteen patients contributed two referrals
to the analysis. Patient characteristics differed between recipients
of eConsult and recipients of traditional rheumatology referrals
(Table 1). The racial distribution in the eConsult group was sta-
tistically different from patients in the traditional referrals group
(P < 0.001), as was the distribution of the patients’ primary lan-
guage (P < 0.001). Patients in the eConsult group were more
likely to live in urban counties and live closer to the SOM Rheu-
matology Clinic than traditional referrals (median 12.3 miles for
all eConsults vs 34.1 miles for traditional referrals, P < 0.001)
and had a lower ADI score compared to the group with tradi-
tional referrals (mean ADI = 5.2 vs 5.7, respectively,
P < 0.001) (Table 1). Of potential importance, the 75 recipients
of external eConsults, which made up 11% of the total eCon-
sult group, lived a median of 42.0 miles from the rheumatology
clinic and had a higher mean ADI score of 6.8. Figure 1 shows
the geographic spread of internal and external eConsults,

Table 1. Characteristics of patients receiving traditional referrals and eConsults from April 1, 2018 to June 30, 2022*

Traditional
=Cansuiis referrals P value®
Internal n =595 Externaln=75 Alln=670 n=10433

Age, mean (SD) 50.8 (17.7) - - 479 (16.3) <0.001°
Male sex, n (%) 176 (29.6) 19 (25.3) 195 (29.1) 2,793 (26.8) 0.204°
Race, n (%) <0.001¢
White 426 (71.4) 25(33.3) 451 (67.3) 7,136 (68.4)
Black/African American 67 (11.3) 2(2.7) 69 (10.3) 627 (6.0)
Other/more than one race 101 (17.0) 20 (26.7) 121 (18.1) 1,851 (17.7)
Missing 1(0.2) 28 (37.3) 29 (4.3) 819 (7.9)
Hispanic ethnicity, n (%) 78 (13.1) 23(30.7) 101 (15.1) 1,469 (14.1) 0.474°
Primary language, n (%) <0.001°¢
English 562 (94.5) 28 (37.3) 590 (88.1) 9,109 (87.3)
Spanish 20(3.4) 17 (22.7) 37 (5.5) 261 (2.5)
Other 11(1.8) 0(0) 11 (1.6) 183(1.8)
Missing 2(0.3) 30 (40.0) 32 (4.8) 880 (8.4)
Medicaid insurance, n (%) 80 (13.4) - - 2,704 (25.9) <0.001¢
County designation, n (%) <0.001¢
Urban 586 (98.5) 28 (37.3) 614 (91.6) 8,417 (80.7)
Rural 3(0.5) 4(5.3) 7 (1.0 1,097 (10.5)
Frontier 0(0) 0(0) 0(0) 310 (3.0)
Out of state or missing zip code 6(1.0) 43 (57.3) 49(7.3) 609 (5.8)
Driving distance to clinic, median (IQR), miles 12.3(6.8,21.7) 42.0(20.8,71.7) 123(6.8,21.8) 34.1(14.3,84.7) <0.001¢
Outside of 8-state area or missing zip code, n (%) 4(0.7) 43 (57.3) 47 (7.0) 223(2.1)
ADI, mean (SD) 5.1 (2.0) 6.8 (1.9) 5.2(2.0) 5.7 (2.3) <0.001°
Qut of state or missing zip code or ADI value, n (%) 7(1.2) 43 (57.3) 50 (7.5) 603 (5.8)

* ADI, Area Deprivation Index; eConsult, electronic consultation; IQR, interquartile range.
@ Comparison between all eConsults and traditional referrals unless otherwise noted.

Comparison between internal eConsults and traditional referrals.

¢ Chi-square test.
Fisher's exact test.
€ Kruskal-Wallis rank sum test.
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Figure 1. Geographic distribution of Colorado zip codes for patients receiving internal or external eConsults to rheumatology. eConsult, elec-
tronic consultation.
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Table 2. Characteristics of internal electronic versus traditional referrals®

Internal eConsults

Completed as Converted to All eConsults  Traditional referrals
eConsult (n =445)  traditional (n = 150) (n =595) (n=10,433) P value?®
Osteoarthritis 153 (34.4) 64 (42.7) 217 (36.5) 2,910 (28.0) <0.001°
Connective tissue disorders 27 (6.1) 5(3.3) 32(5.4) 1,393 (13.4) <0.001°
(eg, lupus)
Rheumatoid arthritis 11(2.5) 7(4.7) 18 (3.0) 1,360 (13.0) <0.001°
Other conditions 49 (11.0) 17 (11.3) 66 (11.1) -
Spondylopathies 28 (6.3) 12 (8.0) 40 (6.7) 581 (5.6) 0.273°
Crystalline arthritis 42 (9.4) 9(6.0) 51 (8.6) 365 (3.5) <0.001°
Psoriatic arthritis 6(1.4) 8(5.3) 14.(2.4) 350 (3.4) 0.225°
Dermatologic conditions 17 (3.8) 2(1.3) 19 (3.2) 244 (2.3) 0.184°
Raynaud 13(2.9) 1(0.6) 14(2.3) 326 (3.1) 0.349°
None of the above diagnoses but
possible rheumatologic-related
signs or symptoms
Positive ANA results 67 (15.1) 25(16.7) 92 (15.5) 1,011 (9.7) <0.001°
Myalgia, pain, swelling 35(7.9) 9(6.0) 44.(7.4) 821 (7.9) 0.676°
Malaise, fatigue, weakness 11(2.5) 3(2.0) 14 (2.4) 133(1.3) 0.026°
Chronic pain 1(0.2) 1(0.7) 2(0.3) 74(0.7) 0.441¢
None of the above diagnoses or 49(11.0) 10(6.7) 59 (9.9) 1172 (11.2) 0.318°
symptoms

* Values are the number (%) unless indicated otherwise. ANA, antinuclear antibody; eConsult, electronic consultation.
@ Comparison between all eConsults and traditional referrals; diagnosis categories are not mutually exclusive.

P Chi-square test.
¢ Fisher's exact test.

demonstrating the extended reach outside the Denver metro
area by the external eConsult group. Zip code data, and there-
fore associated county designation and ADI score information,
were missing for 43 of 75 (57.3%) of these individuals in the
external eConsult group, however, limiting full interpretation of
results.

The most common reason for referral for both eConsults and
traditional referrals was osteoarthritis, but the relative frequency
was higher for eConsults (36.5%) than traditional referrals
(28.0%, P < 0.001) (Table 2). The next most common reasons
for eConsults were positive ANA results (15.1%) and crystalline
arthritis (9.4%). SLE and RA were more common referral reasons
for traditional referrals (13.4% and 13.0% respectively), compared

Table 3. Referring provider characteristics*

to eConsults (5.4% and 3.0%, respectively, P < 0.001 for both
categories).

Characterization of referring providers. A total of
4,176 unique providers placed a traditional referral, and
183 placed an internal eConsult during the observation period
(Table 3). Most providers using traditional referrals placed only
one (59.4%), whereas most providers placing eConsults placed
more than one during the observation period, with 29.5% placing
two to three and 33.3% placing four or more.

Access. All completed eConsults were returned to the refer-
ring PCP within 30 days, with 73% returned within 3 days

Providers placing
internal eConsult

Providers placing
traditional

referrals (n = 183) referrals (n = 4,176) Pvalue
Provider specialty, n (%) <0.001°
Family medicine 91 (49.7) 1,154 (27.6)
Medicine specialty 4(2.2) 580(13.9)
Internal medicine/geriatrics 72 (39.3) 505(12.1)
Other specialty 16 (8.6) 866 (20.9)
Unknown 2(1.1) 1,071 (25.6)
Number of referrals placed by individual <0.001¢
providers during the observation period, n (%)
One 68 (37.2) 2,482 (59.4)
Two or three 54 (29.5) 1,113 (26.7)
Four or more 61 (33.3) 581 (13.9)

* eConsult, electronic consultation.
4@ Chi-square test.
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Figure 2. Number of days to completion for traditional referrals and internal eConsults. eConsult, electronic consultation.

(Figure 2). eConsults that were converted to a traditional referral
were completed within 90 or 180 days at a higher rate (26% and
36%, respectively) compared to the traditional referral pathway
(11% completed within 90 days and 20% within 180 days,
P < 0.001 for both comparisons).

Quality. Of the 18 eConsults placed for patients with an
associated diagnosis of RA, 7 were converted to a traditional con-
sultation and 11 were retained as an eConsult (Table 2). Of these
11 completed eConsults, 8 (72.7%) resulted in a new order for
DMARD therapy within 30 days of consultation completion. Of
traditional referrals, 421 of those completed within 180 days
of referral placement were associated with RA diagnosis, and
132 of these (31.4%) resulted in a new order for DMARD therapy.

Health care use. Emergency and hospital admissions for a
rheumatology-related condition occurring within 60 days of the
referral placement were examined among the Medicaid popula-
tion, which included 80 individuals with internal eConsults and
2,704 with traditional referrals (Table 4). A total of 8 eConsult

recipients (10%) and 455 traditional referral recipients (16.8%)
used the ED within this time frame (P = 0.143), and 4 (5.0%)
and 151 (5.6%), respectively, had at least one hospitaliza-
tion (P =1.00).

Perceived project successes and challenges. All proj-
ect team members felt that the rheumatology eConsult program
was a successful method for improving access to specialty care.
The rheumatologists identified the following benefits: reduced
time to care, costs savings for patients (transportation costs,
missed time at work for clinic visit) and for the health care system
(reduced third-payor expense for reimbursement of eConsult vs a
traditional in-person encounter), and reduced travel burden for
patients by redirecting care through the PCP when appropriate.
In comparison to traditional referrals, visits for patients with con-
verted eConsults were deemed more efficient due to advanced
knowledge by the rheumatology team of the evaluation com-
pleted to date and a higher index of suspicion for rheumatic dis-
ease. Another commonly discussed benefit was perceived
improvement in time to care. Rheumatologists shared that they

Table 4. Emergency visits or hospital admissions (for rheumatologic indications) within 60 days of referral (Medicaid-

insured patients)*

Internal eConsults

Traditional referrals

(n=80) (n=2,704) P value
At least one emergency department visit 8(10.0) 455 (16.8) 0.143°
More than one emergency department visit 1(1.3) 93 (3.4) 0.523°
At least one hospital admission 4(5.0) 151 (5.6) >0.999P
More than one hospital admission 1(1.3) 33(1.2) >0.999P

* Values are the number (%) unless indicated otherwise. eConsult, electronic consultation.

@ Chi-square test.
b Fisher's exact test.
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had seen the wait time for in-person evaluation decrease since
offering eConsults, with one provider sharing, “It frees up our abil-
ity to get people in the clinic faster.”

Although all the rheumatology team members stated they felt
eConsults were working well, one common suggestion for
improvement was increasing usage of eConsults by PCPs. Rheu-
matologists felt that PCPs were not familiar enough with the
eConsult system, hindering usage. They believed continued edu-
cation and messaging around eConsults were necessary to
increase eConsult usage by PCPs.

DISCUSSION

In this study, eConsults resulted in more timely provision of
specialty care or advice to patients compared to traditional refer-
rals. eConsults that were converted to a traditional face-to-face
encounter were completed at a higher rate and in a shorter time
frame compared to those initiated as a traditional referral.
Although several factors may be associated with the difference
in time to completion, perhaps most pertinent is the referral triage
process for traditional referrals at SOM Rheumatology. Previous
data from our group demonstrated that 30% of referrals were
considered very low suspicion for an autoimmune or inflammatory
condition and hence not offered an in-person visit.'® We did not
have access to screening data from the physician review team
for this analysis. As such, results pertaining to the percentage of
referrals scheduled within 90 and 180 days in the traditional path-
way are taken from the entire cohort of referrals to rheumatology
and not the subset deemed most appropriate for scheduling after
physician review. Thus, the low completion rate in the traditional
pathway (11% and 20% at 90 and 180 days, respectively) was
likely impacted by the review process itself. Nonetheless, our find-
ings regarding the timeliness of eConsults as well as subsequent
conversions to in-person care are consistent with outcomes
reported in other studies of eConsult programs.

The rheumatologists in our study attributed the timeliness of
completed visits within the eConsult pathway in part to the ability
to gain advanced knowledge of the patient’s condition ahead of
the visit, making the care process more efficient. Furthermore,
eConsults that were not deemed to require an in-person evalua-
tion were addressed far more rapidly than a traditional referral,
with PCPs receiving actionable recommendations within three
days of consultation placement in 75% of cases. eConsult pro-
grams also have the potential to improve access to specialty care
in medically underserved communities far from urban areas,
where physician specialty practices are typically located.'® In our
evaluation, the majority of eConsults were submitted by internal
providers sharing the same EHR platform and a similar geo-
graphic location. External eConsult recipients, in contrast, lived
significantly farther away from the rheumatology practice (median
42.0 miles) than either internal eConsult (12.3 miles) or traditional
eConsult recipients (34.1 miles), had a higher ADI score, and

comprised a higher proportion of Spanish-speaking individuals.
Unfortunately, the number of external consultations in our study
was low, limiting our investigations on the impact of the eConsult
program in rural and underserved populations.

The eConsult program through SOM Rheumatology was ini-
tiated with the help of the AAMC Project Coordinating Optimal
Referral Experiences (CORE).% This project began as a collabo-
ration between specialists and PCPs within the University of Colo-
rado system and later became available to select FQHC facilities.
The rheumatologists involved in the eConsult program suggested
that broader advertising and education regarding the program to
FQHC facilities in rural and underserved areas may increase use
of the tool, which in the future, should allow for a more thorough
evaluation of the effect of eConsults on specialty access in rural
settings. Statewide efforts to increase the use of eConsult ser-
vices are underway as well. In February 2024, the Colorado
Department of Health Care Policy and Financing launched a
statewide Medicaid electronic consultation platform, which aims
to improve health care equity, access, and outcomes for Medic-
aid patients.?*

eConsults provide a unique opportunity to address the grow-
ing volume of specialty referrals to rheumatology. Thoughtfully
designed eConsult programs can reduce the need for in-person
specialty evaluation (hence preserving access for patients requir-
ing a face-to-face encounter) by empowering PCPs with the tools
to evaluate and manage patients. This study provides data
regarding the feasibility and safety of a rheumatology eConsult
program in a large academic medical center. The three most
common diagnoses associated with the nearly 600 eConsults
described in this study were for osteoarthritis, crystalline arthritis,
and positive ANA results. These are conditions that many PCPs
are familiar with and are often comfortable managing, especially
if guidance is available through an eConsult. Each of these condi-
tions were more common in eConsults compared to traditional
referrals in our study. It is important to highlight, however, that
these conditions represented over 40% of the more than 10,000
requests for in-person evaluation received by our institution dur-
ing this study. This demand for rheumatologic expertise far
exceeds the supply of rheumatologists in our practice and is
reflective of national trends described by the American College
of Rheumatology Workforce Study Group in 2015, in which the
demand for rheumatologic services was expected to double by
the year 2030."° As our study suggests, eConsults may represent
a tool in which noninflammatory conditions can be efficiently
addressed outside of the rheumatology clinic, enhancing access
for patients with inflammatory disease.

In our study, referrals for autoimmune conditions, such as
lupus and RA, were less in the eConsult pathway compared to
traditional referrals, which may reflect primary care preference for
management of these conditions directly by a rheumatologist. In
cases in which eConsults on management of autoimmune condi-
tions were placed, it commonly arose due to barriers to an in-
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person visit. Nonetheless, among the 11 completed eConsullts for
a diagnosis of RA, 8 (72.7%) were started on a DMARD, indicat-
ing the impact of eConsults even in medically complex scenarios.

eConsult programs have increased since the COVID-19 pan-
demic. Prior analysis of our data (unpublished) suggests that
eConsults require an average of 10 to 12 minutes for completion.
In contrast, traditional face-to-face new-patient encounters are
often significantly longer, often taking 40 to 60 minutes at SOM
Rheumatology. This suggests that eConsults may provide a way
1o preserve access in our clinics by serving a larger number of
patients in a shorter timeframe. Synchronous video visits avoid
transportation time and costs on an individual patient level and,
as such, may represent a tool to enhance access to vulnerable
patient populations. At the same time, such visits are commonly
allotted the same amount of time as traditional face-to-face
encounters, meaning their ability to impact the overall demand
for rheumatologic services from a population perspective may
not be as significant as eConsults. Finally, our experience sug-
gests that eConsult programs may also be financially viable for
rheumatology practices under increasing scrutiny for efficiency
and productivity. Although reimbursement for clinical services var-
ies according to insurance payor, eConsults are often assigned
0.7 work relative value units (WRVUSs), whereas a new-patient
complex encounter yields 3.5 wRVUs. At SOM Rheumatology,
completing five eConsults in one hour would roughly equate to
the same wWRVU production as seeing one new patient in clinic.
Perhaps equally important is the improved access for in-patient
visits created by this alternative form of care delivery. If 2 hours
are spent weekly completing 12 eConsults and the alternative
option was to see each of these 12 patients during a 1-hour new
patient visit, 10 additional hours are “created” to provide access
for patients with complex autoimmune conditions.

One limitation of this study was the missing data elements for
recipients of external eConsult referrals (with less consistent
access to information such as patient age, insurance status, ICD
and area codes, and ADI score information, due to the lack of a
shared EHR). This, alongside the nonrandomized design, con-
founded direct comparison between eConsult referral groups.
Nonetheless, the unique characteristics identified for the external
referral group suggest that this modality reached a population that
may lack access to traditional referrals. In addition, the percent-
age of completed visits within the traditional pathway should be
interpreted in the context of the referral triage system. Finally, this
analysis was conducted within the context of quality improvement
and program evaluation; thus, the results may not be generaliz-
able outside of this setting.

The rheumatology eConsult program described in this study
successfully delivered rheumatology specialty care to patients in
urban and resource-limited settings, with PCPs receiving action-
able recommendations within 72 hours in the vast majority of
cases. Nonautoimmune conditions represented 60% of eCon-
sults in our study, highlighting the potential utility of an eConsult

program in addressing the growing volume of specialty referrals.
Extension of eConsult platforms to rural and underserved com-
munities has the potential to reach additional vulnerable popula-
tions, and focused education to primary care networks may
improve use of this tool. Rheumatology team members
expressed satisfaction with the program, but obtaining additional
perspectives from patients and referring providers would be ben-
eficial in future evaluations.
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Experiential Learning for Developing Telehealth and Shared
Decision-Making Skills during Rheumatology Fellowship
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Objective. Telehealth and shared decision-making (SDM) enhance the care of people with rheumatic diseases.
Responding to calls for training on telehealth and SDM, we developed an educational intervention for rheumatology
fellows-in-training (FITs).

Methods. FITs conducted two patient care telehealth encounters (pre- and post-intervention). Following the first
encounter, FITs completed an online module highlighting the nuances of SDM during telehealth and a simulated patient
encounter to practice telehealth skills, especially SDM. After each observation, FITs received feedback on their “web-
side” manner, SDM, and visit coordination skills via feedback forms (FF). Wilcoxon-signed rank tests compared quan-
titative FF measures, whereas qualitative methods analyzed written comments. FITs completed a survey and self-
reported their confidence in SDM during telehealth visits.

Results. Atotal of 9 and 11 FITs completed pre- and post-intervention encounters, respectively; 47 FITs completed
the simulation. Total points earned on the FF and points specific to the visit coordination subsection of the FF signifi-
cantly increased from pre- to post-intervention (P = 0.011 and P = 0.049, respectively). “Webside” manner scores
improved without reaching statistical significance (P = 0.067). SDM scores remained unchanged, whereas confidence
conducting SDM during telehealth improved significantly (P < 0.001). Qualitative analysis highlighted the apt use of
technology as a skill FITs could further develop for enhancing SDM during telehealth.

Conclusion. Education dedicated to telehealth skills with an emphasis on SDM improves FITs’ confidence in prac-
ticing SDM during telehealth and advances general telehealth skills implemented during patient care. Our materials and
approach to instruction prepare FITs for delivering telehealth care and enriching patient-centeredness as new entrants
into the rheumatology workforce.

INTRODUCTION The Rheumatology Core Curriculum lists telehealth as a

requisite of fellowship training, and educators have designed

Telehealth is an essential method of care delivery that
remains prevalent following the COVID-19 pandemic.” Tele-
health expands access to care for people with rheumatic dis-
eases and supports shared decision-making (SDM), the
process through which patients and providers create care
plans aligned with patients’ preferences to enhance
outcomes.?
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materials to teach telehealth skills to rheumatology fellows-
in-training (FITs) in preparation for entering the workforce.>*
Nonetheless, FITs report low confidence in their telehealth com-
petence.*® Furthermore, successful SDM during telehealth
requires applying multiple nuanced skills simultaneously. Patients
and providers recommend dedicated training in this domain, yet
no published curricular materials focus on SDM during
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SIGNIFICANCE & INNOVATIONS

+ Optimizing the components of telehealth visits and
shared decision-making (SDM) during telehealth
enhance the care and outcomes of people with
rheumatic diseases.

* Rheumatology fellows-in-training (FITs) must
develop skills related to telehealth and SDM during
telehealth to uphold access to patient-centered
care after entering the rheumatology workforce.

+ We created an educational intervention comprised
of a module, a simulated telehealth encounter fea-
turing SDM, and a structured feedback form that
increased FITs’ confidence conducting SDM during
telehealth and enhanced overall telehealth perfor-
mance. When integrated into a series of observed
patient care telehealth encounters, the educational
intervention enhanced the telehealth skills FITs
applied to patient care.

+ These educational materials may be used by train-
ing programs to supplement their existing curricula
and enhance trainee skills in the delivery of tele-
health and SDM.

telehealth.® Combined, these factors identify the need for addi-
tional telehealth instruction with an emphasis on SDM.

In this study, we applied experiential learning theory to
address these educational needs. Experiential learning theory
states that skills are developed and refined through iterative
cycles of learning, reflection, and experimentation.”® We
designed, implemented, and evaluated a series of educational
interventions comprised of patient care experiences, independent
learning with guided reflection, simulated encounters, and feed-
back for FITs. Our primary aim sought to improve FITs’ confi-
dence sharing decisions during telehealth, and our secondary
aim focused on enhancing FITs’ skills in delivering general tele-
health care, including SDM, during patient encounters.

METHODS

FITs from rheumatology programs at Duke University, Mas-
sachusetts General Hospital, Medical University of South Caro-
lina, University of Alabama at Birmingham, University of
Colorado, University of North Carolina, Wake Forest University,
and Washington University in St. Louis (WUSM) were invited to
participate if they engaged in their program’s annual rheumatol-
ogy objective structured clinical examination (ROSCE) and/or
delivered telehealth care to people with rheumatic diseases. Pro-
gram directors (ASA, MBB, JK, DL, AR, LZ) recruited and con-
sented FITs for participation, emphasizing that data would be
deidentified and would not contribute to their standing in the train-
ing program. Patients granted permission for FITs to be observed
during their telehealth encounters. Methods complied with the

Declaration of Helsinki, as approved by the WUSM Institutional
Review Board (#202310110).

Rheumatology faculty with clinical and scholarly expertise in
rheumatology telehealth (ASA, JK, DL, AR, LZ) observed FITs
conduct telehealth encounters, scoring their skills against the
Rheumatology Telehealth Feedback Form (RTFF) and delivering
feedback on this “pre-intervention encounter.”® The RTFF is used
to observe and provide formative feedback on telehealth skills. It
includes numeric scores, areas for written comments, and “not
applicable” options for skills integral to telehealth, including “web-
side” manner, history-taking, virtual physical examination, SDM,
and care coordination, with overall performance reflecting FITs’
general telehealth skill level. We selected the RTFF because its
design optimized validity, incorporating content expertise, includ-
ing instructions for response process validity, and demonstrating
moderate-to-strong internal structure validity.®

Participants then completed an online module about tech-
niques for successful SDM during telehealth, including explaining
the general steps of SDM, identifying patient scenarios in which
telehealth will benefit SDM, describing health systems that sup-
port SDM during telehealth, and demonstrating facile use of com-
munication skills and tools within telehealth platforms that
promote  SDM  (https://rheumatology.wustl.edu/fellowship-
program/courses/). To meet these objectives, the module pre-
sented two lessons titled “Shared Decision-Making During Tele-
health” and “How to Optimize Shared Decision-Making in the
Virtual Setting.” A third segment, “Putting Things Together,” fea-
tured a recorded telehealth encounter followed by a guided reflec-
tion of areas of excellence and areas for improvement. A key
provided answers. Researchers (AS, LZ) made modifications to
enhance the clarity of wording after educators reviewed and pro-
vided feedback on the module.

FITs then completed a simulated telehealth encounter during
their ROSCE in January or February 2024 that featured a person
with ankylosing spondylitis who wished to stop treatment
(Supplement 1). We selected ankylosing spondylitis for the station
because published ROSCE materials focus on rheumatoid arthritis,
and we sought to incorporate content underrepresented in previ-
ous educational initiatives.* The station prompted FITs to practice
general and SDM telehealth skills while patient actors (AS, GAM,
CB) and faculty (LCS, LZ) scored the encounter against a modified
version of the RTFF (Supplement 2). To allow enough time for SDM
discussions, FITs were provided physical examination findings in
advance, and virtual physical examination skills were not assessed.
Patient actors and faculty attended training sessions to standardize
patient portrayal and the feedback delivered to FITs. After the
ROSCE, FITs completed a survey, retrospectively reporting their
confidence practicing SDM during telehealth before and after com-
pleting the online module and simulated encounter on a four-point
Likert scale (1 = not confident; 4 = very confident), as well as shar-
ing their opinions on the instructional materials. Wilcoxon-signed
rank tests compared survey responses.


https://rheumatology.wustl.edu/fellowship-program/courses/
https://rheumatology.wustl.edu/fellowship-program/courses/
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Following the ROSCE, researchers (ASA, JK, DL, AR, L)
observed and scored FITs conducting a second, “post-interven-
tion” telehealth encounter. Participants received feedback on their
telehealth skills via the RTFF. Patient telehealth encounters were
selected for pre- and post-observations based on ease of schedul-
ing without screening for scenarios that emphasized SDM.

We calculated the percentage of points earned on the RTFF
at the pre-intervention, ROSCE, and post-intervention stages.
Percentages standardized the number of possible points
because encounters variably included “not applicable” observa-
tions on the RTFF. When comparing pre- and post-intervention
scores to ROSCE scores, we excluded physical examination
points because the ROSCE did not assess virtual physical exam-
ination skills. Mann-Whitney U and Kruskal-Wallis tests analyzed
changes in RTFF scores. Spaghetti plots depicted changes in
scores across time points for FITs with at least two RTFF scores.

Researchers collected written comments on the RTFFs from
all three time points and identified themes using qualitative con-
tent analysis and Dedoose software (SocioCultural Research
Consultants, LLC, Los Angeles, CA)."® Two researchers (AS and
GAM) created a list of codes, each applying the codes to half of
the data. Then, the researchers cross-checked the others’ cod-
ing, convening to discuss areas of disagreement with a third
reviewer (LZ). Once consensus was attained, the trio defined
themes that reflected the data set and quantified how frequently
codes and themes emerged as areas of exemplary performance
and improvement.

RESULTS

A total of 9 fellows completed pre-intervention encounters
(4 first-year, 4 second-year, 1 third+-year), and 11 (6 first-year,
4 second-year, and 1 third+-year) fellows completed post-
intervention encounters. Forty-seven FITs completed the ROSCE,
representing 21 (44.7%) first-year, 21 (44.7%) second-year, and
5 (10.6%) third+-year FITs. Thirty-eight (81%) ROSCE partici-
pants answered the post-ROSCE survey. Of the 38 survey partic-
ipants, 36 (94.7%) completed the module.

Survey participants reported significant increases in their
confidence conducting SDM during telehealth (P < .001) and the
module’s learning objectives (Table 1). Effect sizes ranged from

Table 1.

0.571 to 0.730, indicating the module and ROSCE’s moderate-
to-strong influence on FITs’ confidence regarding their skills in
implementing SDM during telehealth. Confidence related to “uti-
lizing the features of telehealth platforms to facilitate SDM” grew
the most (P < 0.001; r = 0.730).

FITs’ general telehealth skills significantly improved across
patient care telehealth observations, the online module, and the
ROSCE (Table 2). This improvement occurred when including
and excluding the assessment of virtual physical examination
skills (P = 0.001 and P = 0.046, respectively). FITs developed their
skills pertaining to visit coordination the most, with scores in this
domain significantly increasing between the ROSCE and post-
intervention observations (P < 0.001). Scores within “webside”
manner and physical examination skills increased between pre-
and post-intervention observations without reaching statistical
significance. We observed no statistical change in SDM scores,
although scores were lowest during the ROSCE encounter, which
specifically targeted SDM during telehealth. Spaghetti plots dem-
onstrate changes in scores for individual FITs who received feed-
back at two or three time points (Supplement 3).

Participants reflected positively on the online module and
ROSCE. All survey participants (100%) agreed or strongly agreed
that the module and ROSCE encounter were relevant to their
practice, with 97% agreeing or strongly agreeing that they would
apply what they had learned to their clinical practice. Furthermore,
96% of FITs agreed or strongly agreed that the module helped
them transfer their SDM skills from in-person to telehealth. FITs
also appreciated the ROSCE station, with 95% agreeing or
strongly agreeing that the patient care scenario was realistic.
Most FITs (97%) agreed or strongly agreed that they received
meaningful feedback on their telehealth and SDM skills during
the ROSCE.

Five themes emerged from comments written on RTFFs
describing FITs’ delivery of telehealth and practice of SDM during
telehealth: building foundations for SDM during telehealth, prac-
ticing SDM, coordinating next steps, using technology, and
establishing “webside” interactions (Supplement 4). Relation-
ships among the themes demonstrate FITs applying their medical
knowledge and assessing the patient’s clinical status before intro-
ducing decisions (foundations for SDM during telehealth). Then,
FITs incorporate this information with patient preferences and

Change in self-reported confidence conducting SDM during TH after completing an online module and simulated encounter®

Mean score before online
module and simulation

Mean score after online
module and simulation

Telehealth skill (N =38)? (N =38) Effect size () P value
Implementing the four steps of SDM during TH 2.58 3.16 0.647 <0.001
|dentifying scenarios when TH can benefit SDM 2.63 3.26 0.660 <0.001
Identifying scenarios when TH can hinder SDM 2.89 3.34 0.573 <0.001
Utilizing the features of TH platforms to facilitate SDM 2.16 313 0.730 <0.001
Describing health systems that benefit SODM during TH 2.50 2.97 0.571 <0.001

* Bolded P values indicate statistical significance. Measured on a four-point Likert Scale (1 = not at all confident, 4 = very confident). SDM,

shared decision-making; TH, telehealth.
@ Measured retrospectively.
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Table 2. Comparison of FIT’s total and subdomain scores during simulated and patient care telehealth encounters*

BIES Post-
intervention intervention,  Comparison Simulation Pre-vs
mean score, Simulation mean mean score, across all time  Pre-intervention VS post- Post-
% + SD score, % + SD % + SD points, vs simulation,  intervention, intervention,
Rubric scores (n=9) (n=47) (h=11) P value? P valueP P value® P value®
Total score with 83+ 11 NA 92+7 NA NA NA 0.046
physical
examination
Total score without 86+ 11 79+£15 96 £ 5 0.001 0.346 <0.001 0.011
physical
examination
“Webside” manner 90+ 12 95+8 98 +4 0.130 0.186 0.163 0.067
Shared decision-making 83+ 27 78 +23 87+ 16 0.543 0.513 0.330 0.756
Visit coordination 76 £35 59 +30 98 +5 <0.001 0.068 <0.001 0.049
Physical examination 70+ 16 NA 81+23 NA NA NA 0.085

* Bolded P values indicate statistical significance. Measured using the RTFF, which includes subsections for the domains of “webside” manner,
physical examination and objective data, SDM, and visit coordination. SDM, shared decision-making; RTFF, Rheumatology Telehealth Feed-

back Form.
2 Kruskal-Wallis Test.
b Mann-Whitney U Test.

their recommendations for management to reach an agreement
(practicing SDM). SDM during telehealth concludes when FITs
coordinate the necessary steps to implement the plan (coordinat-
ing next steps). Finally, SDM uniquely occurs during telehealth
only when FITs adeptly leverage the technology available during
telehealth encounters (using technology) and demonstrate suc-
cessful “webside” manner (establishing “webside” interactions).

Quantitative reports of the frequency with which themes
appeared in written comments describing areas of excellence or
improvement highlight FITs” strengths and shortcomings
(Table 3). FITs demonstrated strong skills in “webside” interac-
tions and overall SDM, excellently eliciting and incorporating
patient perspectives. However, FITs hesitated to provide their
management recommendations and leverage technology within
the telehealth platform to enhance patients’ understanding. Last,
FITs could better coordinate next steps in patient care after tele-
health encounters.

DISCUSSION

Telehealth remains a prevalent mode of delivering care to
people with rheumatic diseases, making it essential that FITs
develop telehealth skills before entering the workforce. Although
some telehealth educational resources have been created, FITs
continue to report low confidence in their telehealth skills, and no
resources yet focus on teaching the nuances of SDM during tele-
health.* Herein, we produced a module, a simulated encounter
featuring SDM during telehealth, and feedback that improves
FITs’ confidence practicing SDM during telehealth. When com-
bined with observations of patient care telehealth encounters,
the educational initiative advances FITs” general telehealth skills,
especially in tasks related to coordinating after-visit care.

Experiential learning theory underpins the success of our
intervention because it describes the progression of skills that
occurs through iterative cycles of learning, reflection, and experi-
mentation.”® We intentionally designed the online module and
ROSCE encounter to incorporate this cycle. FITs first learned
about general telehealth skills and the nuanced characteristics of
SDM during telehealth through the online module. They then had
the opportunity to reflect on how to implement these skills before
participating in a simulated telehealth encounter featuring SDM
and receiving feedback. The pre-and post-intervention patient
care telehealth observations provided additional opportunities for
FITs to learn, reflect on feedback, incorporate recommendations
for improvement, and implement adjusted methods. Interestingly,
FITs® skills most strikingly improved in pre-to-post-intervention
and ROSCE-to-post-intervention comparisons but not between
pre-intervention and ROSCE observations. This finding likely
reflects the importance of iterative practice cycles for skill devel-
opment, as emphasized in experiential learning theory.

The qualitative analysis of written feedback informs future
educational efforts. Thematic analysis collectively reflects estab-
lished descriptions of successful SDM during telehealth, identify-
ing areas of strength and future improvement that exist
throughout the process of SDM.® Frequency analysis of themes
and subcodes further describes FITs’ telehealth skill development
to celebrate FITs’ achievement of establishing “webside” manner
and eliciting patient preferences. Moving forward, rheumatology
educators may focus future telehealth instruction on the skills
most often marked for improvement, namely features of SDM that
patients request of their providers,® including coordinating after-
visit details, using features within the telehealth platform to
enhance patient education, and sharing their management
recommendations.
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Table 3. Frequency of comments submitted as areas of excellence and improvement for each theme and code with illustrative quotes describ-

ing FITs SDM and TH skills*

“Area of “Area of
excellence” improvement”
Theme Codes code count  code count lllustrative quotes
Building foundations for Communication strategies 34 14 (+) “Did an excellent job of explaining the graphic
shared decision-making to enhance from the paper at each step and doing check-
patient understanding ins to make sure | wasn't lost. Was very

Sharing information 79 28 prepared to explain and share limitations of the

Clinical assessment 7 5 data as it related to me as well”

Physical examination 20 56 (=) “Consider chunking and taking a pause after
sharing a lot of info (especially when it pertains
to a study) to make sure the patient is still with
you and following you.”

Practicing shared Patient perspective 112 16 (+) “Of note, | think he struck an excellent balance
decision-making Provider recommendation 70 23 between making sure my preferences were

Adapting SDM to TH 36 30 respected but also being very clear on what he
felt was medically indicated based on the data.”

() “The patient would have preferred a more
direct recommendation when the patient asked
for one, rather than re-hashing the data that
was discussed earlier.”

Coordinating next steps After-visit tasks 12 6 (+) “After patient prompting, did a great job with

Coordination of next visit 49 48 laying out explicit instructions for further
contact ‘Stay on the call and Il have my MA
come in to directly schedule you.””

(=) “Would be helpful to explicitly lay out
expectations and details on further follow-up
(timing, type of visit, who to communicate
with—schedulers, MA/nurses—for different
types of tasks)”

Using technology Naming the limitations of TH 9 15 (+) “He started off with making sure both mine

Technology 29 21 and his zoom were working and let me know

Technology problem solving 13 13 what to do in case the call gets dropped.”

(=) “Could be helpful to more explicitly lay out the
AV quality and visit encounter setting—making
sure they could hear you, were comfortable
with the technology and setting, etc.”

Establishing “Webside” manner 61 14 (+) “Very conversational approach. Highly effective
“webside” interactions ~ TH communication skills 31 23 at using reflective listening and verifying

understanding of my concerns multiple times.”
(=) “At times speaks over patient, especially at the
end of sentences, cutting short patient’s input.”

* AV, audio visual; FIT, fellow-in-training; MA, medical assistant; SDM, shared decision-making; TH, telehealth.

We employed rigorous evaluation metrics in our study’s
design. Medical education initiatives, including those focused on
teaching SDM, often report low-level outcomes of learners’ satis-
faction and confidence scores.' "2 Feasibility directs these evalu-
ations because of the challenges associated with researching
skills in unpredictable patient care environments. Our primary
aim measured FITs’ change in confidence conducting SDM dur-
ing telehealth, and we expanded our secondary aim to detect
changes in general telehealth and SDM skills to demonstrate our
initiative’s potential effect on patient care.

General telehealth skills improved during the study, although
skills specific to SDM during telehealth remained unchanged,
highlighting a shortcoming in our study design. Patient care tele-
health encounters were selected for pre- and post-intervention
observations based on ease of scheduling rather than their focus

on SDM, recognizing that outcomes might underrepresent SDM
during telehealth skills. Telehealth encounters incorporate
SDM to varying degrees, resulting in differential opportunities for
FITs to demonstrate and develop their skills. Reassuringly, FITs
reported improved confidence conducting SDM during telehealth
with intentions to apply what they learned to clinical encounters,
demonstrating the benefit and achievement of the study’s
primary aim.

The RTFF’s design also may have underdetected changes in
skills pertinent for sharing decisions during telehealth. SDM uses
multiple telehealth skills, including professionalism, communica-
tion and “webside” manner, obtaining physical examination and
objective data, and coordinating post-visit details.® Therefore,
the RTFF section dedicated to SDM during telehealth underrepre-
sents the totality of the SDM skill set, decreasing sensitivity for
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measuring change. Improvement in FITs’ general telehealth skills
after our educational intervention, including components of “web-
side” manner, physical examination, and visit coordination that
contribute to SDM, may indicate that FITs are better equipped to
share decisions during telehealth after completing our educational
intervention despite the lack of statistical significance.

Other limitations of our study include the smaller number of
FITs who completed pre- and post-intervention observations,
which reduced the power of our statistical analysis and empha-
sized comments from the ROSCE over patient care telehealth
encounters during our qualitative analysis. Observation during
simulated and patient care encounters precludes blinding asses-
sors to FITs’ identities, which may introduce bias into assessment
data. Last, FITs experienced technical difficulties completing the
post-ROSCE survey, decreasing the response rate. We suspect
this only marginally affected survey results, given our response
rate of 81% exceeds survey standards.

Strengths of our study include the large number and diversity
of participants who completed the module and simulated tele-
health encounter. This substantial sample size from eight rheuma-
tology fellowship training programs representing three+ years of
fellowship training enhances the generalizability and trustworthi-
ness of our conclusions. Additionally, our procedures, namely
using the RTFF, which has strong validity evidence,® and training
patient actors and faculty scorers, supported the standardization
and reliability of ROSCE results.

People with rheumatic diseases continue to use telehealth,
and FITs must develop skills to deliver telehealth care as new
entrants into the rheumatology workforce. Additionally, patients
and providers with expertise in telehealth recommend FITs
undergo specific training in the nuances of SDM during telehealth
to enhance patient-centered care delivered to people with rheu-
matic diseases.® Our study is the first to create an online module
and simulated telehealth encounter that emphasizes the nuanced
skills of SDM during telehealth and incorporates these materials
into iterative cycles of learning, reflection, and experimentation
while demonstrating their effect on FITs* skills implemented dur-
ing patient care telehealth encounters. This approach to tele-
health education promises to enhance FITs’ development and
prepare them to optimally deliver telehealth care and share deci-
sions, expanding access to and delivery of patient-centered care
among people with rheumatic diseases.
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Disabilities and Generative Artificial Intelligence Education
in Rheumatology Fellowship: Educational Module and
Simulation Exercise
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Objective. People with rheumatic and musculoskeletal diseases (RMDs) can acquire disabilities that affect their
participation in work and school. Generative artificial intelligence (genAl) may reduce documentation time, providing
a tool for providers to efficiently write letters for accommodation and maximally advocate for people with disabilities.
Therefore, fellows-in-training (FITs) must develop skills in disability advocacy and genAl for clinical care. We created
an online module and simulation activity in which FITs wrote letters for accommodation using genAl. We aimed to
improve FITs’ confidence implementing these skills and to identify areas needing further instruction.

Methods. FITs completed an online module and simulation activity engineering genAl prompts for letters for
accommodation. Educators scored FITs’ skills against a rubric. FITs measured their confidence conducting these skills
in retrospective pre-post Likert scales that we compared with Wilcoxon signed rank tests.

Results. Twenty-three FITs participated; 18 FITs (78.6%) completed the Likert scales. On average, FITs scored
83.83% against the rubric. The strongest skill was engineering genAl prompts (95.45%), and the lowest was differenti-
ating the scope of practice between rheumatology providers and disabilities professionals coordinating accommoda-
tions (74.55%). FITs’ confidence significantly improved across all objectives, most notably in engineering genAl
prompts and finalizing letters drafted with genAl (P < 0.0001).

Conclusion. Our educational materials teach FITs to incorporate genAl into writing letters for accommodation and
addressing disparities from medical disabilities. Such skill development prepares FITs to enter the rheumatology work-
force confident in their abilities to integrate genAl into clinical activities and deliver care to people with disabilities
from RMDs.
INTRODUCTION Medical Education’s (ACGME) systems-based practice mile-
stones expect rheumatology fellows-in-training (FITs) to develop
advocacy skills,® yet curricula, especially in graduate medical edu-
cation (GME), routinely lack disabilities education.* In searching
MedEdPORTAL, only two publications delivered disabilities edu-
cation to GME trainees, teaching neurology residents adaptations
to the physical examination and instructing pediatrics residents
how to navigate special education for children.®® No educational

Rheumatic and musculoskeletal diseases (RMDs) can affect
how people engage in daily activities." Rheumatology providers
advocate for individuals with disabilities and write letters for
accommodation that remove barriers to access, create equal
opportunity for engagement, and maximize patients’ participation
at work and school.? The Accreditation Council for Graduate
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SIGNIFICANCE & INNOVATIONS

+ Disabilities are common among people with rheu-
matic and musculoskeletal diseases (RMDs). Gener-
ative artificial  intelligence  (genAl)  helps
rheumatology providers overcome time constraints
that limit their capacity to advocate for people with
disabilities.

+ It is essential that rheumatology fellows-in-training
(FITs) develop skills in patient advocacy and using
genAl to write letters for accommodation.

+ We created an online module and simulated experi-
ence with a scoring rubric that successfully teaches
FITs how to write letters for accommodation using
genAl as well as identifies needs for future
instruction.

+ The online module and simulated experience begin
to address gaps in disabilities and genAl education
during rheumatology fellowship. Continued devel-
opment of educational materials will further
enhance FITs’ skills, preparing them as future
entrants into the workforce to optimally deliver care
to people with disabilities from RMDs.

materials were designed for GME trainees in internal medicine or
its subspecialties, including rheumatology. Without dedicated
education, providers report being unprepared to treat people with
disabilities.*

Additionally, providers are experiencing a heavy burden for
documentation,” which could limit their time for advocacy. Safe
and ethical use of generative artificial intelligence (genAl), the deep
learning models that create products resembling human-
developed content, may improve rheumatology providers’ clinical
efficiency and enhance their capacity to draft letters for accom-
modation.” The American Association of Medical Colleges fore-
casts the benefit of genAl and calls medical educators to
integrate genAl throughout curricula.® When writing this article,
only one MedEdPORTAL publication introduced the clinical appli-
cations of genAl to medical students, providing programs few
options for integrating established instructional materials into their
curricula.'° Medical educators in rheumatology must address
curricular shortcomings in genAl and disabilities advocacy and
can incorporate both topics simultaneously through teaching FITs
how to use genAl as a tool for addressing disparities from medical
disabilities in the clinical setting.

We created an online, interactive module and simulated
experience to teach FITs how to write letters for accommodation
using genAl as a form of advocacy for people with disabilities from
RMDs. Primarily, we aimed to expand FITs’ curricula to incorpo-
rate underrepresented content while improving their confidence
writing letters for accommodation using genAl. Secondarily, we
sought to identify gaps in FITs’ skills that will guide future interven-
tions in disabilities and genAl education.

METHODS

Content selection. The Midwest Mountain Rheumatology
Collective (MMRC), an educational alliance among adult rheuma-
tology fellowship training programs at Northwestern University,
University of Alabama at Birmingham, University of Colorado,
and Washington University School of Medicine (WashU Medi-
cine), hosts an annual virtual rheumatology objective structured
clinical experience (VROSCE). Medical educators representing
each MMRC program (ASA, BJ, NK, and LZ) discussed curricular
gaps, identifying content areas that benefited all programs: advo-
cating for people with disabilities from RMDs and integrating
genAl into clinical work.

Design of educational materials. A team with expertise
in disabilities, genAl, and medical education (MAS, EB, and LZ)
created an online interactive module and simulated exercise
grounded in experiential learning theory, whereby FITs learned
through cycles of activity, reflection, and implementation.’" They
developed the module with ArticulateRise 360 (https://
rheumatology.wustl.edu/fellowship-program/courses/). Learning
objectives included describing the impact of RMDs on people’s
ability to participate in work and school, describing rheumatology
providers’ role in supporting disability accommodations, generat-
ing prompts for drafting medical letters using genAl, and revising
Al-generated letters for accuracy. The module design incorpo-
rated experiential learning theory, delivering factual content along-
side exercises prompting conceptualization into FITs’ practice.
For instance, the module began with a video that defines disabili-
ties among people with RMDs and reviews the components of let-
ters for accommodation. Then FITs critiqued example letters. In
the second half, FITs learned about Al applications in rheumatol-
ogy and how to engineer genAl prompts with the “Task, Impact,
and Instruction” framework before practicing drafting a medical
letter using Doximity GPT, finalizing it with the EVERY framework,
and checking their work against an answer key.'?'® The module
incorporated Doximity GPT because it complies with the Health
Insurance Portability and Accountability Act and is available with
a free account.

The team (SGC, MAS, EB, and LZ) designed a simulation
exercise featuring Ami, a 20-year-old woman with polyarticular
juvenile idiopathic arthritis who encounters challenges in college
because of disabilities from her diagnosis. A two-minute video of
Ami describing her disabilities and requesting a letter for accom-
modation started the exercise (https://www.youtube.com/
watch?v=RnJKKtYoQIO). FITs then followed prompts, describing
their role in Ami’s application for accommodations, engineering a
genAl prompt to draft the letter, and producing and finalizing a let-
ter with Doximity GPT (Supplement 1).

We created a rubric that scored fellows’ achievement of the
module’s learning objectives in five components: (1) describing
rheumatology providers’ scope of practice in disability


https://rheumatology.wustl.edu/fellowship-program/courses/
https://rheumatology.wustl.edu/fellowship-program/courses/
https://www.youtube.com/watch?v=RnJKKtYoQI0
https://www.youtube.com/watch?v=RnJKKtYoQI0

TEACHING DISABILITIES AND ARTIFICIAL INTELLIGENCE IN RHEUMATOLOGY FELLOWSHIP 901

accommodations, (2) engineering a prompt for genAl, (3) introduc-
ing the provider, (4) describing the disability, and (5) finalizing the
letter (Supplement 1). The rubric used entrustment scales and
defined behaviors for each component.'® Experts in disabilities
(MAS) and genAl (EB) verified the rubric’s content. The rubric con-
cluded with space for written comments describing what was
done well and areas for improvement.

Implementation and data collection. The MMRC dis-
tributed the online module among FITs to complete independently
one week before the vVROSCE, and during the vVROSCE, FITs sub-
mitted their responses to the simulated experience prompts
through Qualtrics. Program directors (ASA, ABD, JK, and L2)
invited FITs attending the 2025 MMRC vROSCE to participate in
the study. FITs provided verbal consent at the start of the
VvROSCE for their deidentified responses to be included in data
analysis, voluntarily participating without incentive beyond educa-
tional benefit. Medical educators (ASA and LZ) scored FITs’
responses against the rubric and wrote comments describing
what FITs did well and how they could improve. These rubrics
were returned to FITs, delivering formative feedback to advance
their skills. A third team member (SGC) scored the FITs’
responses a second time against the rubric’s entrustment scales.

Following the vVROSCE, FITs provided feedback on the mod-
ule and simulation experience in an online survey (Qualtrics). On a
five-point scale (1 = very unconfident, 5 = very confident), the sur-
vey asked FITs to retrospectively rate their confidence and previ-
ous experience advocating for patients with disabilities from
RMDs via letters for accommodation and using genAl to draft
medical letters before and after completing the module and simu-
lated experience. The WashU Medicine Institutional Review Board
verified the research proceedings complied with the Declaration
of Helsinki (IRB no. 202501175).

Data analysis. Descriptive statistics summarized the
demographic characteristics of participating FITs. We determined
the intraclass correlation coefficient (ICC) for total rubric scores
using a one-way random effects model. With the medical educa-
tors’ scoring, we calculated the average total and percentage
scores earned by FITs on the overall rubric and its five compo-
nents, using percentage scores to normalize for one FIT who did
not answer all the simulated experience prompts. We compared
component percentages with chi-square analysis to determine if
fellows performed significantly better or worse on any of the five
rubric components. We determined if total score percentages
varied between first- and second-year fellows and among the four
MMRC fellowship training programs using the Mann-Whitney U
test and Kruskal-Wallis test, respectively. The Wilcoxon signed
rank test compared FITs’ confidence levels before and after com-
pleting the module and simulated experience, and descriptive sta-
tistics were used to analyze FITs’ feedback on the educational
materials. We used SPSS for statistical analyses.

We conducted qualitative content analysis of the written com-
ments submitted on rubrics to generate themes reflecting FITS’
strengths and areas for improvement.'® Team members (SGC and
LZ) inductively analyzed each written comment together, labeling
and defining codes, organizing themes, and discussing discrepan-
cies at the time of review. We reviewed the comments twice, once
to generate the codes and then to verify coding. We used Microsoft
Excel to track our analysis and calculated the frequency each code
described areas of excellence or improvement.

RESULTS

Twenty-three fellows, specifically 11 first-year (47.8%) and
12 second-year fellows (52.2%), from all four MMRC fellowship
training programs participated in the simulated experience. The
ICC between rubric scores was 0.849 (P < 0.0001), demonstrat-
ing strong interrater reliability.

Based on the medical educators’ scoring, FITs on average
earned 83.8% of the total rubric points. No significant differences
in total score percentages emerged between first- and second-
year fellows (P = 0.162) or among the fellowship training pro-
grams (P = 0.868). FITs scored highest on engineering genAl
prompts (95.5%) and lowest on defining rheumatology providers’
scope of practice advocating for accommodations (74.6%;
Table 1), though performance across the five components was
statistically similar (P = 0.645).

Quialitative analysis highlighted FITs’ areas of excellence and
improvement, contextualizing rubric scores. Defined themes
depict the requisite steps to write an effective letter of accommo-
dation using genAl (Figure 1). Supplement 2 presents illustrative
quotes and the frequency with which each code designated an
area of excellence or improvement. FITs most excelled in describ-
ing the rheumatic disease and disability. Alternatively, FITs can
improve their understanding of providers’ and universities’
scopes of practice when addressing disabilities from RMDs as
well as revising medical letters drafted with genAl.

Eighteen FITs (78.6%) completed the evaluation survey. FITs’
confidence improved across all objectives, most notably for engi-
neering genAl prompts and finalizing medical letters written with
genAl (r = 0.827 and 0.833, respectively; Table 2). Twelve FITs
(66.7%) encountered disabilities incurred from RMDs five or more

Table 1. Rheumatology fellows-in-training percentage total and
component scores on the simulated experience rubric*

a

Metric of performance n Mean percentage score + SD

Total score 23 83.83 £12.79
Defining scope of practice 22 7455+ 27.73
Engineering Al prompt 22 9545 + 8.58
Introducing the provider 23 86.09 £ 14.06
Describing the disability 23 87.83 £18.82
Finalizing the letter 23 82.61+£1541

* Al, artificial intelligence.
@ Number of fellows-in-training who responded to the prompt.
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Engineering genAl Prompts
Figure 1. Thematic representation of the process writing letters for accommodation using genAl. When writing letters for accommodation using

genAl, providers introduce themselves and their clinical relationship with the patient (introducing); clearly explain the patient’s diagnosis, treatment,
and how the condition impacts daily life (informing); and collaborate with disability professionals to align medical needs with appropriate accommo-
dations (collaborating). These elements are conveyed through well-crafted genAl prompts to ensure the drafted letter of accommodation reflects
appropriate tone, structure, and purpose (engineering). Finally, rheumatology providers must edit Al-generated drafts to ensure accuracy (finaliz-

ing). genAl, generative artificial intelligence.

times in clinical encounters during fellowship, but most FITs (16 of
18, 88.9%) learned about disabilities incurred from RMDs four or
fewer times during fellowship. Only five FITs (27.8%) had previously
used genAl as a tool for clinical work, and most FITs (16 of
28, 88.9%) never or seldom learned about genAl as a tool for clinical
work. Seventeen FITs (94.4%) reported the module and simulated
experience were “relevant” or “very relevant,” and 14 FITs (77.8%)
said they would “likely” or “very likely” incorporate teaching points
into clinical practice. Most fellows indicated the module’s instruction
was clear and of an appropriate length (78% and 72%, respectively).

DISCUSSION

People with RMDs can face disabilities, and clinical applica-
tions of genAl intend to enhance efficiency and expand

rheumatology providers’ capacity for advocacy. In response, FITs
will benefit from entering the workforce confident in their skills to
support patients’ needs, including using genAl to write letters for
accommodation. This study presents the first published
approach for teaching and assessing these skills while demon-
strating the need for additional instruction regarding disabilities
from RMDs and genAl for patient care.

Medical educators design rheumatology curricula that pre-
pare FITs for delivering compassionate, up-to-date care. In our
survey, a substantial number of FITs reported minimal-to-no pre-
vious instruction or experience delivering care to people with dis-
abilites from RMDs or applying genAl clinically, underscoring
shortcomings in curricula. Disabilities education expands FITs’
awareness of the lived experiences of people with limitations from
RMDs and of the nuances to patient care in, for example, medical

Table 2. Retrospective change in confidence writing letters for accommodation and using generative Al after com-

pleting an online module and simulated experience*

Before activity, After activity,
Objective mean + SD mean +SD  Zstatistic  Pvalue  Effect size (r)
Defining provider's scope of practice 3.56 £0.89 444 +0.56 3.025 0.002 0.713
Describing impact of disabilities 3.61+0.96 4.28 +0.50 2.652 0.008 0.625
Engineering Al prompts 3.06 +0.91 433+0.58 3.508 <0.0001 0.827
Finalizing medical letters written with Al 3.22 +0.63 439 +0.59 3.535 <0.0001 0.833

* Confidence based on five-point Likert scale: 1 = very unconfident; 5 = very confident. Al, artificial intelligence.
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documentation regarding disabilities, to best prepare them for
independent practice. A lack of disabilities education may result
in underdeveloped skills and lower success rates among FITs
advocating for people with disabilities from RMDs.* Similarly, a
failure to teach genAl’s clinical applications could disadvantage
FITs who enter the workforce unprepared to use the technology,
possibly positioning them to apply genAl without safety and ethi-
cal guardrails. genAl is developing rapidly,” and the longer medi-
cal educators delay integrating genAl into curricula, the more
challenging it can become for FITs to develop skills using genAl
upon entering independent practice. The module and simulated
experience address these concerns, introducing FITs to the advo-
cacy of people with disabilities from RMDs and clinical applica-
tions of genAl.

Our educational materials innovate instruction in the ACGME
competency of systems-based practice or skills for navigating
health care and other intersecting systems while also advocating
for people with RMDs. Traditionally, systems-based practice is
challenging to instruct and assess, leaving medical educators
looking to supplement content in rheumatology curricula.’® The
module and simulated exercise simultaneously incorporate sys-
tem navigation for patient-centered care and rheumatology pro-
viders’ role in health care systems. In publishing our work, we
share didactic and formative feedback materials that meet educa-
tional needs.*

Rheumatology fellowship training programs beyond the
MMRC can use our educational materials easily. Infused with
the knowledge of experts in medical disabilities and genAl, the
materials can be used without requiring local expertise. The online
module and simulated exercise materials are free and feature
resources that any FIT may access. We used an online survey
platform to collect FITs’ responses during the simulation exercise,
and educators could modify these methods to match their
resources.

The educational materials may provide benefit beyond their ini-
tial design. Although we created them for adult rheumatology FITs,
they may enhance the training of pediatric rheumatology FITs
because the simulated experience features a college-age young
adult whose characteristics are within the scope of pediatric care.
Furthermore, we initially sought to design a scoring rubric that deliv-
ered formative feedback to enhance FITs’ skill development. The
rubric’s strong validity evidence indicates it may be useful for obser-
vations during patient care and/or summative assessment in overall
evaluation of skills.

The data obtained from scoring rubrics and FITs® survey
responses highlight areas of future focus in disabilities and genAl
education. Disparities between clinical exposure and didactic
instruction combined with variable training exposures among
MMRC FITs may explain the wide standard deviations in FITs’
rubric performance and further emphasize the need for integrating
disabilities and genAl education consistently into rheumatology
curricula overall. Qualitative analysis of written comments

identified skills in need of further development, specifically defin-
ing scope of practice for providers and disabilities professionals
designing accommodations and editing medical letters drafted
with genAl. These findings can direct future educational initiatives
toward the skills in greatest need of improverment.

Weaknesses of our study include a sample size of 23 FITs,
which may limit the generalizability of our educational materials’
success for future disabilities and genAl teaching. The sample
size also may explain FITs’ statistically similar skill level among
the five scoring rubric components, with areas for improvement
emerging more clearly in qualitative data. Additionally, the focus
on disabilities and genAl education came from a regional needs
assessment among the MMRC, which may not reflect FITs’
needs elsewhere. Furthermore, our evaluation metrics measure
simulated rather than patient care data to standardize and
streamline data collection. Lastly, potential confirmation bias
may have been introduced because a researcher both generated
and analyzed qualitative comments; a second researcher partici-
pated in qualitative analysis to limit biasing the results.

We also identify the strengths of our study. We grounded the
development of the online module and simulated experience in
experiential learning theory to optimize FITs* skill development,
included experts in disabilities and genAl to reinforce content
validity, and applied best practices in assessment to create a reli-
able scoring rubric.™*1""® We measured FITs’ skills during simu-
lation, which is a more meaningful metric than satisfaction alone,
and we incorporated qualitative analysis into our evaluation plan,
further investigating suggestive trends in quantitative data. Lastly,
multiple rheumatology fellowship training programs are repre-
sented in our data, enhancing generalizability of our findings in
the setting of a sample size of 23 participants.

Rheumatology fellowship curricula underrepresent instruc-
tion in disabilities and using genAl for clinical tasks. These short-
comings can leave providers ill prepared to deliver care to
people with disabilities from RMDs. When medical educators
adapt their curricula and instructional methods to incorporate
these topics, they prepare FITs to safely use genAl and to expand
their capacity for addressing disparities from medical disabilities.
In doing so, FITs will enter the rheumatology workforce confident
to advocate for and optimize the care of people with RMDs.
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Validation of the Pediatric Arthritis Ultrasound Scoring
System for the Elbow, Wrist, and Finger Joints in Children
With Juvenile Idiopathic Arthritis

Patricia Vega-Fernandez, * Pinar Ozge Avar-Aydin,
Alexei Grom, Hermine I. Brunner, 2 Grant S. Schulert,
Arthur B. Meyers, "= and Tracy V. Ting

Kelly Rogers, Daniel J. Lovell,
Sheila T. Angeles-Han,

Jennifer Huggins,
Mekibib Altaye, Amy Cassedy,

Objective. We aimed to validate the Pediatric Arthritis Ultrasound Scoring System (PAUSS) for upper extremity
joints in children with juvenile idiopathic arthritis (JIA).

Methods. Children with JIA were evaluated for elbow, wrist, or finger arthritis by clinical examination (CE) and mus-
culoskeletal ultrasound (MSUS) with images scored according to the joint-specific PAUSS. A subset of children
received contrast-enhanced magnetic resonance imaging (ceMRI) of the affected joint(s). The performance of the
PAUSS as a measure of arthritis activity was compared to CE and ceMRI, using ceMRI as the reference standard.

Results. Seventy-five children contributed 44 elbows, 55 wrists, and 106 fingers for MSUS and 15 elbows,
16 wrists, and 40 fingers for ceMRI. B-mode PAUSS scores for the finger joints demonstrated moderate correlations
with CE findings of arthritis, and the PAUSS-elbow noted a strong correlation. PAUSS scores for all joints showed a
sensitivity of 75% to 94% in detecting synovitis when compared to ceMRI and good to excellent diagnostic accuracy
for elbow and finger arthritis. The addition of MSUS to CE markedly improved the sensitivity of CE to 92% to 100%. The
PAUSS and ceMRI scores for assessment of disease severity had strong correlation for each specific joint (r = 0.65-
0.84, P < 0.005).

Conclusion. There is moderate to high sensitivity and diagnostic accuracy of the PAUSS in detecting synovitis in
elbow, wrist, and finger joints, as well as a strong correlation of the PAUSS severity scores with the ceMRI severity
scores, providing strong support that the PAUSS enhances the clinical assessment of disease activity in children

with JIA.
INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic
arthritis of childhood, characterized by joint inflammation that may
lead to permanent damage if not treated quickly and effectively.’
In JIA, active inflamed joints are clinically appreciated by the pres-
ence of joint swelling, warmth, tenderness, and limited range of
motion (LROM) as determined by expert providers. Clinical exami-
nation (CE) of arthritis and physician and patient global assess-
ments of disease activity are key determining factors of JIA
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disease activity and treatment decisions.? However, the lack of
standardization on the measurement of these factors results in
low reliability among providers and patients, which over time may
lead to an invalid assessment of JIA disease activity and burden.>#
Additionally, joint involvement patterns at diagnosis and during the
disease course have been associated with prediction of disease
trajectories and treatment decisions, making accurate detection of
the joints with inflammation critical in tailoring treatments.®
Imaging, most specifically magnetic resonance imaging
(MRI) and musculoskeletal ultrasound (MSUS), are recognized
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SIGNIFICANCE & INNOVATIONS

+ The joint-specific Pediatric Arthritis Ultrasound
Scoring System (PAUSS) demonstrated good to
excellent sensitivity in detecting active synovitis in
the elbow, wrist, and finger joints when using
contrast-enhanced magnetic resonance imaging
(ceMRI) as the reference standard.

+ The PAUSS B-mode scores were highly correlated
with the ceMRI scores for the assessment of elbow,
wrist, and finger disease severity.

+ The PAUSS showed excellent diagnostic accuracy
for detection of wrist and finger tenosynovitis.

+ This study demonstrates that the PAUSS improves
the accuracy of clinical assessment for the detection
of elbow, wrist, and finger arthritis in children with
juvenile arthritis.

complementary tools to the clinical assessment in diagnosing and
managing children with JIA.® Contrast-enhanced MRI (ceMR) is
acknowledged as the “reference standard” imaging modality in
JIA, given its high sensitivity and specificity in the detailed evalua-
tion of joint effusion, synovial hypertrophy, synovial hyperen-
hancement, bone marrow edema, osteitis, erosions, and
inflammation in surrounding tissues.” Nevertheless, ceMRI has
several shortcomings, primarily related to relatively high cost, lim-
ited availability, need for intravenous contrast and sedation, and
low patient tolerance especially in younger children, which detract
it from being the optimal choice for monitoring JIA.2 MSUS objec-
tively evaluates synovial hypertrophy, synovial effusion, tenosyno-
vitis, and enthesitis with an ability to detect increased vascularity
by power Doppler (PD) imaging.® Standardization of MSUS use
in JIA has significantly progressed in recent years, including deter-
mination of normative references for age- and sex-related
findings'®"® and MSUS definitions of joint pathologies.'* '8
MSUS offers many advantages, including real-time dynamic
examination of multiple joints at the bedside, noninvasiveness,
and a child-friendly examination. '

Pediatric joint-specific MSUS image acquisition and scoring
systems in JIA have recently been proposed.?°2? Among these,
the Pediatric Arthritis Ultrasound Scoring System (PAUSS) pro-
posed by the Childhood Arthritis and Rheumatology Research
Alliance MSUS workgroup demonstrated excellent reliability for
the elbow, wrist, and finger joints among pediatric rheumatology
providers with different levels of MSUS expertise.?® Furthermore,
the elbow, wrist, and finger joints have been included among the
targeted joints in different abbreviated MSUS protocols that aim
to assess disease activity by scanning a reduced number of
joints.?%2* However, the validation of the MSUS as a measure
of disease activity in these joints is lacking in JIA.

The aim of this cross-sectional study was two-fold. The first
was to examine the performance of the PAUSS for the detection

of synovitis in the elbow, wrist, and finger joints compared to CE
and ceMRI while using ceMRI as the reference standard. Second,
we aimed to assess the relationship between the severity of the
findings on the joint-specific PAUSS and ceMRI.

METHODS

Study design and participants. This observational
cross-sectional study recruited children with a diagnosis of JIA
as per the International League of Associations for Rheumatology
criteria from the outpatient Rheumatology Clinics at Cincinnati
Children’s Hospital Medical Center (CCHMC) between June
2020 and June 2024.2° The inclusion criteria were (1) current
age between 2 and 18 years and (2) the presence of either
physician-reported arthritis and/or patient-reported pain or stiff-
ness in the elbow, wrist, or finger joints. The exclusion criteria
were (1) intra-articular glucocorticoid injection of the affected joint
within four weeks and (2) intolerance to MSUS. The study was
approved by the Institutional Review Board of the CCHMC
(approval number: 2018-7939). All participants and their legal
guardians gave written informed consent before any study proce-
dures. All study procedures were completed on the same day.

Clinical assessment. Participants received a standard CE
of the target joint(s) by the treating pediatric rheumatologist before
imaging was obtained. Demographic data, disease characteris-
tics, clinical findings, physician global assessment of disease
activity (range: 0: inactive to 10: very active disease), and current
medications were recorded from electronic medical charts. Clini-
cally active arthritis was defined as presence of joint swelling or
the combination of joint tenderness and LROM in the target joint.

MSUS assessment. The affected elbow(s), wrist(s), and/or
fingers were examined according to a previously published
pediatric-specific MSUS scanning protocol?® by pediatric sono-
graphers with more than 10 years of experience (PVF, TVT) who
were blinded to patient’s symptoms and CE findings. General
acquisition guidelines recommended by the MSUS scanning pro-
tocols, such as presence of a layer of gel overlying the image and
dynamic examination, were considered when obtaining the
images. Dynamic MSUS examination included the evaluation of
the joint recess on its full extent (ie, medial to lateral aspect) and
with movement was performed during all scans. Still images in
B-mode and PD-mode were obtained at the area with maximum
findings of abnormality of the joint recess and/or the tendon
sheath. A General Electric (GE) US Logig S8 XDclear or a GE
LOGIC Fortis (GE HealthCare) equipped with multifrequency lin-
ear probes (6-24 MHz) was used for the MSUS examinations.

The elbow joint was evaluated by the longitudinal anterior
scan of the humeroradial joint (HRJ), the longitudinal anterior scan
of the humeroulnar joint (aHUJ), and the longitudinal posterior
scan of the HUJ (pHUJ). MSUS examination of the wrist joint
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was performed on the dorsal aspect including the longitudinal
scan of radiocarpal (RCJ) and midcarpal joints (MCJ) as well as
the transverse scan of the distal radioulnar joint (DRUJ) and wrist
extensor tendons. For finger joints, dorsal and volar aspects of
metacarpophalangeal (MCP) joint, volar aspect of proximal inter-
phalangeal (PIP) joint, and extensor and flexor tendons of the sec-
ond to fifth fingers were examined.?° The first finger (thumb) was
excluded due to its unique anatomy and given the specific techni-
cal requirements for MRI scanning.

MSUS images were deidentified and stored in a secured
research platform managed by the Imaging Research Center
(IRC) at CCHMC. Deidentified images were scored by pediatric
rheumatologist experts in MSUS (PVF, TVT) according to the
PAUSS, a semiquantitative scoring system (grade range 0-3) for
B-mode and PD-mode for the elbow, wrist, and finger joint as
indicated.?® Interrater reliability for scoring synovitis according to
the joint-specific PAUSS for these sonographers was found to
be excellent in previous studies®®?® and was reassessed in this
study. For the current study, B-mode grade O (normal) and grade
1 (mild) findings were interpreted as physiologic, and they were
assigned a score of 0, whereby grade 2 (moderate) and grade
3 (severe) B-mode findings received a score of 1 and 2, respec-
tively. For the PD-mode images, grade 1 (mild), grade 2 (moder-
ate), and grade 3 (severe) findings were interpreted as
pathologic and assigned a score of 1, 2, and 3, respectively, only
if B-mode findings were regarded as positive and PD signals were
within the synovial hypertrophy area.?® Subsequently, the severity
of the sonographic findings was calculated with the sum scores
assigned to the HRJ, aHUJ, and pHUJ for the PAUSS-elbow total
score (range for B-mode: 0-6, PD-mode: 0-9); the RCJ and
DRUJ for the PAUSS-wrist total score (range for B-mode: 0-4,
PD-mode: 0-6); and the MCP dorsal and volar aspects for the
PAUSS-MCP total score (range for B-mode: 0-4, PD-mode: 0-
6). The volar aspect of the PIP joint corresponded to the
PAUSS-PIP score (range for B-mode: 0-2, PD-mode: 0-3).
Tenosynovitis was also graded on a binary scale (1: presence, 0:
absence) according to the MSUS definitions of tenosynovitis pro-
posed for JIA. '8

MRI assessment. A nonsedated ceMRI of the affected joint
was offered as an optional study procedure to study participants.
A 3T Philips Ingenia scanner (Philips Healthcare) by an 8-channel
dStream small upper extremity coil (Philips Healthcare) was used
with the following protocol: axial T2 fat-suppressed (FS), coronal
T2 FS, sagittal T2 FS, three-dimensional multi-echo fast field echo
(sagittal plane for the elbow and finger and in coronal plane for the
wrist), and T1 FS postcontrast sequences performed in axial
plane for all joints with additional sagittal plane for the elbow and
finger and coronal plane for the wrist. MRI images were de-
identified and stored in the secured image system managed by
the IRC at CCHMC. The Outcome Measures in Rheumatology
(OMERACT) Rheumatoid Arthritis Magnetic Resonance Imaging

Scoring (RAMRIS) system, a semiquantitative scoring system,
was used for the evaluation of MRI images because it was previ-
ously used in children with JIA and identified as an acceptable tool
in the evaluation of synovitis.?® % A RAMRIS score of 0 indicated
normal findings, and scores of 1 to 3 (mild, moderate, severe)
were represented by the thirds of presumed maximum volume
of the enhancing tissue in the synovial compartment.?>2° The
synovitis was evaluated in the anterior and posterior recesses for
the elbow joint; in the area from RCJ, MCJ, and DRUJ to the sec-
ond to fifth carpometacarpal joints for the wrist joint; and in the
MCP and PIP for the finger joints. To grade the severity of
the ceMR findings, the RAMRIS-elbow (range: 0-6) was calcu-
lated by the sum of the scores assigned to the anterior and poste-
rior recesses of the elbow joint; the RAMRIS-wrist (range: 0-9)
was calculated by the scores in RCJ, MCJ, and DRUJ; the
RAMRIS-MCP score (range: 0-3) corresponded to the score in
the MCP joint; and the RAMRIS-PIP score (range: 0-3) corre-
sponded to the score in the PIP joint. Tenosynovitis in the wrist
and the finger joints, defined by peritendinous effusion and/or
postcontrast enhancement of the tendon sheath, was also evalu-
ated using a binary scale (1: presence, O: absence).®’ MRl images
were analyzed by a pediatric musculoskeletal radiologist with
more than 10 years of experience (ABM) who was blinded to the
CE and MSUS data.

Statistical analysis. Descriptive characteristics were pre-
sented by frequency (percentage) for categorical data and by
mean + SD or median (interquartile range) for continuous data.
Intraclass correlation coefficient (ICC) was used to analyze the
agreement of PAUSS MSUS scores of the two pediatric rheuma-
tologists; values greater than 0.80 indicated almost perfect agree-
ment.%? For the binary physical examination, PAUSS abnormal,
and MRI abnormal variables, repeated measures logistic regres-
sion was conducted to assess the associations. Each model
was fit separately using participant identifier as the clustering var-
iable. Odds ratios, area under the curve, and corresponding 95%
confidence intervals (Cls) are reported. To evaluate the associa-
tion between physical examination findings and PAUSS severity
scores as continuous variables, we computed Spearman’s rank
correlation coefficient using participant-level summaries. This
approach preserves the rank-based nature of Spearman’s corre-
lation while addressing the repeated measures structure of the
data with the correlations well as the corresponding 95% ClI
reported. Subclinical synovitis was defined as presence of moder-
ate to severe findings of synovitis on MSUS but with normal CE
findings. The strength of correlation was evaluated as follows:
very weak (0.0-0.19), weak (0.2-0.39), moderate (0.4-0.59),
strong (0.6-0.79), or very strong (0.8-1.0).%% In addition, sensitiv-
ity and specificity values were reported. The diagnostic accuracy
of CE and MSUS against ceMRI was calculated by an area under
the receiver operating characteristic curve (AUC). An AUC below
0.5 defines no discrimination, 0.7 to 0.8 is defined as good, 0.8
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to 0.9 is defined as excellent, and greater than 0.9 is defined as
outstanding.* The specificity and AUC could not be calculated if
one group had a sample size of 0. Discrepancies between MSUS
and MRI findings were reviewed by the study team after initial data
analysis was completed. The SAS 9.4 was used for statistical
analyses and statistical significance was accepted when two-
sided testing resulted in P < 0.05.

RESULTS

Patient characteristics. A total of 24, 29, and 22 children
participated in the validation of the PAUSS-elbow, wrist, and fin-
ger study, respectively. Overall, rheumatoid factor—negative poly-
arthritis was the most common subtype of JIA, and all patients
were receiving pharmacologic therapy for JIA. Patient character-
istics in validation studies per joint are presented in Table 1.

MSUS and CE of arthritis. A total of 44 elbows, 55 wrists,
and 106 fingers were included in the association analysis between
MSUS and CE. The PAUSS scores for each joint had excellent
interrater reliability (ICC > 0.80). Due to the low frequency of PD
positivity in our study sample, only B-mode data were included
in the analysis.

The association between PAUSS and CE findings is shown
in Table 2. Although 36% (n = 16), 38% (n = 21), 20% (n = 21),

and 45% (n = 44) of the elbow, wrist, MCP, and PIP joints were
found to be positive for active arthritis by CE, 55% (n = 24), 60%
(n=33), 25% (n = 26), and 40% (n = 39) of these joints were pos-
itive for synovitis on MSUS, respectively. Subclinical synovitis as
defined by MSUS was found in 36% of the elbow joints, 47% of
the wrist joints, 20% of the MCP joints, and 28% of the PIP joints
scanned. The highest association for MSUS synovitis in the pres-
ence of clinically active arthritis was observed for the elbow joint
(odds ratio = 11.5; P = 0.021). The PAUSS B-mode scores dem-
onstrated moderate significant correlations with CE of arthritis for
the MCP and PIP joints (- = 0.43; P = 0.039 and r = 0.59;
P = 0.004, respectively), strong significant correlation (r = 0.75;
P < 0.001) for the elbow joint, and no correlation for the wrist joint.

MSUS, CE, and ceMRI assessment of arthritis. A total
of 15 ceMRI studies for the elbow, 16 for the wrist, and 10 for
the hands (40 fingers, including 39 MCP and 40 PIP joints) along
with their corresponding CE and MSUS data were included for
these analyses. ceMRI was found to be positive for synovitis in
66.7% (n = 11) of the elbows, 100% (n = 16) of the wrists, 31%
(n = 12) of the MCP joints, and 47.5% (n = 19) of the PIP joints
included in the study.

Test characteristics of the PAUSS scores and CE when
compared to ceMRI as the reference standard are presented in
Table 3. Overall, the sensitivity and diagnostic accuracy of the

Table 1. Details on patient disease involvement characteristics per joint*

Elbow (n=24) Wrist(n=29) Finger (n =22)

Total number of joints in the study
Age, mean £SDy
Age at diagnosis, median (IQR), y
Disease duration, median (IQR), y
Sex, n (%)
Female
Male
JIA subtype, n (%)
Oligoarticular JIA, persistent
Oligoarticular JIA, extended
Polyarticular JIA, RF negative
Polyarticular JIA, RF positive
Psoriatic arthritis
Enthesitis related arthritis
Systemic JIA
Undifferentiated JIA

Physician global assessment of disease activity,” median (IQR)

Treatment, n (%)

No

YesP
NSAIDs
Conventional DMARDs
Biologic DMARDs
Oral glucocorticoid
Intravenous glucocorticoid

44 55 106
137 £43 13.0£3.5 13.1 £ 4.1
7.7 (4.2-12.4) 7 (4-12) 14.4(9.2-15.4)
45(0.7-7.6)  32(1.8-52)  25(0.7-8.4)
17 (70.8) 24(82.8) 16 (72.7)
7(29.2) 5(17.2) 6(27.3)
3(12.5) 3(10.3) 2(9.1)
1(4.2) 3(10.3) 2(9.1)
12 (50.0) 12 (41.4) 11 (50.0)
2(83) 5(17.2) 3(13.6)
3(12.5) 3(10.3) 1 (4.5)
1(4.2) 0(0) 0(0)
1(4.2) 2(6.9) 0(0)
1(4.2) 1(3.5) 3(13.6)
2.0 (1.4-3.0) 15(0-2) 1.5(0.5-2.0)
0(0) 0(0) 0(0)
16 (66.7) 21 (72.4) 16 (72.7)
16 (66.7) 18 (62.1) 14 (63.6)
15 (62.5) 26(89.7) 10 (45.5)
10 (41.7) 11 (37.9) 9 (40.9)
1(4.2) 0(0) 0(0)

* DMARD, disease-modifying antirheumatic drug; IQR, interquartile range; JIA, juvenile idiopathic arthritis; NSAID,
nonsteroidal anti-inflammatory drug; RF, rheumatoid factor.
@ Physician global assessment of disease activity ranges from 0 (inactive disease) to 10 (very active disease).

P List is not mutually exclusive.
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Table 2. Association between MSUS findings and CE of arthritis in elbow, wrist, and finger joints*

CE

MSUS?

Negative for active
arthritis, n (%)

Positive for active

Odds ratio®

arthritis, n (%) (95% Cl); P value

Elbow, n (%)

Negative for synovitis 18 (64.3) 2(12.5) 11.5(1.5-86.9); 0.021
Positive for synovitis 10 (35.7) 14 (87.5)

Wrist, n (%)
Negative for synovitis 18 (52.9 4(19.1) 4.52 (1.1-18.9); 0.040
Positive for synovitis 16 (47.1) 17 (80.9)

MCP joint, n (%)
Negative for synovitis 68 (80.0) 12 (57.1) 3.10(0.76-12.6); 0.113
Positive for synovitis 17 (20.0 9(42.9)

PIP joint, n (%)
Negative for synovitis 3 2.2) 20 (45.5) 1.61 (0.47-5.5); 0.443
Positive for synovitis 15 (27.8) 24 (54.5)

PAUSS®
PAUSS-elbow total B-mode score, median (IQR) 0(0-1) 3(3-3) 0.75(0.51-0.88); <0.001
PAUSS-wrist total B-mode score, median (IQR) 0(0-1) 1(1-2) 0.25(-0.11 to 0.56); 0.170
PAUSS-MCP B-mode score, median (IQR) 0 (0-0) 0(0-3) 0.43 (0.02-0.72); 0.039
PAUSS-PIP B-mode score, median (IQR) 0 (0-0) 1(0-2) 0.59 (0.21-0.81); 0.004

* CE, clinical examination; Cl, confidence interval; MCP, metacarpophalangeal; MSUS, musculoskeletal ultrasound; IQR,
interquartile range; PAUSS, Pediatric Arthritis Ultrasound Scoring System; PIP, proximal interphalangeal.

@ Positive MSUS findings are defined by B-mode grades 2 or 3.
b For PAUSS scores, values are given as correlation (95% CI).

¢ Strength of the correlation calculated using Point-Biserial correlations as follows: very weak: 0.0-0.19, weak: 0.2-0.39,

moderate 0.4-0.59, strong 0.6-0.79, very strong 0.8-1.0.

Table 3. Test characteristics of CE and MSUS assessments for findings of arthritis in eloow, wrist, and finger joints as determined by ceMRI*

ceMRI

Negative for

Positive for

Sensitivity (95% Cl),

synovitis, n (%)  synovitis, n (%) specificity (95% Cl) AUC (95% Cl)
Elbow
Negative for CE of arthritis 3(75.0) 3(30.0) 0.70(0.35-0.93), 0.75(0.19-0.99)  0.72 (0.44-1.00)
Positive for CE of arthritis 1(25.0) 7 (70.0)
Negative for MSUS synovitis 3(75.0) 1(9.0) 0.90(0.56-1.00), 0.75(0.19-0.99)  0.82 (0.56-1.00)
Positive for MSUS synovitis® 1(25.0) 9(90.0)
Negative for CE of arthritis and/or MSUS synovitis 2 (50.0) 0(0.0) 1.00 (1.00-1.00), 0.50 (0.07-0.93) 0.75(0.47-1.00)
Positive for CE of arthritis and/or MSUS synovitis 2 (50.0) 10 (100)
Wrist
Negative for CE of arthritis 0(0.0) 9(56.3) 0.43 (0.20-0.70) -
Positive for CE of arthritis 0(0.0) 7 (43.7) -
Negative for MSUS synovitis 0(0.0) 1(6.3) 0.94 (0.70-1.00) =
Positive for MSUS synovitis® 0(0.0) 15(93.7) -
Negative for CE of arthritis and/or MSUS synovitis 0(0.0) 1(6.3) 0.94 (0.70-1.00) -
Positive for CE of arthritis and/or MSUS synovitis 0(0.0) 15(93.7) -
MCP
Negative for CE of arthritis 22 (81.5) 6 (50.0) 0.50(0.21-0.79), 0.81 (0.61-0.94)  0.66 (0.49-0.82)
Positive for CE of arthritis 5(18.5) 6 (50.0)
Negative for MSUS synovitis 22 (81.5) 3(25.0) 0.75(0.43-0.95), 0.81 (0.62-0.94) 0.72 (0.56-0.88)
Positive for MSUS synovitis® 5(18.5) 9(75.0)
Negative for CE of arthritis and/or MSUS synovitis 19(70.4) 1(8.3) 0.92 (0.62-1.00), 0.70 (0.50-0.86)  0.75(0.61-0.89)
Positive for CE of arthritis and/or MSUS synovitis 8(29.6) 11(91.7)
PIP
Negative for CE of arthritis 15(71.4) 3(15.8) 0.84(0.60-0.97), 0.71 (0.47-0.88)  0.77 (0.64-0.91)
Positive for CE of arthritis 6 (28.6) 16 (84.2)
Negative for MSUS synovitis 17 (81.0) 2 (10.5) 0.89(0.67-0.99), 0.81 (0.58-0.94) 0.85 (0.74-0.96)
Positive for MSUS synovitis® 4(19.0) 17 (89.5)
Negative for CE of arthritis and/or MSUS synovitis 13(61.9) 0(0) 1.00 (0.82-1.00), 0.62 (0.38-0.82) 0.81 (0.71-0.86)
Positive for CE of arthritis and/or MSUS synovitis 8(38.1) 19 (100)

* AUC, area under receiver operating characteristic curve; CE, clinical examination; ceMRI, contrast-enhanced magnetic resonance imaging; Cl,
confidence interval; MCP, metacarpophalangeal; MSUS, musculoskeletal ultrasound; PIP, proximal interphalangeal.
@ Positive MSUS findings defined as B-mode grade 2 or 3.
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Figure 1. Sensitivity of CE, MSUS, and combination of CE and MSUS findings (CE and/or MSUS) for detection of arthritis in elbow, wrist, and
finger joints when compared to contrast-enhanced magnetic resonance imaging. CE, clinical examination; MCP, metacarpophalangeal; MSUS,

musculoskeletal ultrasound; PIP, proximal interphalangeal.

PAUSS scores were both higher than CE for all joints, whereas
the specificity of the PAUSS scores was found to be similar to
slightly higher than CE. The PAUSS scores for elbow, MCP, and
PIP joints demonstrated good to excellent diagnostic accuracy
for synovitis when using ceMRI as the reference standard. Fur-
thermore, when PAUSS scores and CE were used in conjunction,
the sensitivity to detect arthritis markedly improved to 92% to
100%, whereas the specificity decreased (Figure 1). All wrists
imaged by ceMRI were positive for the presence of synouvitis,
which precluded the evaluation of the PAUSS-wrist specificity
and diagnostic accuracy. The sensitivity and specificity of PAUSS
scores in detecting synovitis at specific anatomic joint recesses
for the elbow and wrist when compared to ceMRI, as the refer-
ence standard, are presented in Supplementary Table 1. The rea-
sons for discrepancies between MSUS and ceMRI for the
evaluation of synovitis are represented in Supplementary
Tables 2-4.

The correlation between the PAUSS and RAMRIS scores of
elbow, wrist, MCP, and PIP findings of synovitis is demonstrated
in Table 4. The PAUSS and RAMRIS scores were found to be
strongly correlated for each specific joint (r = 0.65-0.76; all P <
0.017). MSUS was found to have excellent diagnostic accuracy
for detecting tenosynovitis in the extensor tendons of the wrist
and extensor and flexor tendons of the fingers when using ceMRI
as the reference standard (Supplementary Table 5).

DISCUSSION

This study compared the PAUSS of the elbow, wrist, and fin-
ger joints against CE and ceMRI assessments in children with JIA,
providing key details on the validity of the PAUSS for these upper
extremity joints. The joint-specific PAUSS demonstrated good to

excellent diagnostic accuracy in detecting synovitis in these joints
when using ceMRI as the reference standard. In regard to the
detection of the severity of joint inflammation, the PAUSS scores
highly correlated with the RAMRIS scores. When the PAUSS
scores were added to the CE, the sensitivity and accuracy of CE
for the detection of arthritis improved. In addition, the PAUSS also
demonstrated excellent diagnostic accuracy for wrist and finger
tenosynovitis.

The elbow, wrist, and finger joints are among the most com-
mon joints involved in JIA.3° However, the determination of arthri-
tis in these joints by CE is challenging. Disagreement on the
clinical determination of arthritis in the joints, particularly in
the assessment of joint swelling and LROM, has been related to
the subjective nature of CE, mainly to clinicians’ differences in
judgment and examination technique, as well as to the severity

Table 4. Association of PAUSS B-mode and RAMRIS scores of
each specific joint*

RAMRIS score,® Spearman
correlation (95% Cl); P value®

0.74(0.34-0.91); 0.002

PAUSS-elbow (n = 14),
total B-mode score

PAUSS-wrist (n = 16),
total B-mode score

PAUSS-finger (n=11)
MCP B-mode score 0.69 (0.15-0.91); 0.017
PIP B-mode score 0.76 (0.31-0.93); 0.004

* Cl, confidence interval; MCP, metacarpophalangeal; PAUSS, Pedi-
atric Arthritis Ultrasound Scoring System; PIP, proximal interphalan-
geal; RAMRIS, rheumatoid arthritis magnetic resonance imaging
scoring.

@ The RAMRIS scores correspond to each specific joint, ie, RAMRIS-
elbow, RAMRIS-wrist, RAMRIS-MCP, and RAMRIS-PIP.

P The strength of the correlation calculated using Spearman rank
order correlations as follows: very weak: 0.0-0.19, weak: 0.2-0.39,
moderate: 0.4-0.59, strong: 0.6-0.79, very strong: 0.8-1.0.

0.65 (0.24-0.87); 0.005
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of the disease.® Subclinical synovitis has been reported to be the
highest in the MCP (44%) and PIP joints (38%) while also being
common in the elbow (33%) and wrist (22%) joints.® Interest-
ingly, in our study subclinical synovitis as defined by MSUS and
ceMRI was most commonly observed in the wrist joint when
either comparing CE findings to MSUS findings (47% of wrists
with subclinical synovitis) or to ceMRI findings (56% of wrists with
synovitis). Our study suggests that determination of eloow, wrist,
and finger involvement by CE alone underestimates JIA disease
burden and that the addition of MSUS, as an objective and stan-
dardized bedside tool, may support a more accurate determina-
tion of JIA disease activity which may result in more targeted
treatment approaches and consequently in improved outcomes
in these vulnerable patients.

Although MSUS is increasingly used in the clinical care of
adults with inflammatory arthritis, knowledge of the validity
of MSUS in pediatrics remains sparse. A recent meta-analysis in
rheumatoid arthritis (RA) found the summary estimates of sensitiv-
ity, specificity, and accuracy of MSUS against MRI as the refer-
ence to be 73%, 78%, and 81% for the wrist joint; 64%, 93%,
and 91% for the MCP joint; and 71%, 94%, and 91% for the PIP
joints, respectively.®” Similarly, Szkudlarek et al determined that
the sensitivity, specificity, and accuracy in detecting signs of
inflammation in finger joints were 70%, 78%, and 76% for MSUS
and 40%, 85%, and 72% for CE in adults with RA, when using
MR as the reference method.*® However, the validation of MSUS
in elbow involvement has been incorporated into very few studies
in RA mainly focusing on enthesitis,®® and to our knowledge, there
are no studies in JIA. Our results are consistent with adult data in
that the PAUSS for elbow, wrist, MCP, and PIP joints had higher
sensitivity in detecting synovitis without loss of specificity when
compared to CE. In addition, to the best of our knowledge, this
study provided initial results on the validity of the use of MSUS
for the assessment of elbow synovitis. Notoriously, in our study
tenosynovitis was not detected by CE but MSUS demonstrated
excellent accuracy detecting tenosynovitis over the extensor ten-
dons of the wrist and finger joints. The improved sensitivity for
the detection of arthritis in elbow, wrist, MCP, and PIP joints,
and wrist and finger tenosynovitis, as defined by ceMRI, when
adding the MSUS information to CE, emphasizes the additive
value of MSUS for the detection of inflammation in these joints to
support JIA diagnosis and disease monitoring.

Owing to the high sensitivity of ceMRI in detecting soft tissue
and joint inflammation as well as osteochondral changes and
damage, ceMRI is considered the reference standard for the
detection of synovitis.” Although pediatric-specific MRI scoring
systems for elbow, wrist, MCP and/or PIP synovitis have not been
validated, the OMERACT-RAMRIS system has been found to be
a reliable tool for assessing disease activity in JIA.*°*' To support
the use of MSUS as an accurate instrument for the assessment of
the severity of JIA disease activity, we investigated the correlation
of the PAUSS scores with the OMERACT-RAMRIS scores. The

strong correlations of the joint-specific PAUSS scores with
the RAMRIS scores detected in the elbow, wrist, MCP, and PIP
joints underpin the utility of the PAUSS as an outcome measure
of disease severity. Future larger studies investigating the correla-
tions of the joint-specific PAUSS with conventional measures of
disease activity and determination of its sensitivity to change are
necessary to support the use of MSUS as an outcome measure
in JIA.

For ethical considerations, due to invasive nature of ceMRl,
children enrolled in this study needed to have symptoms and/or
clinical findings suggestive of arthritis in the elbow, wrist, or finger
joints. This enrollment criterion may have introduced selection
bias favoring the presence of pathology. Indeed, although more
than 50% of wrist joints included in the ceMRI arm were classified
as normal by CE, all of these wrist joints were positive for synovitis
by ceMRI. This is an unforeseen limitation of our study and pre-
cludes determination of the specificity and accuracy analysis for
the PAUSS-wrist. This limitation, however, highlights the value of
MSUS and ceMRI as complementary tools to CE, as they have
the availability to specifically examine the RCJ, MCJ and DRUJ,
which is challenging to accurately assess clinically. Given variabil-
ity in the severity of synovitis findings according to ceMRl for all of
the examined joints, our study suggests that the PAUSS can
serve as a bedside objective proxy instrument to determine the
severity of disease activity. Discrepancy between MSUS and
MRI findings of synovitis are reported in adult literature.®” For our
study, the explanations for discrepancies are discussed in Sup-
plementary Tables 2-4. Borderline findings of synovitis as
determined by MSUS and/or ceMRI, as well as different posi-
tioning of the joint during the scanning sessions, were the most
common explanation for discrepancies between these two
imaging modalities. To avoid overcalling for pathology, only
grade 2 or 3 MSUS B-mode findings were classified as patho-
logic in our study. Although PD settings were carefully adjusted
for all anatomic sites, we detected a low frequency of abnormal
PD signals. However, the improved sensitivity of B-mode find-
ings over the CE findings for the detection of synovitis when
using ceMRI as reference standard suggests that PD findings
are not essential for MSUS detection of synovitis in JIA. Of
note, all participants had good tolerance to the MSUS exami-
nation, but the majority of the children who completed an
elbow ceMRI complained of significant pain during the MRI
scanning due to the positioning of the elbow joint.

The subjective nature of the clinical determination of joint
inflammation makes it desirable to have access to a more objec-
tive, accurate, noninvasive, and readily available tool to support
the medical decision-making process in JIA. This study provides
data on the sensitivity, specificity, and accuracy of the PAUSS-
elbow, -wrist, -MCP, and -PIP as an outcome measure for the
detection and severity assessment of synovitis in the elbows,
wrists, and fingers, and wrist and finger tenosynovitis in JIA. The
improved accuracy of CE, when PAUSS scores were considered,
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demonstrates that MSUS improves the determination of disease
burden and, therefore, can optimize the management of JIA.
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Sex Differences in Medication Discontinuation in
Axial Spondyloarthritis

Rachael Stovall,” Cinthia Blat, Eric Roberts,?
Janna Friedly," Lianne S. Gensler,?

Jean W. Liew, Katherine Wysham,"* {2/ Namrata Singh,’

Gabriela Schmajuk,*>° (2 and Jinoos Yazdany?

Objective. We examined sex differences in medication discontinuation among patients with axial spondyloarthritis
(axSpA) initiating tumor necrosis factor inhibitors (TNFi), interleukin-17 inhibitors (IL-17i), or JAK inhibitors (JAKIi).

Methods. Using data from the Rheumatology Informatics System for Effectiveness (RISE) Registry (2003-2025), we
assessed medication discontinuation by sex among new users of TNFi, IL-17i, and JAKi. Cox regression models were
used to evaluate associations between sex and treatment discontinuation, adjusting for sociodemographic and clinical
factors. We also examined medication continuation by sex and age group (18-64 vs >65 years) using Kaplan-Meier
curves and tested for interactions between sex and age, race, and area deprivation index (ADI).

Results. Among 7,200 individuals, the mean = SD age was 52.7 + 14.7 years; 58.3% were female and 68.7% were
non-Hispanic White. Among TNFi users (N = 6,256), women had a 24% higher risk of discontinuation compared to men
(hazard ratio [HR]: 1.24; 95% confidence interval [Cl]: 1.16-1.32). Among IL-17i users (n = 693), women had a 25%
higher risk of discontinuation (HR: 1.25; 95% ClI: 1.01-1.54). No significant sex differences were observed among JAKi
users (N = 251). Among TNFi users, women under 65 years had the lowest probability of treatment continuation. There
was no statistically significant interaction between sex and age, race or ADL.

Conclusions. In a large US registry, women with axSpA were more likely to discontinue TNFi and IL-17i than men.
Larger studies with longer follow-up since treatment approval are needed to confirm the lack of sex differences in JAKi

discontinuation as this group could be underpowered.
INTRODUCTION

Axial spondyloarthritis (axSpA) is an inflammatory disease
primarily affecting the axial skeleton but may also involve periph-
eral joints and extramusculoskeletal manifestations. Although
early evidence mistakenly suggested that axSpA primarily affects
men, it is now recognized that the disease occurs with equal
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prevalence in both men and women." Despite this, women often
experience longer diagnostic delays, report worse symptoms,
and exhibit greater functional impairment than men."? These dif-
ferences highlight the potential influence of sex on disease mani-
festations, treatment response, and outcomes in axSpA.

Tumor necrosis factor inhibitors (TNFi) have long been a second-
line treatment in axSpA,® after nonsteroidal anti-inflammatory drugs
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SIGNIFICANCE & INNOVATIONS

+ This study is one of the first to evaluate sex differ-
ences in medication discontinuation in axial spon-
dyloarthritis beyond tumor necrosis factor
inhibitor (TNFi) use using real-world data.

* In the TNFi and interleukin-17 inhibitor (IL-17i)
groups, women had a 24% and 25% higher risk of
discontinuation, respectively, compared to men.

+ There was no medication discontinuation differ-
ence by sex in JAK inhibitor use, although the sam-
ple size was smaller.

+ These results inform our understanding of real-
world use of these medications so that in future
research, we can better understand sex differences
in medication use and efficacy, ascertain ways to
bridge any identified gaps, and aid in
individualized-treatment  shared-decision-making
between patients and clinicians.

(NSAIDs), and most existing literature on sex-based treatment differ-
ences derives from studies of this drug class. Women appear less
likely than men to achieve clinical response, demonstrating higher
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) scores,
lower remission rates, and greater functional impairment during TNFi
therapy."*~ Observational data further suggest that women are more
likely to discontinue or switch TNFi earlier than men.*’ Pooled analy-
ses from four etanercept clinical trials stratified by sex also showed
lower response—measured by Ankylosing Spondylitis Disease Activ-
ity Score and BASDAI—and lower adherence in women.® Collectively,
these findings point to meaningful sex-based differences in TNFi treat-
ment persistence and response.

With the expansion of newer therapeutic options, including
interleukin-17 inhibitors (IL-17i) and JAK inhibitors (JAKI), the
treatment landscape for axSpA has broadened considerably.®
These newer agents have demonstrated efficacy in randomized
controlled trials (RCTs) and are now routinely used in clinical prac-
tice."®"" However, it remains unclear whether the sex-based dif-
ferences observed with TNFi extend to these newer drug classes.

Real-world evidence is well suited to address this knowl-
edge gap. Although RCTs provide critical efficacy and safety
data, they often underrepresent women with axSpA, lack suffi-
cient power to detect sex-specific differences in treatment out-
comes, and infrequently report sex-stratified outcomes.'?
Meta-analyses of RCTs confirm that sex-stratified data are
inconsistently reported and, when available, suggest men derive
greater benefit from TNFi and IL-171."2"® In contrast, real-world
studies encompass broader and more diverse patient popula-
tions, including those from racial and ethnic minorities, those
with lower socioeconomic status (SES) or health literacy, those
with multiple comorbidities, and pregnant or breastfeeding indi-
viduals. These groups may have different treatment responses,
tolerability, or adherence barriers not captured in clinical trials.

Therefore, large observational studies are needed to better
understand treatment differences beyond clinical trials by sex in
axSpA.

To address these gaps, we conducted a large national study
using the Rheumatology Informatics System for Effectiveness
(RISE) registry, a US-based electronic health record (EHR) registry
of patients with rheumatic diseases, to examine sex differences in
treatment discontinuation among individuals with axSpA treated
with TNFi, IL-17i, or JAKi. We aimed to include a diverse popula-
tion with respect to race, ethnicity, SES, and comorbidities. We
hypothesized that women would have a higher rate of medication
discontinuation across all three medication classes compared
to men.

METHODS

Data source. We conducted a retrospective cohort study
using data from the RISE registry from 2003 to 2025. RISE cap-
tures EHR data from routine outpatient care in participating rheu-
matology practices across the United States. Through the end
date of this study, the registry included data from more than
1,100 providers representing approximately 20% of the national
clinical rheumatology workforce.'* Most RISE practices are
community-based single or multi-rheumatologist private prac-
tices. Designed to integrate seamlessly into clinical workflows,
RISE does not require additional data entry into a separate data-
base. Instead, it extracts structured EHR data—such as diagno-
ses, medications, laboratory results, and patient-reported
outcomes—along with clinical notes. The registry is compatible
with most certified EHR systems, with NextGen, eClinicalWorks,
AllScripts, and Practice Fusion being the most commonly used
platforms.

Study sample. To identify individuals with prevalent axSpA,
we used International Classification of Diseases (ICD) 9th and
10th Revision codes (720.0, M45.x, M46.8) in the RISE registry
from January 1, 2003, to March 31, 2025. Individuals were eligible
for cohort inclusion if they were >18 years of age at the time of the
study start, had two or more ICD codes for axSpA recorded
>30 days apart in the RISE registry, and had a medication-free
period of at least six months followed by at least two prescriptions
for the same medication within the TNFi, IL-17i, or JAKi classes
between 2003 and 2025. The ICD codes for axSpA were linked
to a rheumatology clinic visit, ensuring that all patients had docu-
mented visits before follow-up in the study. We employed a
new-user design, meaning patients were considered to be initiat-
ing treatment with a TNFi, IL-17i, or JAKi after six months with
none of these medications prescribed (also known as a washout
period). We chose 6 months, as opposed to 12 months, because
many patients are started on a biologic within the first year of see-
ing a rheumatologist, and requiring a longer washout period
would significantly reduce our sample size and bias our sample
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toward the healthiest patients. The requirement of at least two
prescriptions for the same medication ensured that patients
had truly started therapy, as initial prescriptions are frequently
abandoned due to barriers such as prior authorization issues,
cost, or patient preferences. This design allowed us to focus
on individuals who initiated and continued treatment. Supple-
mentary Table 1 describes the number of patients in RISE that
met criteria for our study based on our inclusion and exclusion
criteria.

Validation of administrative definition in RISE data.
In our prior research within the RISE registry on ankylosing spon-
dylitis (AS), also referred to as radiographic axSpA, we conducted
a detailed review of a sample of available RISE clinical notes to
confirm AS diagnoses (gold standard) among individuals with
two or more ICD-9 or ICD-10 codes, which was the definition
applied in the current study. This analysis yielded a positive pre-
dictive value of 88%.'S Additionally, 3 of 50 patients (6%) were
found to have an alternative diagnosis in RISE, resulting in a sensi-
tivity of 88%.

Outcomes. The outcome of interest was time to medication
discontinuation, defined as a documented stop date or gap of
>90 days without a medication prescription or refill. For inflixi-
mab, we defined discontinuation as a documented stop date
or gap of 260 days without a prescription or infusion encounter,
as this medication is commonly dosed every 60 days. In other
words, assuming a 90-day supply, patients were classified as
having discontinued a medication if they had more than 180 days
without a prescription. Assuming a 60-day supply for infliximab,

Second rx
First (Index date,
rx  Time0)

EHR observability

Confirmed axSpA diagnosis
(2 ICD codes, 30 days apart), then
baseline characteristics assessment +
no evidence of biologic or tsDMARD use

Baseline period (6 months)

Figure 1.

more than 120 days without a prescription indicated medication
discontinuation.

Study design. This was a retrospective longitudinal analy-
sis. After patients met study entry criteria, covariates were mea-
sured during the six-month baseline period before the earliest
medication record (Figure 1). Participants were observed from
the second medication record until (1) a prescription gap of
>60 days for infliximab, or >90 days for all other medications,
was observed, in which case the participant was assumed to
have stopped at the stop date for the last medication record
before the gap; or (2) close of the study period (March 2025).
Participants meeting condition (2) were classified as censored.
Participants with a gap in medication use were further assessed
to determine whether they had discontinued the medication or
had dropped out of care from the facility. For these patients, we
reviewed the EHR for a visit within the year following the gap.
Patients with a medication gap and no further visits were pre-
sumed to have dropped out of care or to have switched to
another facility. Because we could not track their medication
use, we classified them as censored. Patients with a
medication gap and at least one follow-up within the year were
considered discontinued. For medication records missing a stop
date, the stop date was estimated as 60 days from the record
start date for infliximab and 90 days from the medication start
date for all other medications.

Covariates. Our primary covariate of interest was sex.
Given that RISE includes multisite EHR data, we classified sex as
either female or male based on available data, while recognizing
that EHR data in the RISE registry did not support gender

Final rx

Medication
continuation assessment

Follow up period

Time

Study design: Participant recruitment, collection of baseline characteristics, and outcome assessment. Patients were followed until

censored or until they were believed to have discontinued the drug, whichever came first. We considered a patient to have discontinued a drug
if their next start date on the medication was greater than an allowable gap since the previous medication stop date (estimated or known). The
allowable gap was 60 days for infliximab and 90 days for all other drugs. axSpA, axial spondyloarthritis; EHR, electronic health record; ICD, Inter-
national Classification of Diseases; rx, prescription; tsDMARD, targeted synthetic disease-modifying antirheumatic drug.
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analysis. Additional covariates included age, race or ethnicity
(African American, Asian, Hispanic, non-Hispanic White, other
or mixed, unknown), body mass index (BMI; <18.5, 18.5—
24.9, 25-29.9, 30+), smoking status (ever/never), and area
deprivation index (ADI). ADI, a ZIP code-based measure for
neighborhood poverty and proxy for SES, was categorized into
quintiles, with quintile 1 representing the highest SES category
and quintile 5 representing the lowest SES category.?'® To
further characterize our study population, we documented
insurance type (private, Medicare, Medicaid, other, or
unknown) and calculated the median number of patient visits
during the baseline period as a measure of health care use.
We also assessed disease activity using the Multidimensional
Health Assessment Questionnaire (MDHAQ; range: 0-10
[lower to higher health status]) and described patterns of oral
glucocorticoid and opioid use, as these treatments can poten-
tially impact medication persistence. NSAID use could not be
reliably assessed as many patients buy these over the counter,
limiting the ability to adequately capture usage via prescrip-
tions in the EHR.

Statistical analysis. We generated descriptive statistics
for patient demographics, ADI, smoking status and biologic
and targeted synthetic disease-modifying antirheumatic drug
use. We then fit Cox regression models to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls) for medication
discontinuation in men and women adjusted for age, race/eth-
nicity, insurance status, BMI, ADI, baseline visit count, oral glu-
cocorticoid use, and opioid use. We assessed whether the
assumption of proportional hazards was met for sex by visual
inspection of plots of scaled Schoenfeld residuals over time.
We then constructed Kaplan-Meier curves to examine medica-
tion continuation stratified by sex and age (<65 and >65 years)
and compared survival functions using the log-rank test. We
selected 65 years as the age cutoff because individuals aged
>65 are typically eligible for Medicare, and we hypothesized
that differences in cost-sharing structures and care access
within this population might influence treatment discontinua-
tion patterns. We observed the patients until they had a drug
prescription gap or reached the new administrative censorship
date of March 31, 2025. Data were missing for covariates race/
ethnicity, BMI, insurance status, and ADI in 16.4%, 17.6%,
9.8%, and 6.5% of records, respectively, and we imputed the
values using iterative chained equations with 165 imputations.
The number of imputations needed to achieve stable standard
errors for all analyses was estimated using the HowManylmpu-
tations package in R."”

Sensitivity analyses. To evaluate the reliability of our main
findings, we conducted additional sensitivity analyses. In our pri-
mary analysis, our cohort included only patients with two or more
prescriptions of the medication of interest. As a sensitivity

analysis, to assess the robustness of our findings to this design
decision, we included all patients with at least one medication
prescription. In a second sensitivity analysis, we limited our analy-
sis to only the subset of patients with a medication stop date
recorded in the EHR. Then, we repeated the primary analysis in
those with an MDHAQ score to adjust for disease activity where
available; although not as extensively used to assess disease
activity in axSpA, this outcome has been shown to correlate with
more commonly used measures.'® Next, we adjusted for calen-
dar period of drug initiation with the following intervals to ensure
groups had similar numbers of patients: 2003-2009, 2010-
2015, 2016-2020, and 2021-2025. Afterwards, we adjusted for
methotrexate use. All sensitivity analyses were adjusted for the
covariates in the primary analysis. Lastly, we tested for statistical
interactions (P < 0.05) by serially adding sex by age, race or eth-
nicity, and ADI cross-product terms to the primary adjusted
analysis.

This study was approved by the Western Institutional Review
Board and the University of California, San Francisco Committee
on Human Research. We followed the STROBE guidelines to
enhance the reporting of this observational study.'® We did not
use large language models.

RESULTS

We identified 7,200 adults with axSpA, with a mean + SD
age of 52.7 + 14.7 years, 58.3% of whom were female, and
68.7% of whom were non-Hispanic White (Table 1). The median
number of visits during the baseline period (interquartile range)
per patient was 2.0 (1.0-3.0).

Among patients prescribed a TNFi, 4,213 of 6,256 or 67.3%
discontinued during the study period. Median time until TNFi dis-
continuation was 416 days (95% Cl: 392-434). After adjusting
for covariates, female sex was associated with a 24% higher risk
of TNFi discontinuation (adjusted HR [aHR]: 1.24, 95% Cl: 1.16-
1.32) (Table 2). There was a 19% higher risk of TNFi discontinua-
tion among those aged 51 to 60 years (aHR: 1.19, 95% ClI: 1.04-
1.36) compared to those aged 18 to 29 years. Other age groups
did not have a statistically significant difference in TNFi discontin-
uation. Compared to patients with obesity (BMI 30+), those in
the overweight category (BMI 25-29.9) had a lower risk of TNFi
discontinuation (@aHR: 0.91, 95% CI: 0.84-0.98). Race/ethnicity,
insurance type, ADI, visit count, glucocorticoid use, and opioid
use were not associated with TNFi discontinuation. When we
studied the probability of TNFi continuation stratified by sex and
age (18-64 vs >65 years), we found that women aged 18 to
64 years had the lowest probability of TNFi continuation
(Figure 2A).

Among those prescribed an IL-17i, 435 of 693 or 62.8% dis-
continued the medication within the study period. Median time
until discontinuation was 274 days (95% CI: 231-314). Women
had a 25% higher risk of treatment discontinuation (aHR: 1.25,
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Table 1. Baseline characteristics of patients with axSpA prescribed TNFi, IL-17i, or JAKi treatment*
Characteristic Overall (N=7,200) Female (n =4,200) Male (n=3,000)
Age+£SD,y 527 +147 522+143 533+152
18-29 485 (6.7) 275 (6.5) 210 (7.0)
30-40 1,086 (15.1) 646 (15.4) 440 (14.7)
41-50 1,626 (22.6) 1,014 (24.1) 612 (20.4)
51-60 1,716 (23.8) 1,032 (24.6) 684 (22.8)
61-70 1,391 (19.3) 744 (17.7) 647 (21.6)
71-80 745 (10.3) 416 (9.9) 329 (11.0)
>80 151 (2.1) 73(1.7) 78 (2.6)
Race and ethnicity
African American 296 (4.1) 195 (4.6) 101 (3.4)
Asian 129 (1.8) 59 (1.4) 70 (2.3)
Hispanic 351 (4.9) 223(5.3) 128 (4.3)
Non-Hispanic White 4,949 (68.7) 2,861 (68.1) 2,088 (69.6)
Other or mixed 293 (4.1) 186 (4.4) 107 (3.6)
Unknown 1,182 (16.4) 676 (16.1) 506 (16.9)
Body mass index
Underweight: <18.5 72 (1.0) 51(1.2) 21(0.7)
Normal weight: 18.5-24.9 1,314 (18.3) 863 (20.5) 451 (15.0)
Overweight: 25-29.9 1,799 (25.0) 896 (21.3) 903 (30.1)
Obese: 30+ 2,751 (38.2) 1,764 (42.0) 987 (32.9)
Unknown 1,264 (17.6) 626 (14.9) 638 (21.3)
Ever smoker
Ever 1,171 (16.3) 610(14.5) 561 (18.7)
Never 2,516 (34.9) 1,578 (37.6) 938 (31.3)
Unknown 3,513 (48.8) 2012 (47.9) 1,501 (50.0)
National area deprivation index,® median (Q1, Q3) 448 (25.7) 47.0(25.6) 41.7 (25.4)
Quintile 1 (1-19) 1,337 (18.6) 679(16.2) 658 (21.9)
Quintile 2 (20-33) 1,258 (17.5) 700 (16.7) 558 (18.6)
Quintile 3 (34-49) 1,408 (19.6) 801 (19.1) 607 (20.2)
Quintile 4 (50-70) 1,360 (18.9) 862 (20.5) 498 (16.6)
Quintile 5 (71-100) 1,366 (19.0) 884 (21.0) 482 (16.1)
Unknown 471 (6.5) 274 (6.5) 197 (6.6)
Insurance category
Private 4,158 (57.8) 2,372 (56.5) 1,786 (59.5)
Medicare 1,810 (25.1) 992 (23.6) 818 (27.3)
Medicaid 367 (5.1) 275 (6.5) 92 (3.1)
Other insurance 160 (2.2) 98 (2.3) 62 (2.1)
Unknown 705 (9.8) 463 (11.0) 242 (8.1)
MDHAQ,” mean + SD 33+30 36+30 30+29
Unknown 4,529 2,598 1931
Visit count during baseline period, median (Q1, Q3) 2(1,3) 2(1,3) 1(1,2)
Oral glucocorticoid use 1,153 (16.0) 715 (17.0) 438 (14.6)
Opioid use 624 (8.7) 379 (9.0) 245 (8.2)
TNFi 6,256 (86.9) 3,589 (85.5) 2,667 (88.9)
IL-17i 693 (9.6) 443 (10.5) 250 (8.3)
JAKi 251 (3.5) 168 (4.0) 83(2.8)

* Values are expressed as n (%) unless otherwise indicated. axSpA, axial spondyloarthritis; IL-17i, interleukin-17
inhibitor; JAKi, JAK inhibitor; MDHAQ, Multidimensional Health Assessment Questionnaire; Q, quintile; TNFi, tumor

necrosis factor inhibitor.
@ Range 1-100, lower to higher disadvantage.
b Range 0-10, higher to lower health status.

95% Cl: 1.01-1.54) (Table 3). When stratifying by sex and age
(18-64 vs >65 years), men aged 18 to 64 had the lowest probabil-
ity of discontinuing treatment (Figure 2B).

In the JAKi group, 165 of 251 or 65.7% discontinued the
medication. Median time until discontinuation was 342 days
(95% Cl: 270-437). The JAKi group did not have a difference in
medication discontinuation by sex (aHR: 0.89, 95% Cl:
0.62-1.27) (Table 4), nor was there a difference in treatment
continuation when stratifying by age and sex (Figure 2C). Given

the smaller size of the JAKi group, the analysis may be
underpowered.

Sensitivity analyses. In a series of sensitivity analyses, we
found that the risk of TNFi discontinuation remained higher in
women than men. This included when we expanded our sam-
ple to include participants with one or more prescription for
TNFi instead of two or more prescriptions (n = 10,426, aHR:
1.14, 95% CI: 1.09-1.20) (Supplementary Table 2). Risk of
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Table 2. Risk of TNFi discontinuation among patients with axSpA*

Primary analyses (imputed data®)

Crude analysis

Adjusted analysis®

Characteristic R (95% Cl) P value aHR (95% Cl) P value
Gender
Female 1.26(1.19-1.34) <0.001 1.24(1.16-1.32) <0.001
Male — —
Age,y
18-29 — —
30-40 1.06 (0.92-1.22) 0.42 .06 (0.92-1.22) 0.45
41-50 1.10(0.96-1.26) 0.17 .07 (0.93-1.22) 0.35
51-60 1.19 (1.04-1.36) 0.009 .19 (1.04-1.36) 0.014
61-70 1.10 (0.96-1.26) 0.17 .12 (0.97-1.30) 0.13
71-80 0.92 (0.79-1.07) 0.29 .95 (0.80-1.13) 0.55
>80 0.76 (0.58-1.00) 0.049 O 80 (0.61-1.06) 0.13
Race and ethnicity
African American 0.99 (0.85-1.15) 0.90 0.94(0.81-1.10) 0.45
Asian 1.05(0.85-1.31) 0.65 1.13(0.91-1.41) 0.28
Hispanic 1.10(0.96-1.27) 0.18 1.06 (0.92-1.22) 043
Non-Hispanic White — —
Other or mixed 1.17(0.99-1.38) 0.072 1.16(0.99-1.37) 0.074
National area deprivation index
Quintile 1 (1-19) — —
Quintile 2 (20-33) 1.06 (0.96-1.17) 0.29 1.04(0.94-1.15) 0.44
Quintile 3 (34-49) 1.10(1.00-1.21) 0.047 1.09 (0.99-1.20) 0.10
Quintile 4 (50-70) 1.08 (0.98-1.19) 0.14 1.04(0.94-1.15) 0.45
Quintile 5 (71-100) 1.17 (1.06-1.30) 0.002 1.11 (1.00-1.23) 0.054
Insurance category
Private — —
Medicare 0.92 (0.86-0.98) 0.016 0.95(0.87-1.04) 0.30
Medicaid 1.15(1.00-1.32) 0.054 1.08 (0.94-1.25) 0.28
Other insurance 0.91(0.73-1.12) 037 0.89(0.72-1.10) 0.29
Body mass index
Underweight: <18.5 0.80 (0.59-1.08) 0.14 0.81 (0.60-1.10) 0.18
Normal weight: 18.5-24.9 0.92 (0.85-1.00) 0.058 0.94 (0.86-1.03) 0.19
Overweight: 25-29.9 0.87 (0.80-0.94) <0.001 0.91 (0.84-0.98) 0.016
Obese: 30+ — —
Visit count during baseline period 1.01(0.99-1.02) 0.22 1.00(0.99-1.02) 0.63
Oral glucocorticoid use 1.09 (1.01-1.18) 0.031 1.07 (0.99-1.16) 0.10
Opioid use 0.99 (0.89-1.11) 0.88 0.97(0.87-1.08) 0.58

* aHR, adjusted HR; axSpA, axial spondyloarthritis; Cl, confidence interval; HR, hazard ratio; TNFi, tumor necrosis

factor inhibitor.

@ Data imputed through multiple imputation by iterative chained equations.
b Adjusted for age, race/ethnicity, insurance status, body mass index, area deprivation index, baseline visit count,

oral glucocorticoid use and opioid use.

discontinuation was still higher in women when we restricted
the sample to include only those with documented medication
stop dates (n = 2,488, aHR: 1.33, 95% Cl: 1.21-1.46). This
was also the case when we repeated our primary analysis
adjusting for MDHAQ in the subset of patients with an
observed value for MDHAQ (n = 2,292, aHR: 1.22, 95% CI:
1.01-1.35), when adjusting for calendar period of drug start
(n=6,256, aHR: 1.20, 95% CI: 1.13-1.28), and when adjust-
ing for methotrexate use (n = 6,256, aHR: 1.27, 95% CI:
1.19-1.36). Among those on IL-17i, risk of treatment discon-
tinuation remained higher among women when we expanded
our sample to patients with one or more prescription
(n=1,383, aHR: 1.18, 95% CI: 1.03-1.35) and restricted it to
patients with documented stop dates only (n = 347, aHR:

1.44, 95% Cl: 1.09-1.91). There was no sex difference in
IL-17i discontinuation with adjustment for MDHAQ (n = 285,
aHR: 1.34, 95% CI: 0.94-1.93) or with adjustment for calendar
period of drug start (n = 693, aHR: 1.22, 95% CI: 0.99-1.51).
When we additionally adjusted for methotrexate use, women
still had a higher risk of IL-17i discontinuation compared to
men (n = 693, aHR: 1.28, 95% CI: 1.04-1.57). With JAKi use,
there was no sex difference in medication discontinuation
when studying those with one or more prescription (n = 577,
aHR: 0.94, 95% CI: 0.76-1.17) or when adjusting for metho-
trexate use (n = 251, aHR: 0.88, 95% CI: 0.62-1.26), and the
sample was too small to fit models for documented medication
stop dates, MDHAQ adjustment or calendar period of drug
start.
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Figure 2. Probability of mediation continuation by sex and age in axial spondyloarthritis. (A) Drug continuation among patients prescribed tumor
necrosis factor inhibitors. (B) Drug continuation among patients prescribed interleukin-17 inhibitors. (C) Drug continuation among patients prescribed
JAK inhibitors. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.70001/abstract.
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Table 3. Risk of IL-17i discontinuation among patients with axSpA*

Primary analysis (imputed®)

Crude analysis

Adjusted analysis®

Characteristic HR (95% Cl) P value aHR (95% Cl) P value
Gender
Female 1.24(1.02-1.52) 0.030 1.25(1.01-1.54) 0.038
Male — —
Age,y
18-29 — —
30-40 1.13 (0.66-1.94) 0.65 1.14 (0.66-1.97) 0.63
41-50 1.17(0.70-1.95) 0.54 1.20(0.71-2.03) 0.49
51-60 1.11 (0.68-1.83) 0.68 1.15(0.69-1.92) 0.58
61-70 1.19 (0.72-1.96) 0.51 1.17 (0.68-2.00) 0.57
71-80 1.48 (0.86-2.55) 0.16 1.30(0.70-2.42) 0.40
>80 1.55(0.67-3.58) 0.31 1.57(0.63-3.93) 0.33
Race and ethnicity
African American 0.94 (0.58-1.54) 0.81 0.93(0.56-1.56) 0.79
Asian 0.86 (0.36-2.05) 0.73 1.01 (0.40-2.51) 0.99
Hispanic 1.07 (0.63-1.83) 0.80 1.13(0.64-1.98) 0.68
Non-Hispanic White — —
Other or mixed 0.79 (0.49-1.28) 0.34 0.81(0.49-1.33) 0.40
National area deprivation index
Quintile 1 (1-19) — —
Quintile 2 (20-33) 1.20 (0.88-1.63) 0.25 1.24(0.89-1.71) 0.20
Quintile 3 (34-49) 1.37 (0.99-1.90) 0.06 1.42(1.01-1.99) 0.044
Quintile 4 (50-70) 1.10(0.80-1.52) 0.54 1.10(0.78-1.54) 0.58
Quintile 5 (71-100) 1.21 (0.87-1.66) 0.25 1.27(0.90-1.79) 0.17
Insurance category
Private — —
Medicare 1.22(0.98-1.51) 0.078 1.09(0.81-1.48) 0.56
Medicaid 1.13(0.73-1.76) 0.59 1.08 (0.69-1.72) 0.73
Other insurance 0.64 (0.29-1.41) 0.27 0.56 (0.25-1.26) 0.16
Body mass index
Underweight <18.5 1.72 (0.50-5.97) 0.39 1.92 (0.52-7.03) 0.32
Normal weight: 18.5-24.9 0.99 (0.75-1.29) 0.92 1.02 (0.77-1.36) 0.86
Overweight: 25-29.9 1.02 (0.80-1.30) 0.89 1.08 (0.84-1.40) 0.53
Obese: 30+ — —
Visit count during baseline period 1.06(1.01-1.12) 0.024 1.05(0.99-1.11) 0.10
Oral glucocorticoid use 1.29 (1.03-1.63) 0.028 1.23(0.96-1.57) 0.10
Opioid use 1.00 (0.71-1.40) >0.99 0.9 (0.63-1.31) 0.59

* aHR, adjusted HR; axSpA, axial spondyloarthritis; Cl, confidence interval; HR, hazard ratio; IL-17i, interleukin-17

inhibitor.

@ Data imputed through multiple imputation by iterative chained equations.
b Adjusted for age, race/ethnicity, insurance status, body mass index, area deprivation index, baseline visit count,

oral glucocorticoid use, and opioid use.

Last, we explored interactions between sex and age, race,
and ADI. We did not see interactions between sex and any
sociodemographic factors in the TNFi, IL-17i or JAKi groups.

DISCUSSION

In this national study, we examined sex differences in treat-
ment discontinuation among new users of TNFi, IL-17i, and JAKI
in axSpA. We found across multiple analyses that women consis-
tently had earlier medication discontinuation of TNFi than men.
These findings underscore the importance of understanding why
women discontinue these medications earlier, so that we can
develop strategies to improve their clinical outcomes. Discontinu-
ation rates for IL-17i were also higher among women, but when

adjusting for MDHAQ or calendar period, rate of drug discontinu-
ation was similar across sexes. There were no sex differences in
JAKI discontinuation. This study is novel in that it goes beyond a
focus on TNFi to also include IL-17i and JAKI, and it uses real-
world data to study all three of these medication classes rather
than data from RCTs.

Our findings are consistent with the growing literature to
suggest that women stop TNFi early.* There are several expla-
nations for why women may be less likely to continue medica-
tions for axSpA long term. First, women are more likely to
experience TNFi drug side effects.?® Second, it is possible
women could be more likely to develop drug antibodies to ada-
limumab and infliximab, both TNFi, which could lessen their
efficacy and also place them at higher risk of adverse events
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Table 4. Risk of JAKi discontinuation among patients with axSpA*

Primary analyses (imputed)

Crude Adjusted?®
Characteristic HR (95% Cl) P value aHR (95% Cl) P value
Gender
Female 0.89 (0.64-1.23) 0.48 0.89(0.62-1.27) 0.51
Male — —
Age,y
18-29 — —
30-40 0.61 (0.25-1.49) 0.27 0.53(0.20-1.41) 0.21
41-50 0.47 (0.22-1.04) 0.061 0.45 (0.19-1.06) 0.068
51-60 0.47(0.21-1.02) 0.056 0.44 (0.18-1.06) 0.067
61-70 0.75(0.35-1.61) 0.46 0.80 (0.34-1.87) 0.61
71-80 0.68 (0.30-1.56) 0.36 0.67 (0.24-1.87) 0.44
>80 0.29 (0.08-1.11) 0.07 0.23(0.05-0.99) 0.048
Race and ethnicity
African American 1.05(0.35-3.19) 0.93 1.52(0.42-5.57) 0.52
Asian 1.91(0.73-4.97) 0.18 2.15(0.69-6.73) 0.19
Hispanic 0.91(0.48-1.72) 0.76 0.98 (0.49-1.96) 0.96
Non-Hispanic White — —
Other or mixed 1.06 (0.48-2.35) 0.89 1.03(0.42-2.52) 0.94
National area deprivation index
Quintile 1 (1-19) — —
Quintile 2 (20-33) 1.10 (0.66-1.83) 0.72 1.26(0.71-2.22) 0.43
Quintile 3 (34-49) 0.82(0.51-1.31) 0.40 0.89 (0.53-1.50) 0.66
Quintile 4 (50-70) 0.94 (0.60-1.48) 0.80 1.10(0.65-1.85) 0.73
Quintile 5 (71-100) 1.09 (0.66-1.79) 0.73 1.37(0.77-2.41) 0.28
Insurance category
Private — —
Medicare 1.24.(0.87-1.76) 0.23 1.19(0.73-1.94) 0.49
Medicaid 0.96 (0.44-2.09) 0.92 1.05 (0.44-2.50) 0.91
Other insurance 0.41 (0.06-2.77) 0.35 0.27 (0.03-2.20) 0.22
Body mass index
Underweight: <18.5 0.57 (0.14-2.33) 0.43 0.42 (0.09-1.88) 0.26
Normal weight: 18.5-24.9 1.36 (0.86-2.15) 0.19 1.43 (0.86-2.37) 0.16
Overweight: 25-29.9 1.18(0.79-1.76) 0.41 1.20(0.77-1.87) 0.42
Obese: 30+ — —
Visit count during baseline period 1.02 (0.94-1.10) 0.61 1.03(0.93-1.14) 0.60
Oral glucocorticoid use 0.85 (0.60-1.21) 0.37 0.83(0.54-1.26) 0.37
Opioid use 1.02 (0.70-1.48) 0.92 1.07 (0.69-1.65) 0.76

STOVALLET AL

* aHR, adjusted HR; axSpA, axial spondyloarthritis; HR, hazard ratio; Cl, confidence interval; JAKi, JAK inhibitor.
@ Adjusted for age, race/ethnicity, insurance status, body mass index, area deprivation index, baseline visit count,

oral glucocorticoid use, and opioid use.

from these medications.?' 2 It is unclear how hormonal differ-
ences could play arole, and there is active research in this area
including the role of menopause.?* These reasons have been
suggested for earlier TNFi discontinuation among women with
rheumatoid arthritis as well.2> Women with axSpA are more
likely to have extra-axial manifestations including peripheral
arthritis and enthesitis and therefore may report more pain
and functional difficulties, which could lead to treatment dis-
continuation.” One meta-analysis of RCTs in axSpA found that
there was a larger difference in treatment efficacy among
women with nonradiographic axSpA compared to men and
those with radiographic axSpA suggesting this subgroup
could be different.’® Few patients were pregnant during the
study, and therefore we do not think this is a major reason for
medication discontinuation. Moreover, TNFi are generally safe

in pregnancy.?® Lastly, cost-related issues may impact long
term medication use. Women tend to have lower income than
men and therefore may have less ability to afford these expen-
sive medications.?’

When stratified by age, TNFi treatment discontinuation rates
were similar between men and women older than 65 years. How-
ever, among those under 65 years, women were significantly
more likely to discontinue treatment than men. Although the rea-
son for this is unclear, we speculate that younger women may
have a higher prevalence of nonradiographic axSpA, which has
been associated with lower treatment efficacy in other studies.’®

We found that women had a higher risk of IL-17i discontinu-
ation than men, consistent with findings from two meta-analyses
of RCTs."?"® However, this association was no longer observed
after adjusting for MDHAQ or calendar period. Because only a
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small number of patients had MDHAQ data available (n = 285), we
suspect that this attenuation reflects limited sample size rather
than a true absence of effect. Similar factors that contribute to
higher TNFi discontinuation among women may also underlie ear-
lier IL-17i discontinuation.

We did not find a difference by sex in JAKi
discontinuation. However, the number of patients receiving JAKi
was smaller compared to those on TNFi and IL-17i, which likely
limited the precision of our estimates. This difference in sample
size is expected, given that TNFi such as etanercept have been
available since 2003 for the treatment of AS (radiographic
axSpA),%® whereas IL-17i such as secukinumab and ixekizumab
were approved more recently (20162° and 2019,% respectively),
and tofacitinib (a JAKI) was approved in 2021,%" indicating there
was a longer time to follow-up patients on TNFi than IL-17i and
JAKI. Consequently, the longer follow-up time available for
patients on TNFi may partly explain the more robust findings in
that group. A larger sample of patients on JAKi could help confirm
our findings and provide more precise estimates of the effect of
sex on discontinuation of these therapies. One important distinc-
tion is that, unlike TNFi and IL-17i, JAKi do not provoke antidrug
antibody formation,®? a phenomenon that could affect response
to TNFi and IL-17i therapy and is more common among
women.2"%8

We noticed that women were more likely to seek medical
care than men and had on average two visits per year, whereas
men had one visit on average, consistent with the literature in
spondyloarthritis.* We controlled for number of visits in our anal-
ysis, as this could affect the timing of when a medication is
marked as discontinued in patient’s EHR.

This study has several strengths. First, using multisite EHR
data from the RISE registry with e-prescriptions allowed us to
study a large number of patients with axSpA from diverse geo-
graphic locations across the United States. Second, our cohort
is enriched with women, who made up more than half of our study
sample, making RISE an important data source to study sex dif-
ferences in axSpA. Per our validation study,'® we were reason-
ably certain that individuals assigned an axSpA diagnosis based
on ICD codes truly had the disease, in addition to the fact that
patients were evaluated by a rheumatologist and had at least
two prescriptions for a biologic or targeted synthetic disease
modifying antirheumatic drug. Reassuringly, many of the sensitiv-
ity analyses did not significantly change our results.

Our study also has some limitations. The RISE registry vari-
able for sex/gender includes information gathered on >40 EHRSs,
all of which may collect data differently. Most EHRs did not distin-
guish between sex and gender until recently, and because most
patients are not new to rheumatology practice, these data were
likely collected for most patients before EHRs started asking sep-
arate questions for sex and gender. Sex-related differences may
stem from both biological as well as sociocultural differences.
We do not have data on trans and nonbinary patients. We do

not know which patients were biologic naive before the start
of the study (ie, never taken a biologic before), nor do we know
how many prior medications a patient was prescribed for
axSpA before the baseline period of the study. We used
e-prescriptions rather than prescription fill data and studied
continuation rather than medication adherence. Some patients
did not have a medication stop date and we had to assume a
stop date based off of their last prescription. Only a small por-
tion (14.7%) of patients had data on disease activity score as
measured by the MDHAQ, thus limiting the precision of that
sensitivity analysis. Lastly, outside of a sensitivity analysis
adjusting for methotrexate use, we did not study other conven-
tional synthetic disease modifying antirheumatic drugs, as they
do not treat axial inflammation. Future studies should look at
this since these drugs may improve persistence by reducing
antidrug antibodies in a subset of patients.

In conclusion, in this large US sample of adults with axSpA,
women were less likely to continue TNFi and IL-17i compared to
men with axSpA. Although there were no sex differences in JAKi
discontinuation, a larger sample could confirm these findings
and estimate the effect with more precision. Future research
should investigate the underlying reasons for sex differences in
TNFi and IL-17i discontinuation.

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 Stovall 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. Stovall R, van der Horst-Bruinsma IE, Liu SH, et al. Sexual dimorphism
in the prevalence, manifestation and outcomes of axial spondyloarthri-
tis. Nat Rev Rheumatol 2022;18(11):657-669.

2. Stovall R, Li J, Fitzpatrick J, et al. Low socioeconomic status and
female sex are associated with worse functional status in axial spon-
dyloarthritis. Arthritis Care Res (Hoboken) 2025;77(3):376-384.

3. Ward MM, Deodhar A, Gensler LS, et al. 2019 update of the American
College of Rheumatology/Spondylitis Association of America/
Spondyloarthritis Research and Treatment Network recommenda-
tions for the treatment of ankylosing spondylitis and nonradiographic
axial spondyloarthritis. Arthritis Rheumatol 2019;71(10):1599-1613.

4. RusmanT, Ten Wolde S, Euser SM, et al. Gender differences in reten-
tion rate of tumor necrosis factor alpha inhibitor treatment in ankylos-
ing spondylitis: a retrospective cohort study in daily practice. Int J
Rheum Dis 2018;21(4):836-842.

5. vander Slik B, Spoorenberg A, Wink F, et al. Although female patients

with ankylosing spondylitis score worse on disease activity than male
patients and improvement in disease activity is comparable,



924

STOVALLET AL

10.

11.

12.

13.

14.

15.

16.

17

18.

19.

20.

male patients show more radiographic progression during treatment
with TNF-a inhibitors. Semin Arthritis Rheum 2019;48(5):828-833.
Deodhar A, Yu D. Switching tumor necrosis factor inhibitors in the
treatment of axial spondyloarthritis. Semin Arthritis Rheum 2017;
47(3):343-350.

Rusman T, Nurmohamed MT, Hoekstra S, et al. Disease activity in
women with ankylosing spondylitis remains higher under tumour
necrosis factor inhibitor treatment than in men: a five-year observa-
tional study. Scand J Rheumatol 2022;51(6):506-512.

van der Horst-Bruinsma IE, Zack DJ, Szumski A, et al. Female patients
with ankylosing spondylitis: analysis of the impact of gender across
treatment studies. Ann Rheum Dis 2013;72(7):1221-1224.

Bittar M, Deodhar A. Axial spondyloarthritis: a review. JAMA 2025;
333(5):408-420.

Yin'Y, Wang M, Liu M, et al. Efficacy and safety of IL-17 inhibitors for
the treatment of ankylosing spondylitis: a systematic review and
meta-analysis. Arthritis Res Ther 2020;22(1):111.

Lee YH. Comparative efficacy and safety of Janus kinase inhibitors
and secukinumab in patients with active ankylosing spondylitis: a sys-
tematic review and meta-analysis. Pharmacology 2022;107(11-12):
537-544.

Gao A, Pardo Pardo J, Dang S, et al. Sex-related differences in effi-
cacy and safety outcomes in axial spondyloarthritis randomized clini-
cal trials: a systematic literature review and meta-analysis. Arthritis
Care Res (Hoboken) 2025;77(7):813-826.

Xie Y, Liu Y, Wu Q. Effect of gender and age on bDMARD efficacy for
axial spondyloarthritis patients: a meta-analysis of randomized con-
trolled trials. Rheumatology (Oxford) 2024;63(11):2914-2922.

RISE for research. American College of Rheumatology website.
Accessed March 29, 2023. https://rheumatology.org/rise-for-
research

Stovall R, Kersey E, Li J, et al. Incidence rate and factors associated
with fractures among Medicare beneficiaries with ankylosing spondy-
litis in the United States. Arthritis Care Res (Hoboken) 2023;76(2):
265-273.

Kind AJ, Jencks S, Brock J, et al. Neighborhood socioeconomic dis-

advantage and 30-day rehospitalization: a retrospective cohort study.
Ann Intern Med 2014;161(11):765-774.

. von Hippel PT. How many imputations do you need? A two-stage cal-

culation using a quadratic rule. Sociol Methods Res 2020;49(3):
699-718.

Garcia-Valle A, Andrés-de Llano JM, Farifia-Gonzélez AJ, et al. Con-
struct validity of the routine assessment of patient index data
3 (RAPID3) in the evaluation of axial spondyloarthritis. J Rheumatol
2022;49(1):36-43.

Vandenbroucke JP, von EIm E, Altman DG, et al; STROBE Initiative.
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE): explanation and elaboration. Int J Surg 2014;12(12):
1500-1524.

Gosselt HR, van Lint JA, Kosse LJ, et al. Sex differences in adverse
drug reactions from Adalimumab and etanercept in patients with
inflammatory rheumatic diseases. Expert Opin Drug Saf 2023;22(6):
501-507.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Balsa A, Sanmarti R, Rosas J, et al. Drug immunogenicity in patients
with inflammatory arthritis and secondary failure to tumour necrosis
factor inhibitor therapies: the REASON study. Rheumatology
(Oxford) 2018;57(4):688-693.

Hambardzumyan K, Hermanrud C, Marits P, et al; SWEFOT study
group. Association of female sex and positive rheumatoid factor with
low serum infliximab and anti-drug antibodies, related to treatment
failure in early rheumatoid arthritis: results from the SWEFOT trial pop-
ulation. Scand J Rheumatol 2019;48(5):362—-366.

Strand V, Goncalves J, Isaacs JD. Immunogenicity of biologic agents
in rheumatology. Nat Rev Rheumatol 2021;17(2):81-97.

Rusman T, van Vollenhoven RF, van der Horst-Bruinsma IE. Gender
differences in axial spondyloarthritis: women are not so lucky. Curr
Rheumatol Rep 2018;20(6):35.

Lauridsen KB, Duch KS, Mortensen AS, et al. Sex differences in treat-
ment response in patients with rheumatoid arthritis treated with
tumour necrosis factor inhibitor: a cohort study from the DANBIO reg-
istry. Scand J Rheumatol 2025;54(4):252-262.

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 Rheu-
matol 2020;72(4):529-556.

Fry R, Aragéo C. Gender pay gap in U.S. hasn’t changed much in two
decades. Pew Research Center. March 4, 2023. https:.//www.
pewresearch.org/short-reads/2023/03/01/gender-pay-gap-facts/.

Enbrel is first biologic to receive FDA approval for the treatment of
ankylosing spondylitis Amgen. July 14, 2003. https://www.amgen.
com/newsroom/press-releases/2003/07/enbrel-is-first-biologic-to-
receive-fda-approval-for-the--treatment-of-ankylosing-spondylitis

Novartis receives two new FDA approvals for Cosentyx to treat
patients with ankylosing spondylitis and psoriatic arthritis in the
US. Novartis. January 15, 2016. https://www.novartis.com/news/
media-releases/novartis-receives-two-new-fda-approvals-cosentyx-
treat-patients-ankylosing-spondylitis-and-psoriatic-arthritis-us

Lilly Receives U.S. FDA Approval for Taltz® (ixekizumab) for the Treat-
ment of Active Ankylosing Spondylitis (Radiographic Axial Spondylo-
arthritis). Lilly Investors. August 26, 2019. https://investor.lilly.com/
news-releases/news-release-details/lilly-receives-us-fda-approval-
taltzr-ixekizumab-treatment

U.S. FDA approves Pfizer's XELJANZ® (tofacitinib) for the treatment of
active ankylosing spondylitis. Pfizer. December 14, 2021. https://
www.pfizer.com/news/press-release/press-release-detail/us-fda-ap
proves-pfizers-xeljanzr-tofacitinib-treatment-0

Nufez P, Quera R, Yarur AJ. Safety of Janus kinase inhibitors in
inflammatory bowel diseases. Drugs 2023;83(4):299-314.

Mease PJ, Mclnnes IB, Kirkham B, et al; FUTURE 1 Study Group.
Secukinumab inhibition of interleukin-17A in patients with psoriatic
arthritis. N Engl J Med 2015;373(14):1329-1339.

Garrido-Cumbrera M, Poddubnyy D, Sommerfleck F, et al. Regional
differences in diagnosis journey and healthcare utilization: results from
the International Map of Axial Spondyloarthritis (IMAS). Rheumatol
Ther 2024;11(4):927-945.


https://rheumatology.org/rise-for-research
https://rheumatology.org/rise-for-research
https://www.pewresearch.org/short-reads/2023/03/01/gender-pay-gap-facts/
https://www.pewresearch.org/short-reads/2023/03/01/gender-pay-gap-facts/
https://www.amgen.com/newsroom/press-releases/2003/07/enbrel-is-first-biologic-to-receive-fda-approval-for-the--treatment-of-ankylosing-spondylitis
https://www.amgen.com/newsroom/press-releases/2003/07/enbrel-is-first-biologic-to-receive-fda-approval-for-the--treatment-of-ankylosing-spondylitis
https://www.amgen.com/newsroom/press-releases/2003/07/enbrel-is-first-biologic-to-receive-fda-approval-for-the--treatment-of-ankylosing-spondylitis
https://www.novartis.com/news/media-releases/novartis-receives-two-new-fda-approvals-cosentyx-treat-patients-ankylosing-spondylitis-and-psoriatic-arthritis-us
https://www.novartis.com/news/media-releases/novartis-receives-two-new-fda-approvals-cosentyx-treat-patients-ankylosing-spondylitis-and-psoriatic-arthritis-us
https://www.novartis.com/news/media-releases/novartis-receives-two-new-fda-approvals-cosentyx-treat-patients-ankylosing-spondylitis-and-psoriatic-arthritis-us
https://investor.lilly.com/news-releases/news-release-details/lilly-receives-us-fda-approval-taltzr-ixekizumab-treatment
https://investor.lilly.com/news-releases/news-release-details/lilly-receives-us-fda-approval-taltzr-ixekizumab-treatment
https://investor.lilly.com/news-releases/news-release-details/lilly-receives-us-fda-approval-taltzr-ixekizumab-treatment
https://www.pfizer.com/news/press-release/press-release-detail/us-fda-approves-pfizers-xeljanzr-tofacitinib-treatment-0
https://www.pfizer.com/news/press-release/press-release-detail/us-fda-approves-pfizers-xeljanzr-tofacitinib-treatment-0
https://www.pfizer.com/news/press-release/press-release-detail/us-fda-approves-pfizers-xeljanzr-tofacitinib-treatment-0

Arthritis Care & Research AMERICAN COLLEGE

Vol. 78, No. 7, July 2026, pp 925-935

DOI 10.1002/acr.25693 0{ EEMAF,FOPL[OGY
© 2025 The Author(s). Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology. e U

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited.

A Qualitative Analysis of Patient Perspectives and
Preferences in Lupus Management to Guide
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Objective. A patient-centered approach for chronic disease management, including systemic lupus erythematosus
(SLE), aligns treatment with patients’ values and preferences, leading to improved outcomes. This paper summarizes
how patient experiences, perspectives, and priorities informed the American College of Rheumatology (ACR) 2024
Lupus Nephritis (LN) and 2025 SLE screening, treatment guidelines.

Methods. We completed a cross-sectional qualitative study using content analysis of two Patient Panel meetings
for the ACR LN and SLE guidelines. Key themes were presented by Patient Panel representatives during Voting Panel
Meetings along with evidence for each recommendation, to ensure comprehensive discussions and align treatment
recommendations with patients’ priorities and values.

Results. Nineteen people (90% women) with diagnoses of SLE and/or LN participated in the Patient Panels and
17 consented to use their feedback for analysis. Thematic analysis of their discussions revealed nine patient-reported
key themes in three domains: (1) treatment and monitoring of LN and SLE: medication side effects, daily function, treat-
ment goals, and monitoring and screening; (2) clinical communication: strategies to optimize communication and pro-
vider and structural impediments to effective communication; and (3) improving transparency and information sharing:
clinical trial participation, and medical costs and insurance coverage. These themes were actively incorporated into
discussions during the Voting Panels for the ACR LN and SLE guidelines.

Conclusion. This work supported the integration of patient experiences in the clinical practice guideline develop-
ment process and aligned recommendations with real-world patient experiences and priorities, thereby enhancing
the clinical applicability of the ACR LN and SLE guidelines.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a life-threatening
autoimmune disease, with lupus nephritis (LN) as one severe
manifestation.’™'® SLE and LN are chronic diseases character-
ized by disease flares, heterogeneity in disease severity, and sig-
nificant impact on quality of life."”"® Treatment is commonly
aimed at controlling the disease and minimizing target organ
damage. However, there is discordance between disease activity
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indices and patient reported outcomes, underscoring the impor-
tance of aligning treatment with patients’ values and prefer-
ences.'®?" Incorporating patient perspectives in clinical practice
guidelines can assist in balancing benefits with potential harms
of treatments as well as include patients’ values and prefer-
ences.??72* This approach acknowledges that the lived experi-
ences of individuals with SLE extend beyond standardized
measures and encompass a spectrum of physical, emotional,
and social challenges, and support a patient-centric treatment

Drs. Hiraki and Son contributed equally and are co-senior authors.

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.25693).

Author disclosures and graphical abstract are available at https://
onlinelibrary.wiley.com/doi/10.1002/acr.25693.

Address correspondence via email to Shivani Garg, MD, PhD, at
shivanigargup@gmail.com.

Submitted for publication June 26, 2025; accepted in revised form
October 13, 2025.

925


https://orcid.org/0000-0001-7272-2692
https://orcid.org/0000-0003-2387-5363
https://orcid.org/0000-0003-4597-5023
https://orcid.org/0000-0002-1007-4084
https://orcid.org/0000-0003-1749-5719
https://orcid.org/0000-0001-5639-0210
https://orcid.org/0000-0001-7695-2022
https://orcid.org/0000-0002-6690-8148
https://doi.org/10.1002/acr.25693
https://doi.org/10.1002/acr.25693
https://onlinelibrary.wiley.com/doi/10.1002/acr.25693
https://onlinelibrary.wiley.com/doi/10.1002/acr.25693
mailto:shivanigargup@gmail.com
http://creativecommons.org/licenses/by/4.0/

926

GARG ET AL

SIGNIFICANCE & INNOVATIONS

+ This paper summarizes key themes of patient expe-
riences, perspectives, and priorities to support
shared decision-making and align treatment recom-
mendations in lupus nephritis and systemic lupus
erythematosus guideline development.

+ Three thematic domains emerged: treatment and
monitoring; clinical communication; and improving
transparency and information sharing.

« We highlight strategies to engage patients with
diverse experiences to inform guideline recommen-
dations per patient perspectives.

plan. Finally, including patient voices in clinical guidelines
improves feasibility and acceptability of using guideline recom-
mendations during routine visits.?®

Since 2015, the American College of Rheumatology (ACR)
has prioritized formal patient involvement in guideline develop-
ment.?#?®  Clinical guideline development experts have
highlighted the need to ensure patients’ values are taken into con-
sideration when evidence is systematically evaluated and graded
to make recommendations. The goals of patient engagement in
this setting are to: 1) identify patient values and priorities to inform
clinical practice recommendations, particularly about therapies
that carry potential harms; and 2) foster a collaborative approach
to care, enhance patient engagement and adherence, and pro-
vide a more holistic and patient-centered approach for chronic
disease care.

To inform the 2024 and 2025 ACR guidelines for the screen-
ing, monitoring, and treatment of LN and SLE respectively, the
ACR convened two Patient Panels. The objectives of this manu-
script are to highlight key themes that emerged during the Patient
Panel discussions and illustrate how patient engagement can be
actively incorporated into guideline development.

MATERIALS AND METHODS

Study design. \WWe completed a cross-sectional qualitative
study using content analysis of Patient Panel meetings that were
held to inform ACR LN and SLE guideline development. This
approach has been successfully used in ACR interstitial lung dis-
ease (ILD) and other guidelines to identify complex latent con-
structs that are not easily measured.?*?® The consolidated
Criteria for Reporting Qualitative Research was used to design
this study (Supplementary Table 1).28:2°

Setting and participants. National surveys, recommen-
dations from the ACR SLE and LN guideline committee members,
communications through the Lupus Foundation of America
patient support groups, and previous Patient Panel member lists
were used to identify participants for the Patient Panel meetings.

Patients completed a screening checklist to report their dia-
gnosis, disease type (SLE or LN), disease control (good or partial
control with or without immunosuppressive medicines), rheuma-
tologist, region, and ethnic group. All patients (n = 28) who
reported a diagnosis of SLE with disease type as SLE or LN
regardless of good or partial disease control and not actively fol-
lowed by the clinician facilitators leading the Patient Panel meet-
ings were invited to participate in the Patient Panels. Among all
invited patients, 15 individuals participated in LN panel meeting
and 13 participated in the SLE panel meeting; 9 individuals partic-
ipated in both LN and SLE Patient Panel meetings.?’ In total 19
unique individuals participated in at least one Patient Panel meet-
ing and 17 out of 19 consented for using their feedback to
develop this manuscript. Sample size selection and the number
of focus groups were determined based on prior guidelines, feed-
back from the guideline leadership (Core Team), and expert facili-
tators. Participants for the Patient Panels were purposefully
recruited to represent different cultural, social and ethnic back-
grounds, disease duration, and age of onset to capture different
patient perspectives and values and to ensure that the findings
were generalizable and applicable to different populations with
lupus. Two separate Patient Panels, one for LN and one for SLE,
were convened to identify key themes on patient experiences, val-
ues, perceptions, and priorities.

Patient panel meetings. Three Core Team rheumatolo-
gists (SG, LTH, MBS), supported by two ACR staff members
experienced with ACR guideline development processes (AST
and RP), facilitated the two four-hour virtual Patient Panel meet-
ings. Prior to the virtual meetings, patients received a synopsis of
the evidence that had been compiled to create each guideline.
Additionally, the facilitators created and shared a semi-
structured outline of the topics covered by the recommenda-
tions. Lastly, patients participated in an orientation webinar that
provided information and guidance on interpreting the evidence
report before the Patient Panel meeting. Participants were
encouraged to consider the recommendations in the context of
their preferences, values and priorities in regard to monitoring
and management of SLE or LN. A facilitated discussion started
with open-ended, guiding questions (Supplementary File 1).
The facilitators provided definitions and gave details whenever
necessary. Questions and prompts were kept open-ended by
the facilitators to expand discussion points and engage panel
members. To reduce participant fatigue during the four-hour
Patient Panel meetings, facilitators incorporated scheduled
breaks (every 60 minutes) and participants were encouraged to
take additional breaks as needed. Facilitators also monitored
engagement and ensured equal participation throughout the
meetings.

The Patient Panel meetings were recorded by the ACR team
(AST and RP), and quotes and comments made by Patient Panel
members were documented. Text transcripts were developed
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from the recordings and discussions. All identifiers and identifiable
comments were redacted from the text transcripts. Text tran-
scripts were independently reviewed by the facilitators for accu-
racy and to achieve immersion. Key themes were noted by each
facilitator, and discrepancies in coding and generated themes
were resolved via discussion to enhance trustworthiness and
rigor. Key themes were reviewed with the Patient Panel members
to obtain feedback on the findings. Given this was a secondary
use of de-identified transcripts originally generated for the ACR
guidelines development work, an institutional review board
approval was not required.

Voting Panel meetings. The ACR uses the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) framework during guideline development. GRADE pro-
vided a structured framework for rating the quality of evidence
and determining the strength of recommendations based on a
careful assessment of benefits, harms, and patient perspectives.
The published literature was reviewed by the Literature Review
Team, which also designated the quality of evidence for each rec-
ommendation, per GRADE. This evidence was then presented
during the Voting Panel meetings by the meeting chair and Litera-
ture Review Team leader. The Voting Panel meetings occurred
virtually over two days for LN and over three days for SLE. Two
Patient Panel members were selected to be patient representa-
tives on the Voting Panels for the 2025 ACR SLE and 2024 LN
Guidelines to highlight and share perspectives and key themes
that emerged from the Patient Panel meetings around each rec-
ommendation and/or topic discussed.

During the Voting Panel meetings, the chair presented data
detailing the quality of evidence for each recommendation and
started the discussion by inviting patient representatives to share
their comments. Following detailed discussion, Voting Panel
members, both patients and health care providers, voted on each
recommendation.

Content analysis. Transcripts from Patient Panel meetings
were analyzed using content analysis. Key themes informed the
coding scheme for the content analysis. Content analysis was
performed by two independent reviewers (including 1 facilitator,
SG, and 1 non-facilitator, 1H).28°32 The data were organized
into meaningful thematic clusters pertaining to patient prefer-
ences. Adjustments to the coding scheme were made iteratively
between each reading until thematic saturation was
reached.?6288052  After key themes were generated, the
reviewers and facilitators met to discuss themes and coding.
Using validated qualitative methods, any discrepancies in coding
and generated themes were resolved via discussion and consen-
sus to enhance trustworthiness and rigor. Transcripts were
coded using NVivo software.®® This research triangulation was
employed to enhance credibility of the findings and ensure that
the analysis reflects the full breadth and depth of the data. Using

member checking, we assured that patient preferences were
associated with placement in the respective themes and code
categories. The listed frequencies of each coded theme and sub-
categories within each theme for patient preferences and priori-
ties regarding SLE and LN monitoring and treatment were
summarized in tables. Following this, themes and subcategories
under each theme were ranked in descending order of the listed
frequencies. This step helped us identify highly ranked or high pri-
ority themes and subcategories within each theme. Finally, highly
ranked themes with subcategories within each theme (informed
by their listed frequency) were summarized in final tables included
in this manuscript.

RESULTS

Patient panel member characteristics. Among
19 unique individuals participated (attended) in one or two Patient
Panels, 17 patients provided consent to use their feedback for
analysis and inclusion in aggregate data for this paper; 88% were
female, 55% were Black and 77% had LN (Table 1). Regarding
representation across US geographic regions, 47% of the Patient
Panel members were from the South, followed by 35% from
the East.

Table 1. Summary of patient panel characteristics

Patients
Characteristics (n=17)% n (%)
Age, median (range), in yrs 38 (22-50)
Female 15(88.2)
Race/Ethnicity
Black 9(52.9)
Asian 3(17.6)
White 3(17.6)
Hispanic 2(11.8)
Region
South 8(47.1)
East 6(35.3)
West 3(17.6)
Disease control®
Good control with 1 or more 7(41.2)
immunosuppressive medicines®
Partial control requiring multiple 10(58.8)
immunosuppressive medicines®
Disease experience
Arthritis 16 (94.1)
Skin manifestations 13(76.5)
Lupus nephritis diagnosis 14(82.3)
Lupus affecting blood cell counts 11 (64.7)
Ever requiring hospitalization 9(52.9)
for lupus flare
Serositis 5(29.4)
Childhood-onset lupus 1(5.88)

@ Table shows data from 17 patients who provided consent to use

their feedback for analysis for this manuscript among 19 unique

individuals who attended 1 or more patient panel meetings.
Patient-reported information.

€ Requiring multiple medicines or failed several medicines for lupus.



928

GARG ET AL

Thematic analysis. Across the two Patient Panels for LN
and SLE, four common themes emerged regarding treatment
and monitoring of LN and SLE (Domain 1) including medication
side effects, daily function, treatment goals, and monitoring and
screening (Table 2). Next, two key themes were generated
around clinical communication (Domain 2), including strategies
to optimize clinical coommunication and effective, respectful com-
munication (Table 3). Finally, two themes surfaced around
improving transparency and information sharing (Domain 3),
including clinical trial participation, and medical costs and insur-
ance coverage (Table 4). As described in our methods, common
and key themes were identified based on the ranking informed
by the listed frequency of each coded themes and subcategories
in our content analysis.

Domain 1. Treatment and monitoring of LN and
SLE (Table 2)

Theme 1: Medication side effects. The most common
theme highlighted by Patient Panel members was the negative
impact of treatment on quality of life. A patient taking mycopheno-
lic acid stated that “Food is a big part of [my] background and cul-
ture, and [l] love to cook, so having Gl [stomach] issues [with
medicine] really decreases [my] quality of life... this is important
[to me]...” Additionally, patients noted that balancing side effects
with efficacy is important to them: “Side effects of therapies do
affect quality of life, but | am willing to take all of these side effects
over kidney failure.” Other subcategories that were emphasized
included the impact of treatment on mental health (eg, depres-
sion, suicidal ideation, social withdrawal) and pill fatigue potentially
resulting in nonadherence: “/ have pill fatigue, sometimes | just
can’tdo it... It is mentally overwhelming resulting in pill fatigue...”

Theme 2: Daily function. Maximizing daily function was a
key priority for many patients. The ability to perform required or
valued daily activities, such as cooking, being physically active
with the family, were included under daily function by the patients.
A patient stated, “...My goal is to survive and have the best daily
functioning as possible.” Another patient quoted, “Quality of life
is my number 1 wish, but in reality, this doesn’t seem possible.”
Next, patients prioritized avoiding flares and preventing organ
damage to maintain their daily activities: “Each flare has led to a
major “failure” (eg, loss of sight, going to [the] hospital), so avoid-
ing the flare is most important to me.” An additional theme
emerged regarding including patient preferences on the route of
administration and number of medicines needed to maintain daily
function, “Mode of administration should be considered [...] [Dis-
cuss] what is easier for the patient or preferred by them...”
Another patient mentioned, “Start with one medicine, then add
others, because then you have a better understanding of side
effects and response to each one...”

Theme 3: Treatment goals. Patients discussed that their
main goal was survival, when it was in question. A patient said,
“First priority was survival at time of diagnosis because | was in
[a] coma - so | just wanted to live.” Additionally, patients
highlighted that treatment goals should align with patient values
and change based on disease severity and life phases, focusing
on long-term outcomes as disease progression allows. To elabo-
rate, a patient stated, “In the past, everything was failing, so some
questions were more critical than others. When you are really sick,
your goals are different. You can have other conversations when
your illness slows down a little.”

Theme 4: Monitoring and screening. Patients dis-
cussed the importance of frequent lab monitoring and how helpful
it is to carefully monitor organ function and response to current
therapy. They shared some concerns regarding undergoing inva-
sive procedures (eg, kidney biopsy) but agreed that initial kidney
biopsy for diagnosis was acceptable, assuming that proper seda-
tion and anesthesia were administered: “[I] had a kidney biopsy
and was told that it would hopefully tell that [I] had LN...” How-
ever, most patients were concerned about getting a repeat kidney
biopsy: “I would not likely want to do another biopsy because of
other possible side effects like bleeding. | would only do it again
if there was something going on with...labs or there was some
other clear reason. ” Additionally, patients highlighted that receiv-
ing sedation did improve their overall experience of undergoing
an invasive procedure like kidney biopsy compared to not receiv-
ing sedation or anesthesia. A patient mentioned that “/ was not
sedated and it [kidney biopsy] was painful...”

Domain 2. Themes regarding clinical
communication (Table 3)

Theme 1: Optimizing clinical communication.
Patients suggested several strategies that could improve clinical
care. A highly ranked strategy was supporting shared decision-
making during their disease course to foster trust and built strong
relationships with patients. A patient quoted, “Risks are very dif-
ferent to you over time, so doctors must continue to check in with
their patients regularly over disease course to discuss risks
vs. benefits.” Another patient stated that “Every side effect,
severe or mild, should be discussed...This helps with decision-
making and being prepared.” Additionally, offering a personal-
ized, compassionate, and collaborative team-based approach,
such as including a pharmacist in the care team, was considered
extremely valuable. A patient stated, “My pharmacist also sug-
gested where | could reduce certain medications, all of which
was helpful and made things easier to manage.” Another patient
said, “The best decision depends on the drug sometimes, and
the trust the patient has in their doctor...health care team...”
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Table 2. Domain 1: Treatment and monitoring of systemic lupus erythematosus and lupus nephritis*

Themes

Theme subcategories

lllustrative quotes (1-3)

Theme 1:
Medication side-
effects

Theme 2: Daily
function

Theme 3:
Treatment goals

Impact on quality of life

Balancing side effects vs.
efficacy

Pill fatigue

Maximizing daily function

Avoiding flares

Preventing organ damage

Medicine preferences
(number, route, and

type)

Survival

Aligning treatment with
patient values

Changes based on disease
severity

Changes with age or life
phases

Long—term outcomes

“One of the biggest challenges is fatigue that affects quality of life, which some
medicines worsen, and nothing can be done...”

“Some side effects are unbearable, some are tolerable...I think the discussion should
be personalized based on each patient’s preferences and tolerability...”

“Side effects of therapies do affect quality of life, but | am willing to take all of these
side effects over kidney failure.”

“Prednisone can destroy your bones and teeth [...] but when | am in a flare, | know
prednisone will definitely help me...”

“Sad we're still having this fertility conversation as | am unable to have children
because of the medication [cyclophosphamide] | was given...”

“Immunosuppressives causing infections has also been a big issue. This should be
discussed with patients more regularly.”

“Hydroxychloroquine messed up my vision, but | am back on it now as | need it.”

“I have pill fatigue, sometimes | just can’t do it... It [pill burden] is mentally
overwhelming resulting in pill fatigue.”

“Pill burden is a real problem; providers must remember this and prescribe
accordingly, so patients have as few pills to take...”

“At one point, I was on 14 pills... | am a pre-med student... | just could not do it...”

“..My goal is to survive and have the best daily functioning as possible.”

“Quality of life is my #1 wish but in reality, this doesn’t seem possible.”

“Maximum quality of life... I like to be physically active... | miss time with family...”

“Avoiding a flare is very important to be able to achieve ... normalcy in life.”

“Prevent disease flare because [flare] leads to extreme joint pain, finger swelling,
[and] inability to walk, which affects daily activities.”

“Each flare has led to a major ‘failure’ [loss of sight, going to hospital], so avoiding
the flare is most important to me.”

“Kidney [function] preservation was very important initially and still is today.”

“Protecting organ function is a priority”

“.. lam willing to take all of these side effects over kidney failure...”

“Mode of administration should be considered [...] [Discuss] what is easier for the
patient or preferred by them...”

“Start with one medicine, then add others, because then you have a better
understanding of side effects and response to each one...”

“Pill burden is a real issue... It affects cost and adherence...”

“My goal is to survive...”

“First priority was survival at time of diagnosis because | was in coma - so [ just
wanted to live.”

“Understand the patient as a whole person instead of just a disease [...] Consider ...
[what] communities a person is in... all affect goals of treatment.”

“lwas a med student trying to go into residency. It was scary to think of the
environment | was getting into. There was no discussion about adjusting my
steroids to better manage that risk.”

“Treatment goals depend on the point in the journey, particularly how severe and
active the disease is...”

“At certain levels of illness, | am more willing to accept potential harms, if options are
limited...”

“When you are really sick, your [goals] are different. You can have other
conversations when your illness slows down a little.”

“lwould avoid stomach side effects more when | was younger because | was trying to
go out and socialize. As | get older, 'm worried about risk of infection, so | would sit
at home with stomach issues, if needed...”

“Fertility is also important, as lupus attacks women in their prime; need to discuss
egg preservation as well as other organ damage issues...”

“My kidney function has gotten a lot better, so now | am more concerned about
fertility and cancer risks and considering my quality of life when | am 40 or older”

“Doctors can help by really talking with patients about options and plans that look
ahead and provide hope, especially about stages of treatment to try to achieve
longer-term goals...”

“In the beginning, you're still learning and not worried as much about longer term
outcomes, but they become more important as you go on.”

(Continued)
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Table 2. (Cont’d)

Themes Theme subcategories lllustrative quotes (1-3)
Theme 4: Frequency of blood and “lwatch liver and kidney function carefully. Can't always get organ transplanted.”
Monitoring urine monitoring “I don't mind doing blood work every 3 months, especially if labs are more local to

and screening

me. | don’t prefer to drive 2 hours to do a blood draw.”

“Over the years, | have come to prefer monthly bloodwork, because it educates me to
see my blood levels.”

Invasive procedures (eg,
diagnostic kidney
biopsies)

Repeat invasive
procedures

“Kidney biopsy was the best method to identify [lupus nephritis]...”

“[l] Had a kidney biopsy and was told that it would hopefully tell that [I] had LN...”

“l was put under sedation so [ did not have much issues [with the kidney biopsy]...”

“I' would not likely want to do another biopsy because of other possible side effects
like bleeding. | would only do it again if ... there was a clear reason.”

“If I need a biopsy again, | will have to be convinced that it is vital...”
“| was not sedated and it [kidney biopsy] was painful...”

* Themes arranged from most common to least commonly listed frequency. Only key subcategories with higher listed/coded frequencies for

each theme are shown. LN, lupus nephritis.

Theme 2: Provider and structural impediments to
effective communication. Many patients reported experienc-
ing a significant power differential in their interactions with health
care providers, a dynamic that can be reinforced or even exacer-
bated by the language some providers use. Judgmental commu-
nication, for instance, negatively impacted patients’ mental health
and resulted in mistrust. As one patient advised, “Don’t be judg-
mental, but be curious about why they [the patient] may decline
certain treatment options.” Another patient described the impact
of such communication, stating, “Being dismissive...makes
[a] patient feel worse and less open or willing to listen to their doc-
tor.” Beyond individual interactions, broader negative communi-
cation patterns, such as experiencing structural racism, also
fostered mistrust and negatively affected patients’ feelings and
care. To elaborate, a patient stated, “..patients are often dis-
missed, even more so for people of color and women.”

Domain 3. Improving transparency and
information sharing (Table 4)

Theme 1: Clinical trial participation. Patients
highlighted a need for building trust among communities to
ensure broader clinical trial recruitment and representation from
diverse communities. They recommended that providing more
detailed information about the medication, placebo, inclusion cri-
teria and research outcomes could help build trust. A patient
reported, “Companies should answer questions and explain
things to the community to build trust. Things need to be trans-
lated to communities so you can get them to participate in the tri-
als.” Moreover, patients suggested that the involvement of
patients in clinical trial design and engaging patient advocates as
research coordinators or on research teams could help build trust
and ensure broader representation. A patient stated, “Having
someone from the community who is part of team, is involved
[in] clinical trials, [and] can deliver the information honestly, not
ambiguously, is important to maintain trust of the patients.” A
suggestion was made to offer a visit with a research coordinator

and culturally appropriate materials to reassure possible research
participants and increase participation across communities.
Finally, they shared concerns about discontinuing key therapies
to enroll in clinical trials: “...has brought up research opportuni-
ties, but in some cases, [l] would have had to come off my meds
for 3 months...”

Theme 2: Medical costs and insurance coverage.
Beyond clear communication about their medical conditions and
treatment options, patients strongly emphasized their need for
practical assistance in navigating the complex landscape of health
care costs and insurance coverage. Many expressed feeling over-
whelmed or stressed with managing these financial aspects,
highlighting it as a barrier to accessing and adhering to care, and
had a negative impact on their mental health. For example, one
patient articulated this need clearly, stating, “Doctors must dis-
cuss ALL therapeutic options and their side effects with patients
S0 patients can make their own care plans, especially in context
of their insurance, costs, and more.” Other patients supported
this sentiment and expressed a desire for transparency and part-
nership, where clinicians actively help patients understand the
financial impact of their health care choices. Without support,
patients expressed they may face unexpected out-of-pocket
expenses, struggle to afford prescribed medications or proce-
dures, or even delay or forego necessary care, ultimately impact-
ing their health outcomes and overall well-being. One patient
noted, “Patients are paying for things out of pocket if they have
a high deductible...”

Aligning treatment guidelines and evidence-based
recommendations with patients’ priorities and values.
During the Voting Panel discussions, following the presentation
of the graded evidence for each potential recommendation,
Patient Panel representatives were invited to share the key
themes and patient perspectives that had emerged from the two
Patient Panel meetings. Such discussions helped align guideline
recommendations with patients’ preferences. For example, when
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Table 3. Domain 2: Themes regarding clinical communication™

Themes

Theme subcategories

llustrative quotes (1-3)

Theme 1: Optimizing
clinical communication

Theme 2. Provider and
structural impediments
to effective
communication

Shared decision-making

Showing empathy and
compassion

Multidisciplinary or
collaborative care team
approach

Personalized approach

Offer telehealth and enroll
in pharmacy mail
delivery services

Building trust and rapport

Impact on mental health

Judgmental care team

Structural racism and need
for cultural competency

Mistrust in health care
team and system

Lack of collaborative
approach

“Risks are very different to you over time, so doctors must continue to check
in with their patients regularly over disease course to discuss risks vs.
benefits.”

“A clear discussion and understanding between the doctor and patient to
understand what is being recommended is recommended.”

“Every side effect, severe or mild, should be discussed... This helps with
decision-making and being prepared.”

“This [compassion] is important for treatment success, overall. The doctor
should be genuine and see the whole patient.”

“Emphasizing importance of compassionate care and understanding that
this is a gateway for trust and better outcomes.”

“That [compassionate care] let me know that | didn’t have to stick with a
medication because it ‘worked’, helped be more confident about
speaking up.”

“My pharmacist also suggested where | could reduce certain medications,
all of which was helpful and made things easier to manage.”

“The best decision depends on the drug sometimes, and the trust the
patient has in their doctor... health care team...”

“[Doctors] should refer the patient to mental health specialists, social
worker.”

“ltwould be very helpful to have a referral from the rheumatologist to other
areas where we are affected, like Gl and cardiology.”

“Hopefully, over time, we can get to personalized lupus care with more
precision in the future [...] every patient is different...”

“The doctor should ask what the patient’s most important priority for the
visit s, to address the limited time and to be sure they get to that issue.”

“Having a virtual appointment option is very helpful [...] This has allowed
for better adherence...”

“Virtual appointments mean better control of my disease...”

“Doctors need to emphasize the importance of compassionate care and
understand that this is a gateway for trust and better outcomes.”

“The best decision depends on the drug... and the trust [the] patient has in
[the] doctor...”

“[1] feel hopeless and experience post-traumatic stress disorder for all we go
through with treatments...”

“Mental health is one of the most severe side-effects and should be
assessed...”

“Depression is a basic thing for chronic illness, recognize [this] and do not
be dismissive.”

“Don’t be judgmental, but be curious about why they [the patient] may
decline certain treatment options.”

“Please explain [treatments] and be kind in the way the message is
delivered - ‘this is how we think it will help you’ rather than treating the
patient like a science experiment.”

“Understand the patient as a whole person instead of just a disease such as
the concept of fertility as a Black woman and a person with lupus...”

“Medical school doesn’t teach interpersonal skills, cultural competence,
and intersectionality but should...”

“Education for patients & providers about this [cultural competency]-
patients are often dismissed, even more so for people of color & women.”

“... Some rheumatologists are so focused on the numbers that it’s like the
patient is not even there. This is dismissive, which makes patient feel
worse and less open or willing to listen to their doctor.”

“We [lupus patients] want to know and be assured that we are not
disposable human subjects to pharmaceutical companies.”

“At this stage of my life, thinking about possibly having to go to a facility
several times per week gives me a sense of sadness and grief.”

“Sometimes doctors will send patients to another specialist to deal with
issues that come up, know that the rheumatologist’s referral has more
impact...”

“Pharmacists... | wish we had them there all the time... their input is
valuable.”

* Themes arranged from most common to least commonly listed frequency. Only key subcategories for each theme are shown. Gl,

gastrointestinal.
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Table 4. Domain 3: Improving transparency and information sharing*

Theme 1: Clinical trial Building trust among
participation communities

“Companies should answer questions and explain things to the community to
build trust. Things need to be translated to communities so you can get them to

participate in the trials.”

“I mistrust clinical trials because of the history within the Black community. When
you ask, the doctor or company say they don't know how many Black women
have participated in the trials. People asking people to be involved [in clinical
trials] need to know the details.”

“The rheumatologists who are doing clinical trials don’t always tell all of their
patients that they are doing the trials [...] all potential research opportunities
should be provided to all patients.”

Additional details on
medicines, inclusion
criteria, placebo

“Also, when involved in a clinical trial, the patient doesn't know if they are receiving
the drug or a placebo and could get pulled off the trial mid-way through - so, be
upfront with all relevant details, as all of this creates uncertainty for the patients

involved...”

“The rheumatologists who are doing clinical trials don’t always tell all of their
patients that they are doing the trials”

“Also, need to explain to patients all the details of what the research is about; this
helps with the trust issues.”

Dedicated research
coordinator visits

“Having someone from the community who is part of team, is involved [in] clinical
trials, [and] can deliver the information honestly, not ambiguously, is important

to maintain trust of the patients.”
“Details on what a visit will look like can help...”

Being off therapy

“... has brought up research opportunities, but in some cases, [I] would have had

to come off my meds for 3 months...”

“Back and forth on medicines that needed to be stopped.. Had abnormal PAP...
But then PAP was normal but was on meds again... make sure your
professionals are well trained in their roles so this doesn't happen...”

Theme 2: Medical costs Financial resources
and insurance
coverage
Insurance coverage and

appeals

“Doctors should tell patients about options like copay programs, if available...”
“l try to find other 3rd party networks that can do administration of drugs.”

“Patients are paying for things out of pocket if they have a high deductible...”
“Insurance doesn't always want to pay for MRIs or CT scans... sometimes it is

covered better if recommended by rheumatologists...”

Transparency of cost

“Doctors must discuss ALL therapeutic options and their side effects with patients

so patients can make their own care plans, especially in context of their
insurance, costs, and more.”

“I do agree, there should be cost transparency. However, sometimes the
rheumatologist has limited time, so this doesn’t happen as much as it could.”

Patient and provider
advocacy

“Tell the patient about options so they know they are there, and tell them you will
advocate for them with the insurance company, if needed.”

“Rheumatologists should try to help patients. Don't disregard or not recommend
something just because the doctor assumes [their] insurer won't cover.”

* Themes arranged from most common to least common listed frequency. Only key subcategories for each theme are shown. CT, computer-

ized tomography; MRI, magnetic resonance imaging.

discussing repeat kidney biopsy to monitor treatment response,
the panel heard a strong patient preference to limit invasive proce-
dures, or at least to have a dedicated discussion on the specific
benefits of repeating the biopsy versus empiric treatment escala-
tion. Giving primacy to patient preferences likely influenced the
voting on guideline recommendations.

In several instances during the Voting Panel meetings, physi-
cians and patients worked together to clarify recommendations
on complex topics, such as glucocorticoid use, balancing treat-
ment efficacy with side effects, tailoring treatment per individual
patient priorities, life phase, and values. For example, there was
substantial variability regarding glucocorticoid dosing and taper-
ing among the physician Voting Panel members. A nuanced dis-
cussion between physicians and Patient Panel representatives
highlighted the need to minimize glucocorticoid exposure over

time to limit side effects. However, Patient Panel representatives
also conveyed their willingness to accept higher doses of gluco-
corticoids to gain disease control, provided that the benefits and
harms were thoroughly discussed and a clear tapering plan was
established.

Next, discussions highlighted the importance of contextualiz-
ing therapeutic choices within patients’ broader life circum-
stances, including life stage and family planning. The Voting
Panel’s guidance to favor mycophenolate over cyclophospha-
mide, or to use the Euro-Lupus low-dose cyclophosphamide reg-
imen if cyclophosphamide was deemed necessary, directly
addresses the significant concerns raised by both physicians
and Patient Panel members regarding the potential for
cyclophosphamide-induced infertility. This approach moves
beyond simply treating the primary condition (SLE or LN) and
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demonstrates a patient-centered commitment to proactively miti-
gate long-term impacts on reproductive health and future family
planning desires. It’s a clear example of how broader therapeutic
strategies must thoughtfully weigh treatment efficacy alongside
individual patient priorities and life goals during different stages
of life (eg, during reproductive years), ensuring that counseling
and treatment choices support not just immediate health needs
but also long-term quality of life and personal aspirations.

The systematic approach that was adopted to align guideline
recommendations with the Patient Panel’s feedback informed our
conceptual framework (Figure 1). This framework or approach
can be used by other groups to develop clinical practice guide-
lines and potentially better align care with patient values and
preferences.

DISCUSSION

This study summarizes the processes employed to identify
and incorporate patients’ experiences, perspectives, and priori-
ties in the development of ACR LN and SLE screening, monitoring
and treatment guidelines. These themes that arose from those
discussions included input from Patient Panel members who par-
ticipated on the Voting Panel, and were pivotal for aligning final
guideline recommendations with patient perspectives, priorities,
and values. Additionally, this work underscores the importance
of tailoring treatment choices with patients’ broader life circum-
stances, including life stage—recognizing that these will change
over time so should be continually reassessed. Finally, integra-
ting patient experiences helped broaden perspectives of the
Voting Panel and develop treatment and management recom-
mendations based on real-world patient experiences, enhancing

the clinical applicability of LN
recommendations.

Engaging patients in developing treatment and management
guidelines is important.3* Several studies have explored patient
experiences in SLE and LN.'%19353¢ yet, this work was distinct
as it was one of the first to directly integrate patient perspectives
and patient members in the voting process to inform clinical
guideline development aligned with real-world patient experi-
ences for SLE and LN.%"*® Many previous efforts have docu-
mented patient priorities separately or retrospectively; our
approach established a partnership where patient-defined
themes actively shaped recommendation discussions in real-
time. This work adapted an approach used by the 2023
ACR/CHEST ILD and other ACR guidelines to gather patient val-
ues and perspectives and integrate them into the Voting Panel
decision-making instead of only independently reviewing popula-
tion, intervention, comparator, and outcomes (PICO) questions
with the Patient Panel.2® This approach helped our team gather
and share perspectives that spanned multiple PICO questions
and clinical scenarios, including challenging and complex topics
like family planning and treatment choices, personalized care,
building trust, and effective, respectful communication. Moreover,
the diversity of our Patient Panel, encompassing varied racial and
ethnic backgrounds, socioeconomic statuses, and disease expe-
riences and durations, was a strength. This heterogeneity likely
contributed to the richness and breadth of themes identified, par-
ticularly concerning structural racism and health care access dis-
parities, which may be less prominent in some cohorts.

The themes emerging from our panel resonate with much of
the existing literature on patient experiences with chronic iliness,
including the significant burden of treatment side effects, the

and SLE guideline

1

[ Step 1. Patient Engagement ‘
Convene diverse patient
panels

~

N
N
/,

4 E

Step 5. Dissemination
Deliver clinical
recommendations aligned with

Ensuring Patient-Centeredness in
Guideline Development Process

Step 2. Patient Perspectives
Analyze transcripts to identify
key perspectives & themes

| patientvalues & priorities b
\
~
Step 4. Informed Voting
Ensure both patients and
clinicians have consensus on
each recommendation
X 4

J

4 . N
' Step 3. Share Patient
Perspectives during Voting
Patient representatives share key
perspectives with GRADE
\__evidence for recommendations_/.

Figure 1. A framework to ensure the development of patient-centered approach in clinical guideline development and potential improving clini-

cal care.
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desire for shared decision-making, and challenges with health
care communication.'®"®35%¢ particularly, patients highlighted
the importance of survival as the key priority and tailoring treat-
ment per individual patient preferences, life phases, and disease
severity using a multidisciplinary, team-based approach.26-3°-41
This highlights the importance of ongoing communication sup-
ported by shared decision-making strategies to ensure that man-
agement is aligned to patients’ evolving priorities based on
disease severity and life phases.?%*?*3 The emphasis on preserv-
ing organ function to prolong survival and improve quality of life
while minimizing medication side effects reflected a desire of
patients to support their overall well-being and ensure better
long-term outcomes and survival. The explicit linkage of these
patient-articulated needs to the formulation of guideline recom-
mendations distinguishes this study and provides a clear pathway
for translating patient voices into actionable clinical guidance.

Additionally, effective communication and a strong patient-
physician relationship were noted as crucial elements of patient-
centered care. Further, cost and insurance issues were widely
acknowledged, and our findings underscore the profound need
for proactive, clinician-guided navigation of these complexities, a
theme that may be particularly pronounced in the US health care
context represented by our panel.*4~*"

Our study had a number of strengths including having a
diverse group of Patient Panel participants, and the triangulation
of data sources to enhance credibility and rigor. We also acknowl-
edge some study limitations. First, although our Patient Panel
included multiple perspectives, certainly not all possible perspec-
tives were included. Second, it is important to consider that the
experiences and challenges highlighted by patients, particularly
those related to navigating care and costs, may be significantly
influenced by the specific structure and complexities of the US
health care system, and the regions of the United States with
higher representation in the Patient Panels (eg, 47 % of the Patient
Panel members were from the South followed by 35% from the
East). Consequently, some findings may have limited generaliz-
ability to patient experiences in countries with different health care
models. Third, the data on the duration of disease (SLE or LN) and
history of being on dialysis or undergoing a kidney transplantation
were not collected. Therefore, some patient perspectives could
have been missed in our analysis and could limit generalizability
of our findings. Finally, significant differences in patient perspec-
tives were not identified among patients with and without
LN. However, it is important to note that majority of patients
(77%) had LN. Therefore, future research should further explore
these differences, particularly in patients without LN who have a
less aggressive disease course and may be on less
immunosuppression.

In conclusion, this study provides valuable insights into the
experiences, perspectives, and priorities of patients with SLE
and LN. The findings underscore the importance of patient-cen-
tered care, effective communication, and addressing systemic

barriers using multidisciplinary team-based and patient-centered
approaches. By integrating patient perspectives into guideline
development, we can continue towards a truly collaborative and
patient-centered approach for people with LN and SLE.
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Objective. Low preoperative cardiorespiratory fitness is associated with poorer functional and subjective recovery fol-
lowing hip or knee arthroplasty. The objective of this study was to evaluate the ability of simple, indirect assessment tools
(the Duke Activity Status Index, daily step count, and timed up and go test) to estimate directly measured cardiorespiratory
fitness and identify patients with low preoperative fitness (<15 mL/kg/min) among those with severe hip or knee osteoarthritis.

Methods. Ninety-one patients with severe hip or knee osteoarthritis who were scheduled for total joint arthroplasty were
recruited. Within 1 week before surgery, participants performed symptom-limited maximal cardiopulmonary exercise testing,
the Duke Activity Status Index questionnaire, accelerometry to determine daily step count, and the timed up and go test.

Results. All three indirect tools provided strong estimates of peak oxygen consumption (VO,) (? = 0.61). The Duke
Activity Status Index slightly underestimated peak VO, by 0.9 mL/kg/min. All three metrics performed strongly in their
ability to accurately identify patients without a peak VO, < 15 mL/kg/min; however, their accuracy to positively predict

peak VO, > 15 mL/kg/min was only fair.
Conclusion. These simple, practical, cost-effective tools have utility for estimating preoperative fitness to rule out
low fitness. These tools could be used by perioperative clinicians for identifying patients who may not require preoper-

ative cardiopulmonary exercise testing, thereby optimizing resource allocation.

INTRODUCTION

Cardiorespiratory fitness is a measure of the integrated capacity
of the cardiovascular, respiratory, and muscular systems to use and
deliver oxygen to the working muscles and remove metabolites dur-
ing exertion.’? Cardiorespiratory fithess is recognized as a clinical
vital sign,® and as such, it functions as a predictor of risk for develop-
ing cardiovascular and metabolic diseases as well as some cancers
and psychological disorders.*® It is playing an increasingly important
role in preoperative evaluation of patients because of its utility identify-
ing patients at higher risk of surgical complication.'®'" Given this
context, it is imperative that cardiorespiratory fithess can be mea-
sured or estimated easily, accurately, and reliably.

Cardiorespiratory fitness can be assessed either directly or

indirectly, depending on whether oxygen consumption (\702) is
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measured or predicted from a surrogate such as work rate. Car-
diopulmonary exercise testing (CPET), a direct measure of cardio-

respiratory fitness that involves direct measurement of VO, and
usually to maximal exertion, is considered the “gold stan-
dard.”'%12 Despite its strengths, it is a very resource-intensive
form of assessment, requiring specialized and expensive equip-
ment, skilled personnel (eg, an exercise physiologist, sometimes
with clinical oversight), and 30 to 60 minutes to perform the test.
It is also onerous for patients. Furthermore, accurate measures
are frequently not possible in patients with physical or psycholog-
ical limitations that prevent a true “maximal” effort.

There are also indirect measures of cardiorespiratory fitness,
such as maximal or submaximal exercise tests, (eg, exercise toler-
ance testing or the YMCA cycle test) in which select physiological
measures are collected and used to estimate fitness. Although this
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SIGNIFICANCE & INNOVATIONS

+ The Duke Activity Status Index (DASI) questionnaire
showed excellent agreement with directly mea-
sured peak oxygen consumption (VO,), demon-
strating its potential as a reliable nonexercise
estimate of cardiorespiratory fitness.

« DASI, daily step count, and the timed up and go
(TUG) test all had high negative predictive value,
effectively identifying patients unlikely to have very
low fitness (peak V0O, <15 mL/kg/min).

+ Combining estimated fitness measures (DASI, step
count, or TUG) with clinical and demographic data
significantly improved the prediction of peak VO,
offering a low-cost, accessible alternative to cardio-
pulmonary exercise testing.

approach can have a lower cost and generally does not require
expensive equipment or the same level of physiologist/clinical over-
sight, the error associated with many cardiorespiratory fitness esti-
mates is too large to be of practical value (>20% difference
between estimated and directly measured peak \702).13

Osteoarthritis is the most common joint disease, with an esti-
mated prevalence of 151 million worldwide, and is increasing at
2% per annum.'*® Patients living with lower-limb osteoarthritis
on average have 30% lower cardiorespiratory fitness than age-
and sex-matched healthy controls.'® Low peak VO, is associated
with poorer functional and subjective recovery following hip or
knee arthroplasty.'” For example, a single-center observational
study found that patients scheduled for hip or knee arthroplasty
with a preoperative peak VO, < 15 mL/kg/min had significantly
poorer functional and subjective recovery at 6 weeks after the
operation.'” Specifically, less fit patients performed approximately
50% (n = 5) fewer sit to stand reps in a 30-second test, took
approximately 60% (n = 3,500) fewer daily steps, and were approx-
imately 2 seconds slower during the timed up and go (TUG) test at
6 weeks after the operation; they also had poorer perceived surgi-
cal recovery at 7 days and 6 weeks after the operation. Despite this
prognostic significance, objectively assessing preoperative fitness
in this population remains difficult as conventional exercise testing
can be painful, time-consuming, or infeasible for some patients.
Developing practical and accurate ways to identify patients with
low cardiorespiratory fitness could enable targeted prehabilitation
or optimization strategies, with the potential to improve both clinical
and subjective postoperative outcomes.

Three simple alternative methods have been shown to corre-
late with peak VO, and show potential to be used in routine clini-
cal practice. The Duke Activity Status Index (DASI) is a reliable
12-question survey for estimating peak VO,, making it an inex-
pensive, quick, and easily administered method for estimating fit-
ness. Previous work has shown it to correlate well with directly

measured peak VO, (ie, via CPET) in healthy adults (- = 0.80),®

and it has strong prognostic validity in multiple cohorts.'®2°

Accelerometry (eg, daily step count) is an objective measure of
physical activity that is correlated with peak VO, and has been
associated with postoperative complications?' 2% in gastrointesti-
nal surgery patients. The TUG test is another quick and easily per-
formed clinical test, relying on only simple equipment that all
clinical spaces would have access to (chair, marker, and stop-
watch).2* Although the TUG test was originally developed to
assess mobility, balance, and walking ability and to identify indi-
viduals at increased risk of falls, there is a negative correlation
between TUG time and both peak VO, and the anaerobic thresh-
old in older adults.?® Furthermore, performance in the TUG test is
associated with postoperative complications and 1-year mortality
in patients undergoing colorectal or cardiac surgery.2®

It is unclear how well these measures correlate with directly
measured cardiorespiratory fitness in patients with end-stage hip
and knee osteoarthritis who experience significant exercise limita-
tions. Therefore, the purpose of this study was to (1) determine
whether estimated peak VO, from the DASI provides a valid
approximation of directly measured peak VO, (ie, via CPET);
(2) evaluate the relationship of DASI, daily step count, or TUG time
with directly measured peak VO, and anaerobic threshold; and
(3) evaluate the ability of these tools to identify patients with low
preoperative cardiorespiratory fitness in patients with severe hip
or knee osteoarthritis.

PATIENTS AND METHODS
Study design and ethical approval

This was a secondary cross-sectional analysis of a previously
published multiarm, parallel design, randomized, controlled trial.2”
The original study was a 12-week prehabilitation study comparing
high-intensity interval training, hot-water immersion, or home-
based exercise on preoperative fithess, health, and physical func-
tion; the data used in this secondary analysis were collected at
baseline (ie, before randomization for prehabilitation). This study
was registered with the Australia New Zealand Clinical Trial Regis-
try (ACTRN12618001358235), and ethical approval was granted
by the Health and Disability Ethics Committee of New Zealand
(ref: 18/NTA/148). Written, informed consent was obtained for all
participants, and all procedures conformed to the standards set
by the Declaration of Helsinki.

Participants

Eligible patients with end-stage hip or knee osteoarthritis
were identified from the arthroplasty waiting list at Dunedin Public
Hospital (Dunedin, New Zealand) between September 2019 and
April 2021. Participants who were scheduled to have surgery
within 4 months and able to attend the study location for the
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purposes of the original trial were recruited. Participants who pro-
vided informed consent were medically screened for study partic-
ipation by an anesthetist or cardiologist. Participants were
excluded if they met any of the following criteria: (1) a contraindi-
cation to non—physician-supervised maximal exercise testing,®
(2) stable or unstable angina, (3) a recent myocardial infarction
(ie, <8 months before), (4) an implantable cardioverter defibrillator
or pacemaker, (5) revision arthroplasty, (6) staged bilateral total
joint replacement, (7) pathology limiting upper-limb exercise (ie,
shoulder-joint osteoarthritis), (8) living outside the study area or
unable to regularly attend study sessions, and (9) any other med-
ical condition deemed a significant risk to study participation.

Experimental design

Screened participants completed a single assessment ses-
sion. Ethnicity was self-reported, and participants could select
more than one; an option for “other” with free text was available.
Height (stadiometer; Wedderburn  WS-HRP,  Auckland,
New Zealand), body mass (scales; Seca, Hamburg, Germany),
and resting supine blood pressure (methods described else-
where®®) were measured before performing a symptom-limited
incremental CPET. All testing was performed on either an electro-
magnetically braked cross trainer or arm ergometer (dependent
on participant tolerance, mobility, and joint pain). Participants
completed a 3- to 5-minute warm-up before exercise intensity
was increased 5 to 20 W every minute until volitional fatigue, aim-
ing for an exercise duration of 8 to 12 minutes; tests were termi-
nated by the supervising researcher if any termination criteria
were present (eg, onset of complex arrythmia, moderate-
to-severe angina, or participant desire to stop).%° After a rest fol-
lowing the CPET, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) was completed to characterize
osteoarthritis severity.®! Participants completed the DASI ques-
tionnaire, which was scored with the point value for all “yes”
answers summed. Peak VO, was estimated using the equation
DASI score x 0.43 +9.6."8 Participants then performed the TUG
test using a 43-cm high chair (without arm rests) and a cone
placed 3 m directly in front of the chair.>* On the command
(“go”), the timer started and participants stood up and walked
(without walking aids) as quickly as possible around the cone
and returned to the chair; the timer was stopped when the partic-
ipant was seated. Lastly, participants were provided with an
accelerometer (activPAL3c; Glasgow, Scotland) that was fitted
anteriorly at the mid-thigh using Hypafix tape and worn for the fol-
lowing 7 consecutive days.

Standardization

Testing was conducted in a climate-controlled room (mean +
SD temperature: 22 + 0°C at 42 + 10% relative humidity).

Participants were asked to abstain from moderate- or high-
intensity exercise for 24 hours before, alcohol and caffeinated
beverages for 12 hours before, and cigarette smoking for 4 hours
before the assessment session. Participants were reminded to
take their medication as prescribed.

Data analysis

Breath-by-breath data from the CPET were exported from
the software package (Quark CPET v1.6.7; COSMED) as a
20-second average to aid interpretation. All CPET analyses were
performed in duplicate independently by two researchers (BHR
and HAC). The maximum 20-second average value was used to
determine peak VO, for each participant. The V-slope method
was used to determine anaerobic threshold,'?32 and this was
confirmed using plots of ventilatory efficiency and end-tidal car-
bon dioxide and oxygen as functions of V0,. 12 Accelerometry
data were downloaded from the device and analyzed using man-
ufacturer software (PALbatch v8.10; PAL Technologies, Glas-
gow, Scotland).

Statistical analysis

GraphPad Prism (version 10.1.1 for Mac; Boston, MA, USA)
and SPSS (version 30.0.0; Chicago, IL, USA) were used for statis-
tical analysis. This analysis was a secondary analysis of a pro-
spective cohort, therefore no a priori sample size calculation was
performed. Instead, we report effect estimates with 95% confi-
dence intervals (Cls) and provide post hoc detectable-effect cal-
culations to indicate the precision and power of the available
sample. Descriptive data are expressed as mean + SD or number
(proportion). Normality was assessed using the Shapiro-Wilk test,
and variables that violated this assumption were log-transformed
before analysis. Univariate analysis of variance was used to com-
pare continuous variables between the hip and knee arthroplasty
groups and to compare estimated peak VO, (via the DASI) and
directly measured peak VOy; bias and 95% limits of agreement
were also assessed using a Bland-Altman plot. Simple linear
regression and Pearson correlation coefficients were used to
explore associations between estimated peak VO (via the DASI),
daily step count, or TUG time and directly measured peak VO,
and anaerobic threshold. To aid in the interpretation of the corre-
lation coefficients, 0.9 to 1.0 was considered a very high correla-
tion, 0.7 to 0.9 high correlation, 0.5 to 0.7 moderate correlation,
0.3 10 0.5 low correlation, and 0.0 to 0.3 negligible correlation.®®
Multiple linear regression assessed the combined predictive
capacity of the DASI questionnaire, daily step count, and TUG
time on peak VO,. These analyses were adjusted for age, sex,
body mass index (BMI), and osteoarthritis severity (ie, WOMAC

score), chosen based on their potential influence on peak VO,
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while mitigating multicollinearity concerns. EasyROC** was used
to generate area under the receiver operating characteristic curve
(AUROC), which assessed the capacity of estimated peak VO,
via the DASI, daily step count, and TUG time to stratify partici-
pants into low and normal fitness groups based on previously
defined thresholds in noncardiac surgery patients (ie, peak VO,:
15 ml/kg/min; anaerobic threshold: 11 mL/kg/min'"; no previ-
ously defined thresholds available for total joint arthroplasty
patients). The Youden index determined the optimal cut-off
points. Sensitivity, specificity, positive and negative predictive val-
ues, and likelihood ratios were calculated for each cut-off point.

RESULTS

Ninety-one participants (54% female) completed the assess-
ment session and were included in this study (Figure 1; Table 1).
Total hip arthroplasty participants had greater osteoarthritis

impact (ie, WOMAC: +8; 95% Cl 1-15) and were slower on the
TUG test (+2.4 seconds; 95% Cl 0.3-4.4) compared with total
knee arthroplasty participants.

Directly measured and estimated peak VO,

No CPETs were stopped prematurely because of the pres-
ence of any termination criteria. Participants awaiting hip or knee
arthroplasty had similar cardiorespiratory fithess, whether directly
measured or estimated via the DASI (P > 0.825; Table 1). Fifteen
(87%) and 13 (26%) participants awaiting hip or knee arthroplasty
had peak VO, < 15 mL/kg/min. The DASI tended to underesti-
mate peak VO, by a mean of 0.9 mlkg/min (95% Cl —2.1 to
0.4; P =0.187) (Figure 2). This bias was similar for patients await-
ing hip (-=1.0 mL/kg/min; 95% CI -10.0 to 12.0) and knee (-0.8
mL/kg/min; 95% Cl —12.0 to 13.1) arthroplasty.

Eligible patients invited to participate (n=433)

Excluded (n=340)

* Already exercising (n=14)
* Perceived too painful (n=10)

* Unable to contact (n=51)
* Medically contraindicated (n=37)

* Surgery scheduled (n=44)

provided by patient (n=67)
* Other (n=6)

* Lack of time / work commitments (n=10)

* Unable to travel to testing site (n=37)

* OQutside study geographic limit (n=64)

* Notinterested / No specific reason

A4

Participants consented (n=93)

Excluded (n=2)
* Withdrew consent (n=1)

* Participant lost accelerometer (n=1)

Y

Completed assessments (n=91)

Figure 1.

Study flow diagram.
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Table 1. Descriptive statistics of participants*

Variable Overall (N =91) THA (n = 41) TKA (n = 50)
Age, mean (SD), y 68 (9) 69 (10) 68 (9)
Male/female sex, n (%) 41 (46)/50 (54) 19 (46)/22 (54) 22 (45)/28 (55)
BMI, mean (SD), kg/m? 32.1(6.8) 30.1 (5.1) 33.8(7.6)
Ethnicity, n (%)
NZ European/European 86 (93) 39 (95) 47 (92)
Maori 5(5) 2 (5) 3(6)
Cook Island Maori () 0 1)
African 1(1) 0 1(2)
Comorbidity, n (%)
Asthma/COPD 18 (20) 7 (14) 11 (19)
CvD
Previous myocardial infarct 9(10) 4(8) 5(10)
Atrial arrhythmia 4.(4) 2(4) 2(4)
Previous stroke 5(5) 3(6) 2(4)
Dyslipidemia 38 (41) 15(29) 23(45)
Hypertension 60 (65) 25 (49) 35(69)
Obesity 50 (54) 18 (44) 32 (63)
Diabetes mellitus/prediabetes 17 (18) 8(16) 9(18)
Physiologic variables, mean (SD)
Relative peak VO,, mL/kg/min 18.7(6.9) 18.5(6.3) 18.9(7.3)
Absolute peak VO, L/min 1,656 (645) 1,572 (585) 1,724 (688)
DASl-estimated peak VO,, mL/kg/min 17.8 (4.5) 17.6 (4.7) 18.0(4.4)
Anaerobic threshold, mL/kg/min 12.3(4.5) 12.13.7) 12.5(5.0)
SBP;est, MM Hg 129 (13) 130 (14) 128 (13)
DBPest, mm Hg 77 (7) 76 (7) 78 (7)
Daily steps 6,066 (3,218) 5,920 (3,351) 6,183 (3,136)
TUG(s) 10.6 (4.5) 11.9 (4.9) 9.5(3.9)
Questionnaires, mean (SD)
DASI-estimated peak VO, mL/kg/min 17.8(4.5) 17.6(4.7) 18.0(4.4)
DASI score 19.4(10.3) 19.2(10.7) 19.6 (10.0)
WOMAC 58 (17) 62 (16) 54 (16)

* Continuous variables were compared between THA and TKA participants using univariate analysis of variance.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; DASI, Duke
Activity Status Index; DBP,s, resting diastolic blood pressure; NZ, New Zealand; peak VO,, peak oxygen consump-
tion; SBP,.s, resting systolic blood pressure; THA, total hip arthroplasty; TKA, total knee arthroplasty; TUG, timed up

and go; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Correlation and regression analysis: preoperative

peak V0, and the anaerobic threshold with DASI,
daily step count, and TUG test

Both criterion measures of fitness (ie, peak VO, and the
anaerobic threshold) showed similar correlations for all three sur-
rogate measures (Table 2; Supplementary Figures S1 and S2;
Supplementary Table S1). The highest correlation (r = 0.56; 95%
Cl 0.39-0.69) was observed between preoperative peak VO,
and preoperative daily step count. In regression analysis, every
additional 1,000 steps/day was associated with approximately a
1 ml/kg/min higher peak VO, (? = 0.32). The predictive
ability of daily step count was approximately doubled ( = 0.62)
(Supplementary Table S2) with the inclusion of age, sex, BMI,
and osteoarthritis severity (e, WOMAC score) in the model
(Figure 3).

Peak VO, was moderately correlated with the predicted
value from DASI (r = 0.50; 95% CI 0.33-0.64). Correlations were

similar between hip and knee arthroplasty participants for

estimated peak VO, (r = 0.49 and 0.52, respectively)
(Supplementary Table S1) and total step count (r = 0.51 and

0.59, respectively) with directly measured peak VO,. Almost
two-thirds of the variability in peak VO, was accounted for within

a multiple regression incorporating estimated peak VO, from the
DASI, age, sex, BMI, and WOMAC score (? =0.63).

ROC curve

Diagnostic performance of the DASI questionnaire, daily step

count, and TUG test for predicting a peak VO, < 15 mL/kg/min or
anaerobic threshold < 11 mL/kg/min are outlined in Table 3.

DASI. AUROC for estimated peak VO, from the DASI ques-

tionnaire to predict a directly measured peak VO, < 15 ml/kg/
min and anaerobic threshold < 11 mlL/kg/min was 0.74 for both.
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Mean difference - 0.9 mL'min™"kg"

Difference between peak VO,
and estimated peak VO, (mL'min"kg™)
o
s
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Average of peak VO, and
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Figure 2. Bland-Altman analysis (mean difference and 95% limits of agreement [blue shaded area]) between directly measured and estimated
peak VO, from the Duke Activity Status Index questionnaire (ml/kg/min). The solid line represents the mean bias (-0.9 mL/kg/min), and the
shaded area shows the 95% limits of agreement, illustrating that the Duke Activity Status Index slightly underestimates peak VO, with acceptable
individual variability. Peak \702, peak oxygen consumption.

Table 2. Pearson correlation coefficient and simple linear regression analysis of preoperative peak VO, and anaerobic thresh-
old with other preoperative assessments*

Correlation coefficient, Standardized
Predictors r(95% Cl) Slope coefficient  y-intercept  r#  Pvalue
Peak VO,
Daily step count 0.56 (0.39to 0.69) 0.001 0.572 11.41 032 <0.001
TUG test -0.55(-0.69to -0.37) -0.83 -0.573 27.00 0.30 <0.001
DASI-estimated peak VOZI mL/kg/mm 0.50(0.33t0 0.64) 0.77 0.508 490 0.25 <0.001
Anaerobic threshold
Daily step count 0.45 (0.27 to 0.60) 324 0.449 2,085 020 <0.001
TUG test -0.46 (-0.62 to —0.26) -0.45 -0.506 16.59 021  <0.001
DASI-estimated peak VOZ/ mL/kg/mm 0.48 (0.30to 0.63) 0.001 0.480 8.50 0.23 <0.001

* Preoperative peak VO, or anaerobic threshold were used as the predictor. Cl, confidence interval; DASI, Duke Activity Score
Index; peak VO,, peak oxygen consumption; TUG, timed up and go.

Peak VO, = 51.28 + 0.283 x (estimated peak VO, via DASI) + 5.177 x (1 if male; 0 if female)
-0.334 x (Age) -0.412 x (BMI) -0.066 x (WOMAC score)

Peak I'/'O2 =51.33 + 0.0004 x (daily step count) + 5.165 x (1 if male; 0 if female) -0.298 x (Age)
-0.356 x (BMI) =0.085 x (WOMAC score)

Peak V0, =56.91 + 5.116 x (1 if male; 0 if female) -0.301 x (Age) -0.404 x (BMI) -0.067 x
(WOMAC score) -0.304 x (TUAG time)

Figure 3. Multiple regression equations to predict peak VO, using estimated peak VO, (via DASI) or daily step count or TUAG time, with sex,

age, BMI, and WOMAC score. BMI, body mass index; DASI, Duke Activity Status Index; peak VO,, peak oxygen consumption; TUAG, timed
up and go; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Table 3. Diagnostic performance of the DASI, daily step count, and TUG test time for predicting peak VO, < 15 ml/kg/min and
anaerobic threshold < 11 mL/kg/min*

Peak VO, < 15 mL/kg/min

Anaerobic threshold < 11 mlL/kg/min

Variable DASI Daily step count TUG DASI Daily step count TUG
AUROC 0.74(0.74-0.85) 0.84(0.76-0.92) 0.84(0.76-0.92)  0.74(0.64-0.84) 0.76 (0.66-0.86) 0.79 (0.69-0.88)
Threshold 173 5181 9.7 185 5,009 8.6
Sensitivity ~ 0.84 (0.66-0.95) 0.87 (0.63-0.84) 0.77(0.69-0.96)  0.85(0.70-0.94) 0.70(0.54-0.83) 0.75(0.59-0.87)
Specificity ~ 0.66 (0.53-0.78) 0.71(0.59-0.82) 0.79(0.67-0.88)  0.60 (0.46-0.74) 0.76 (0.62-0.86) 0.70(0.56-0.82)
PPV 0.55(0.42-0.81) 0.59 (0.45-0.85) 0.65(0.50-0.84)  0.62 (0.48-0.83) 0.68 (0.53-0.82) 0.65 (0.50-0.81)
NPV 0.89 (0.76-0.94) 0.92 (0.80-0.95) 0.88(0.75-0.93)  0.84(0.69-0.91) 0.77 (0.62-0.87) 0.79 (0.64-0.88)
PLR 2.5(1.7-3.6) 3.0(2.0-4.6) 3.7(2.2-6.2) 2.1(1.5-3.1) 2.85(1.71-4.77) 2.5(1.6-3.9)
NLR 0.24 (0.11-0.56) 0.2 (0.1-0.5) 0.29 (0.15-0.56)  0.25(0.12-0.54) 0.40 (0.24-0.65) 0.4 (0.2-0.6)

* DASI, Duke Activity Score Index; NLR, negative likelihood ratio; NPV, negative predictive value; peak VO,, peak oxygen consump-
tion; PLR, positive likelihood ratio; PPV, positive predictive value; AUROC, area under the receiver operating characteristic curve;

TUG, timed up and go. Data are absolute value or value (95% ClI).

The DASI questionnaire had optimal cut-off points of 17.3 mL/kg/
min and 18.5 mL/kg/min. Both cut-offs had good negative pre-
dictive values (0.84 and 0.89), however, positive predictive values
were low (0.55 and 0.62).

Daily step count. AUROC for daily step count to predict
peak VO, < 15 mL/kg/min was 0.84 (95% CI 0.76-0.92) and to
predict anaerobic threshold < 11 mlL/kg/min was 0.76 (95% ClI
0.66-0.86). A daily step count of 5,181 steps/day was the optimal
cut-off point for predicting directly measured peak VO, < 15 ml/
kg/min and 5,009 steps/day for anaerobic threshold < 11 mL/kg/
min. At these thresholds, daily step count demonstrated a high
negative predictive value (0.92 for peak VO, and 0.77 for anaero-
bic threshold) but only modest positive predictive values (0.59
and 0.68, respectively).

TUG test. AUROC for the TUG test to predict peak VO, <
15 ml/kg/min was 0.84 and 0.79 for anaerobic threshold
< 11 ml/kg/min. A TUG test time slower than 9.7 seconds was
the optimal cut-off point for peak VO, and 8.6 seconds for anaer-
obic threshold. The peak VO, cut-off had a high negative predic-
tive value (0.88), however, positive predictive values were low for
both (0.65).

DISCUSSION

The DASI questionnaire provided an excellent estimate of
directly measured peak VO,. The DASI, daily step count, and
TUG test all performed strongly in their ability to accurately identify
patients who did not have a peak VO, < 15 mL/kg/min (ie, high
negative predictive value); however, their accuracy to positively
predict peak VO, <15 mL/kg/min was only fair. Estimated fithess
(via DASI or daily step count) or TUG time when combined with
demographic and clinical variables provided strong estimates of
peak VO,. These low-cost, easily implemented tools provide an

appropriate way to predict patient peak VO, when CPET is not
available.

To our knowledge, this is the first study to investigate the
utility of the DASI questionnaire in patients scheduled for
total hip or knee arthroplasty. The DASI questionnaire slightly
underestimated peak VO, by 0.9 mL/kg/min for patients with
severe hip or knee osteoarthritis. This estimate of bias is consid-
erably lower than the commonly reported measurement error

associated with direct measurement of peak VO, (1.0-2.0
mL/kg/min)*°® and the bias reported by Li et al®*® for DASI-esti-
mated peak VO, (8 mL/kg/min) in a smaller cohort (n = 45) of
patients scheduled for major cancer surgery. Chemotherapy is
known to reduce peak VO,, and it is possible that this, as well
as the underlying pathology of cancer, contributed to these larger
discrepancies.

A moderate correlation was observed between objectively
measured preoperative peak VO, via CPET and estimated peak
VO, via the DASI (r = 0.50). The largest multicenter trial investigat-
ing preoperative CPET reported a lower correlation with DASI
scores (r = 0.41).%” A subanalysis of that multicenter trial showed
that in the preoperative setting the DASI had utility to detect a

peak VO, > 16 mL/kg/min (AUROC = 0.71) and the anaerobic
threshold > 11 mlL/kg/min (AUROC = 0.66)%® as compared with
0.74 in the present study. The DASI showed utility for accurately
identifying patients who did not have a low peak VO,, with a neg-
ative predictive value of 0.89; that is, only 11% patients who have
apeak VO, < 15 mL/kg/min would be missed with the DASI. This
highlights the DASI as an extremely valuable tool for screening
patients who do not require further preoperative assessment,
thereby saving resources for those who may benefit the most
from a preoperative CPET.

The time taken to complete and score the questionnaire is
quick (<1 minute), and an even shorter five-question version of
the DASI questionnaire has recently been validated.® The DASI
is also more discriminate at risk-stratifying patients than relying
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on clinician assessment alone.®” Therefore, the data from the
present study further support the routine use of the DASI in
the preoperative assessment of functional capacity, particularly
when CPET is not available or feasible. It may play a role as a
resource-saving tool, allowing clinicians to triage who would most
benefit from a further assessment like CPET.

A dalily step count of at least 5,000 steps per day had an excel-
lent discriminatory ability to rule out a low peak VO, or low anaero-
bic threshold; specifically, only 8% of patients with a daily step
count >5,000 steps per day would be incorrectly classified as
having low fithess. Preoperative daily step count had the highest
correlation with preoperative peak VO, of the three tools
(r = 0.56). Jones et a® similarly showed in patients scheduled
for major elective intra-abdominal surgery that daily step count
had a moderate association with preoperative peak VO,
(r = 0.59) but not the anaerobic threshold (r = 0.39). Preoperative
physical activity tracking is an attractive alternative to CPET because
of the relatively lower cost and ease of administering; not least, a
large proportion of the population already own these trackers and
their popularity is increasing with the technology now being incorpo-
rated in mobile phones. One potential concern is the number of days
required to obtain a valid measure. Although 7-day monitoring was
used in the present study, others have reported reliable measure-
ments from 3-day measurements in patients scheduled for major
abdominal surgery.*° Future work should explore if shorter monitor-
ing periods (ie, <7 days) can provide as accurate estimates.

The TUG test demonstrated similarly strong positive and
negative predictive abilities for peak VO, above or below 15 mL/
kg/min. A TUG time of <9.7 seconds accurately predicted 88%
of the time that an individual did not have a low peak VO,. Fur-
thermore, peak VO, could be estimated by combining the TUG
test result with demographic (ie, age and sex) and clinical vari-
ables (BMI and osteoarthritis severity). However, despite having
the highest positive predictive value (0.65), the test still had a false
positive rate of 35% (ie, 35% of individuals who have a TUG time
>9.7 seconds do not actually have a low peak \702). An advan-
tage of the TUG test is that it can be quickly administered by any
health care professional and requires minimal equipment.
Although the TUG test would not replace most of the functions
of CPET, based on the results of this study it could be used to
estimate peak VO, and may help triage preoperative CPET.

Preoperative fitness is a predictor of postoperative functional
and subjective recovery following hip or knee arthroplasty.'” How-
ever, formal CPET is often impractical for widespread preoperative
screening because of cost, time, and accessibility constraints. This
study demonstrates that simple low-burden tools, such as the DASI,
daily step count, or TUG time can provide strong estimates of directly
measured peak VO,. Incorporating these tools into preoperative
pathways could enable clinicians to efficiently screen for low fitness,
identifying patients who may benefit most from targeted

prehabilitation, enhanced perioperative monitoring, or tailored post-
operative rehabilitation. Importantly, these assessments are not
intended as exclusion criteria for surgery but rather as a practical
means to optimize perioperative care and recovery. Future research
should evaluate whether improving preoperative fitness in patients
with low fitness leads to better postoperative outcomes and whether
integration of such screening tools improves clinical decision-making
and resource allocation.

The findings of this study should be considered in light of
several limitations. A potential limitation of this study is that it is a
secondary analysis of a previously conducted trial. As such, the
trial was not originally designed to test the specific hypotheses
addressed here. Additionally, the original trial inclusion/exclusion
criteria may restrict the applicability of the results to broader
populations. Exercise testing was performed on either an arm
ergometer or an elliptical cross trainer, and based on previous
work this will have influenced directly measured peak VO,
However, given the similarities between directly measured and
estimated peak VO, via the DASI, this does not appear to have
had a large influence on the comparisons in this study. Although
these preoperative assessment tools have shown an association
with preoperative peak VO,, they may not be suitable for detect-
ing changes in preoperative peak \702. For example, Roxburgh
et al®’ reported large improvements in cardiorespiratory fitness;
however, this did not translate to improvement in TUG time or
estimated peak VO, via the DASI. Therefore, these preoperative

assessment tools may be used to estimate peak VO, or as a
risk-stratification tool but not necessarily for detecting changes

in peak VO, over time. Lastly, the participants in this study had
severe hip or knee osteoarthritis, potentially limiting the
generalizability of the determined cut-off points. However, given
that exercise testing can be challenging to perform in patients with
lower-limb conditions (eg, osteoarthritis, peripheral arterial dis-
ease, or amputation), these findings may have utility for estimating
fitness with a broad range of physical disabilities or limitations.

Clinicians can be confident that the DASI, daily step count, or
the TUG test combined with easily captured demographic and
clinical data are effective for predicting peak VO,. Although all
tools had good negative predictive value, indicating their efficacy
at identifying patients unlikely to have low peak VO,, their positive
predictive value was low, indicating limitations identifying patients
who have low peak VO,. This suggests they might be better as
screening tools to rule out low fitness, aiding perioperative clini-
cians in identifying patients who may or may not require preoper-
ative CPET, thereby optimizing resource allocation.
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Objective. This study aimed to identify metabolic signatures reflecting air pollution and further explore their associ-
ations with gout risk.

Methods. We retrieved 207,908 gout-free participants from a large cohort study. Annual average concentrations of
fine particulate matter (PM,_s), inhalable particulate matter (PM;), nitrogen dioxide (NO,), and nitrogen oxides (NO,)
were estimated using bilinear interpolation based on the residential address. Elastic net regression was used to identify
air pollutant-related metabolites and construct metabolic signatures. Cox regression models were performed to eval-
uate the association between air pollutants, related metabolic signatures, and the risk of gout. Mediation analyses were
performed to explore how metabolites mediate the relationships linking air pollutants to gout.

Results. During a median follow-up of 12.56 years, 2,474 incident gout cases were identified. We identified metab-
olite biomarkers reflecting air pollutants, including 87 metabolites for PM, 5, 76 for PM;o, 68 for NO,, and 71 for NO,. Air
pollution-related metabolic signatures were associated with elevated gout risk, with hazard ratios of 1.10 (95% confi-
dence interval [Cl] 1.05-1.14) for PM, 5, 1.12 (95% CI 1.08-1.17) for PM+q, 1.09 (95% CI 1.04-1.13) for NO,, and 1.11
(95% CI 1.06-1.15) for NO,. Consistently, per-interquartile range increase in PM, 5, PM44, NO,, and NO, was associ-
ated with 17%, 15%, 6%, and 6% increased gout risk, respectively. Additionally, metabolic signatures mediated the
air pollutants—gout associations, with the mediation proportions varying from 2.36% for PM, 5 to 4.30% for NO,.

Conclusion. Our study indicated that air pollutants and metabolic signatures were associated with elevated gout

risk, with metabolomic signatures playing a mediating role in the air pollutants—gout relationship.

INTRODUCTION

Gout is a rheumatic immune disease characterized by the
accumulation of monosodium urate crystals in joints and
surrounding tissues,’? with the age-standardized incidence
rate of gout increasing by 41% over the past three decades.®
Gout flares, marked by debilitating joint pain, not only impact
quality of life but also heighten susceptibility to metabolic
comorbidities and death.*”” Apart from some well-known
modifiable lifestyle behaviors, such as purine-rich food
intake,® alcohol drinking,® and obesity,© air pollution has also
been regarded as a vital risk factor in gout development.'’
Recently, the links between air pollution and a higher gout risk
have been reported.'?"'® Nevertheless, the mechanisms
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linking air pollutants to gout have not yet been thoroughly
elucidated.

Metabolomic profiling has shown great potential in providing
objective metrics for evaluating one’s metabolism responses to
genetic and environmental factors. Blood-based metabolites
could serve as objective downstream biomarkers in the gene
transcription and translation processes, which could provide
insightful information by revealing the interaction between envi-
ronmental and genetic exposures.'®'” Prior research has
explored the associations between metabolites and gout risk.'®
One study identified metabolites to discriminate hyperuricemia
from gout, revealing distinct metabolic signatures for gout and
hyperuricemia.’® Another study identified distinct metabolites
and pathways in individuals with frequent gout flares compared
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SIGNIFICANCE & INNOVATIONS

+ Air pollution (fine particulate matter, inhalable par-
ticulate matter, nitrogen dioxide, and nitrogen
oxides) and related metabolic signatures were asso-
ciated with increased risk of gout.

+ Metabolic signatures partially mediated the air
pollutants-gout associations.

+ This study established a potential air pollution-
metabolism-gout association, offering new insights
for gout prevention.

to those with infrequent gout flares, including 439 differential
metabolites with the pathways of amino acids, nucleotide metab-
olism, carbohydrates, and bile acids.?° Furthermore, it is reported
that exposure to air pollution may cause metabolome fluctuation
and lead to an imbalance in the expression process of metabo-
lites.2"22 Thus, it is reasonable to hypothesize that metabolomic
changes might mediate the air pollutants—gout associations.

To verify the hypothesis, we identified the metabolic signa-
tures most closely related to air pollutants and investigated their
prospective association with gout risk. We further investigated
whether these metabolic signatures of air pollutants might mediate
their association with gout. Our research integrates metabolomics
with air pollution studies, offering new insights for gout prevention.

METHODS

Study populations. The UK Biobank (UKB) is a longitudi-
nal study that enrolled over 500,000 participants ranging in age
from 37 to 73 years during 2006 to 2010. More details of UKB
have been described in prior publications.?® At baseline, all partic-
ipants provided individual-level information through verbal inter-
views and touchscreen questionnaires and provided biologic
and physical measurements. The study was approved by the
North  West Multicenter Research  Ethics Committee
(no. 21/NW/0157). The data sets generated and analyzed during
the current study are available upon reasonable request to the
Access Management System through the UKB website (https://
www.ukbiobank.ac.uk/enable-your-research/apply-for-access).

At baseline, 502,411 participants were recruited. Of them,
7,387 participants with prevalent gout were excluded. The partic-
ipants without available data on metabolic biomarkers or air pollu-
tion were further excluded from the analysis (n = 287,116). Finally,
207,908 participants were included in the study (Fig S1).

Metabolomics profiling. Detailed procedures of metabo-
lomics profiling have been described previously.?* Briefly, Plasma
samples from around 280,000 participants at baseline (2006—
2010) and 16,000 participants during follow-up (2012-2013)
were analyzed using high-throughput nuclear magnetic reso-
nance spectroscopy via Nightingale Health’s metabolic biomarker

platform (Nightingale Health Ltd). In total, 251 metabolites were
assessed, comprising 81 composite ratio indexes and
170 metabolites detected using absolute levels. The metabolic
measures span a wide range of pathways, encompassing fatty
acids, fatty acid compositions, and lipoprotein lipids with 14 sub-
classes, etc (Table S1).

Air pollution exposure assessment. The UK Depart-
ment for Environment, Food and Rural Affairs supplied longitudi-
nal data on atmospheric pollutants, including annual average
concentrations of fine particulate matter (PM, 5), inhalable particu-
late matter (PM;o), nitrogen oxides (NO,), and nitrogen dioxide
(NO,). These geospatial records feature exceptional granularity
through 1 x 1 km grid mapping, systematically documenting
ground-level pollution patterns across in United Kingdom span-
ning the period from 2002 to 2022.

Each participant’s residential address history, including the
particular dates they lived in each location, was recorded to deter-
mine the individual-level exposure to air pollutants. The air pollut-
ant data from the four closest grids at the exposure sites were
interpolated using a bilinear method to calculate the weighted
averages.® The annual average air pollution levels for individuals
were determined based on their geocoded address and the asso-
ciated grid cells. If individuals had changed their residential
address, we calculated a time-weighted average exposure to air
pollutants, with the duration spent at each address used as the
weights.?® In the current study, we evaluated average exposure
levels from the four years before enrollment.

Ascertainment of incident gout. Incident gout was
identified through the inpatient admission records sourced from
Hospital Episode Statistics, Scottish Morbidity Record Data, and
the Patient Episode Database, and the records with the Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) codes
M10.0, M10.2, M10.3, M10.4, and M10.9 were determined as
gout cases.''® Participants were observed from enrollment until
the date of incident gout, loss to follow-up, death, or the latest
date of available data (February 28, 2018, in Wales; July
31, 2021, in Scotland; and September 30, 2021, in England),
whichever occurred earlier.

Assessment of covariates. We included some important
factors as covariates according to prior knowledge and literature.
Potential covariates included age, sex, ethnicity, body mass index
(BMI), education level, household income, smoking status, alcohol
consumption, healthy diet score, and physical activity. Ethnicity
was grouped into the categories non-White (Asian, Black, Mixed,
and Other) and White. Education level was grouped into the cate-
gories college degree or higher, vocational qualifications and other,
and any school degree. Household income was classified into five
levels  (>£100,000, £52,000-£100,000, £31,000-£51,999,
£18,000-£30,999, and <£18,000). BMI was computed by dividing
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weight in kg by height in m? and further grouped into the categories
obese (>29.9 kg/m?), overweight (25-29.9 kg/m?), underweight
(<18.5 kg/m?), and normal weight (18.5-24.9 kg/m?). There were
three categories for smoking status (never smoking, former smok-
ing, and current smoking) and four groups for alcohol consumption
(never, occasional, moderate, and heavy) based on the daily quan-
tity and frequency of alcohol intake. Increased intake of vegetables,
fruits, and fish, as well as reduced intake of red meats and pro-
cessed meats, was used to compute the combined diet score,
which varied from O to 5, with 1 point given for each beneficial diet
element.?” Physical activity was classified as low (<600 metabolic
equivalents [MET] min/week), moderate (600-3,000 MET min/-
week), and high (=3,000 MET min/week) based on the total volume
of physical activity.?82°

Statistical analysis. Characterization of air pollution-
related metabolite signatures. All 251 metabolites were log-
transformed and standardized before analysis. An elastic net
regression model was used to determine the related metabolites
and metabolic signatures reflecting air pollutants through the
“glmnet” package. The elastic net regression model leverages
both the characteristics of lasso and ridge penalties, offering a
regularized approach method to address multicollinearity and
prevent model overfitting.>° The best lambda value was then
derived using 10-fold cross-validation. The selected lambda value
was the largest one yielding a mean squared error within 1 SD of
the minimum. Metabolic signatures were generated by applying
regression-derived weights to a sum of metabolites with nonzero
coefficients. The total metabolic signatures reflected the synthetic
impacts of the weighted sum of the chosen metabolic indicators.

Associations of air pollutants and metabolic signatures with
gout risk. Alinear regression model was used to evaluate the rela-
tionships of chosen individual metabolites with air pollution. Haz-
ard ratios (HRs) and 95% confidence intervals (Cls) were
obtained by evaluating the relationships between air pollutants
and associated metabolic signatures and gout risk using Cox pro-
portional hazard models. Model 1 and model 2 were adjusted for
sociodemographic and behavioral factors. In model 3, air pollu-
tion and metabolic signatures were mutually adjusted for at the
same time to explore their independent associations. To assess
the potential nonlinear relationships, a three-knotted (at the 10th,
50th, and 90th percentiles) restricted cubic spline model was
applied. Additionally, we assessed the joint impacts of air pollut-
ants and metabolic signature mixtures using quantile-based
g-computation.

Mediation analysis and pathway analysis. We further per-
formed a mediation analysis using the “mediation” package to
explore the proportional contribution of individual metabolites
and overall metabolic signatures to the air pollutants—gout asso-
ciations. A quasi-Bayesian approach was used to assess vari-
ance in the mediation analysis (100 simulations), and the
mediation effects were limited to 0 to 1. Taking into account the

entire exposure—outcome relationship, the analysis could evaluate
the proportionate direct effects and indirect effects within the air
pollution-gout relationship through mediators. The same covari-
ates were adjusted in the incident gout outcome models and the
mediator models. Furthermore, pathway analyses were conducted
on statistically significant metabolites of the air pollution—-gout asso-
ciation through MetaboAnalyst 6.0, which used the KEGG data-
base to investigate possible biologic pathways involved.

Stratified analysis and sensitivity analysis. Stratified analyses
were conducted according to age (<60 years, >60 years) and
sex (male, female). To determine whether the results of the sub-
groups were statistically different, likelihood ratio tests were com-
puted for the interaction terms.

To further assess the robustness of our findings, we con-
ducted several sensitivity analyses. First, to prevent potential
reverse causality, we eliminated individuals who experienced inci-
dent gout during the first two years of follow-up. Second,
repeated analyses were conducted by eliminating participants
without complete information on covariates. Third, we further var-
ied the exposure window to one-, two-, and three-year durations.
Fourth, a time-varying Cox proportional hazard model, with the
annual average levels of air pollution at a one-year scale, was
employed to assess the air pollutants—gout association. Finally,
we included hypertension and diabetes as covariates to verify
the stability of the results.

All analyses were conducted using R (version 4.2.2). A two-
sided P value below 0.05 was regarded as statistically significant.
Bonferroni corrections were used in the analysis to address pos-
sible errors from multiple testing.

RESULTS

Characteristics of the included participants. We
included 207,908 participants with an average age of 56.19 years
(Table 1). During a median follow-up of 12.56 years, 2,474 partic-
ipants developed incident gout. Participants who developed gout
tended to be male and older, have lower income and educational
levels, be inactive and obese, and have an unhealthy diet, a his-
tory of smoking, and heavy alcohol use (P < 0.05). The mean
annual average concentrations for PM, 5, PM4g, NO,, and NOy
were 10.65 (SD 1.92), 16.77 (SD 2.71), 20.82 (SD 6.51), and
31.53 (SD 12.70) pg/m®, respectively (Table S2).

Characterizing metabolic signatures of air
pollutants. After conducting elastic net regression, 87, 76,
68, and 71 metabolites with nonzero coefficients were chosen to
compute the metabolic signature scores reflecting PMs 5, PM+q,
NO,, and NO, respectively. As shown in Figure 1, lipids, lipopro-
tein subclasses, amino acids, fatty acids, ketone bodies, triglycer-
ides, metabolites linked to glycolysis, fluid balance, and
inflammation are the primary components that make up the met-
abolic signatures. Moreover, we found that the linoleic acid to total
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Table 1. Baseline characteristics of participants by gout incidence*

Total Without gout With gout
Characteristics (N =207,908) (n=205,434) (n=2474) P value

Age, mean (SD), y 56.19 (8.09) 56.14 (8.09) 60.31 (7.07) <0.001°

Sex, n (%) <0.001°
Female 107,685 (51.79) 107,222 (52.19) 463 (18.71)

Male 100,223 (48.21) 98,212 (47.87) 2011 (81.29)

Ethnicity, n (%) 0.215°
Non-White 8,835 (4.25) 8,717 (4.24) 118 (4.77)

White 199,073 (95.75) 196,717 (95.76) 2,356 (95.23)

Education level, n (%) <0.001°

College degree or higher 70,711 (34.01) 70,103 (34.12) 608 (24.58)
Any school degree 79,733 (38.35) 78,898 (38.41) 835 (33.75)
Vocational qualifications and other 56,555 (27.20) 55,536 (27.03) 1,019 (41.19)

Missing 909 (0.44) 897 (0.44) 12 (0.49)

Income, n (%) <0.001°
<£18,000 48,345 (23.25) 47,592 (23.17) 753 (30.44)
£18,000-£30,999 53,804 (25.88) 53,119 (25.86) 685 (27.69)
£31,000-£51,999 53,861 (25.91) 53,277 (25.93) 584 (23.61)
£52,000-£100,000 41,048 (19.74) 40,698 (19.81) 350 (14.15)
>£100,000 10,219 (4.92) 10,135 (4.93) 84 (3.40)

Missing 631 (0.30) 613 (0.30) 18(0.73)

BMI, n (%) <0.001°

Underweight 903 (0.43) 902 (0.44) 1(0.04)
Normal weight 65,900 (31.70) 65,646 (31.95) 254(10.27)
Overweight 89,724 (43.16) 88,637 (43.15) 1,087 (43.94)
Obese 50,696 (24.38) 49,576 (24.13) 1,120 (45.27)

Missing 685 (0.33) 673 (0.33) 12 (0.49)

Physical activity, n (%) 0.001°
Low 33,339(16.04) 32,872 (16.00) 467 (18.88)

Moderate 70,872 (34.09) 70,047 (34.10) 825 (33.35)
High 69,457 (33.41) 68,685 (33.43) 772 (31.20)
Missing 34,240 (16.47) 33,830 (16.47) 410(16.57)

Healthy diet score, n (%) <0.001°
0-1 44182 (21.25) 43,526 (21.19) 656 (26.52)

2-3 116,459 (56.01) 115,058 (56.01) 1,401 (56.63)
4-5 46,937 (22.58) 46,524 (22.65) 413 (16.69)
Missing 330(0.16) 326 (0.16) 4(0.16)

Smoking, n (%) <0.001°
Never 113,322 (54.51) 112,347 (54.69) 975 (39.41)

Previous 72,447 (34.85) 71,202 (34.66) 1,245 (50.32)
Current 22,139 (10.65) 21,885 (10.65) 254 (10.27)

Alcohol drinking, n (%) <0.001°

Heavy 41,846 (20.13) 41,128 (20.02) 718 (29.02)
Moderate 103,822 (49.94) 102,654 (49.97) 1,168 (47.21)
Occasional 46,835 (22.53) 46,413 (22.59) 422 (17.06)
Never 15,309 (7.36) 15,145 (7.37) 164 (6.63)

Missing 96 (0.05) 94 (0.05) 2 (0.08)

PM> 5, mean (SD), pg/m3 10.65 (1.92) 10.65 (1.93) 10.84(1.83) <0.001°

PMo, mean (SD), pg/m3 16.77 (2.71) 16.77 (2.71) 17.02 (2.63) <0.001°

NO,, mean (SD), pg/m3 20.82 (6.51) 20.82 (6.51) 21.20(6.53) 0.004°

NO,, mean (SD), pg/m3 31.53(12.70) 31.52(12.70) 32.27 (12.71) 0.004°

* BMI, body mass index; NO,, nitrogen dioxide; NO,, nitrogen oxides; PM, s, fine particulate matter; PM;o, inhalable
particulate matter; Non-White catrgory includes Asian, Black, Mixed, and other.

9 P value by t-test.
® pvalue by chi-square test.

fatty acids percentage and lactate made the most pronounced
contribution to the positive coefficient of the metabolic signature
associated with PM, 5 and PMyq (Figure 2, Tables S3-S6). Addi-
tionally, cholesterol in medium very low-density lipoprotein (M-
VLDL-C) and the phospholipids to total lipids in small low-density
lipoprotein (LDL) percentage significantly influenced the negative

coefficient of the metabolic signatures reflecting PM, s and
PM,o. Furthermore, the degree of unsaturation and triglycerides
in large LDL exhibited the strongest positive correlation with met-
abolic signatures reflecting NO, and NO,. Meanwhile, triglycer-
ides in large high-density lipoprotein and M-VLDL-C contributed
the most for the reverse coefficient.
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Figure 1. The composition of air pollution—related metabolic signatures. NO», nitrogen dioxide; NO, nitrogen oxides; PM. s, fine particulate mat-

ter; PMyo, inhalable particulate matter.

Association of air pollutants and metabolic
signatures with gout. As shown in Table 2, per-interquartile
range increase in air pollution was significantly associated with ele-
vated gout risk in the fully adjusted models, with HRs of 1.17 (95%
Cl 1.11-1.23) for PMy5, 1.15 (95% CI 1.09-1.21) for PM4o, 1.06
(95% CI 1.01-1.11) for NO,, and 1.06 (95% CI 1.01-1.11) for NOx.
Additionally, a higher risk of developing gout was positively associ-
ated with per-SD increase in metabolic signatures linked to air pollu-
tion, with the estimates of 1.10 (95% CI 1.05-1.14) for PM, 5, 1.12
(95% ClI 1.08-1.17) for PM4o, 1.09 (95% CI 1.04-1.13) for NO,,
and 1.11 (95% ClI 1.06-1.15) for NO,. The dose-response analysis
indicated a higher gout risk with increments of air pollutants and
related metabolic signatures (Fig S2). Similarly, we found the joint mix-
ing effect of four air pollutants was 1.16 (95% Cl 1.06-1.28) on gout
risk, and the joint mixing effect of metabolic signatures was 1.27
(95% Cl 1.16-1.39) on gout risk, each one quartile variation of expo-
sures (Table S7).

Mediation analysis and pathway analysis. As shown
in Figure 3, Metabolic signatures significantly mediated the asso-
ciations between four air pollutants and gout. The mediation pro-
portions were 2.36%, 3.76%, 3.58%, and 4.30% for PMs s,
PMjo, NO,, and NO,, respectively. Furthermore, we estimated

the associations of metabolites in mediating gout risk
(Figs S3-S6). We found that lipoprotein subclass-related
metabolites played crucial mediating roles. Among these,
M-VLDL-C, cholesteryl esters in M-VLDL, free cholesterol in
M-VLDL, the concentration of intermediate-density lipoprotein
(IDL) particles, free cholesterol in IDL, and the concentration of
small LDL particles mediated this process for all air pollutants,
and cholesterol in IDL mediated the process for all air pollutants.
Fig S7 displayed the metabolic pathways involving the metabolic
biomarkers that significantly mediated the relationship between
air pollutants and gout. We observed that the most prominent
pathways were alanine, aspartate, and glutamate metabolism;
glyoxylate and dicarboxylate metabolism; and linoleic acid
metabolism.

Stratified analyses and sensitivity analyses. Stratified
analyses showed that NO,- and NO,-related metabolic signa-
tures had a stronger association with gout in women than in
men and that older individuals (=60 years) had stronger associa-
tions with metabolite signatures (PM,5, NO,, and NO,) than
younger individuals (<60 years) (P < 0.05) (Fig S8). Similar results
were found in the sensitivity analyses when we varied the
exposure window to one-, two-, and three-year durations
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Figure 2. Associations of metabolites constituting the metabolic signatures with air pollutants and gout risk. (A) PM, 5. (B) PM4q. (C) NO.. (D) NO,. In
each panel, presented from top to bottom are the metabolites’ coefficients (weights) in the metabolic signature and associations with air pollution and sub-
sequent gout risk. Coefficients for associations with air pollution show the changes in metabolites per IQR increment in air pollution. Coefficients for the
gout risk indicate In (HR) per SD increment in metabolites. Colors reflect the direction (red for positive, blue for inverse) and strength (darker colors indicate
stronger effects). *P < 0.05; *Bonferroni-corrected P < 0.05; P < 0.001. HR, hazard ratios; IQR, interquartile range; NO,, nitrogen dioxide; NO, nitro-
gen oxides; PM, s, fine particulate matter; PM;, inhalable particulate matter. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.70007/abstract.

Table 2. Associations of air pollution and metabolic signatures with risk of gout (N = 207,908)*

Air pollutants

Metabolic signatures

Analysis
model HR (95% CI)* P value HR (95% CI)° P value
PMzs
Model 1 117 (1.11-1.23) <0.001 1(1.07-1.16) <0.001
Model 2 117 (1.11-1.23) <0.001 0(1.06-1.15) <0.001
Model 3 117 (1.11-1.23) <0.001 0(1.05-1.14) <0.001
PMio
Model 1 117 (1.11-1.23) <0.001 16 (1.12-1.21) <0.001
Model 2 1.16(1.10-1.22) <0.001 3(1.08-1.17) <0.001
Model 3 1.15(1.09-1.21) <0.001 2(1.08-1.17) <0.001
NO,
Model 1 1.09 (1.04-1.14) <0.001 1.15(1.10-1.20) <0.001
Model 2 1.06 (1.01-1.11) 0.016 1.09 (1.05-1.13) <0.001
Model 3 1.06 (1.01-1.11) 0.024 1.09 (1.04-1.13) <0.001
NO,
Model 1 1.10 (1.05-1.15) <0.001 1.15(1.10-1.19) <0.001
Model 2 1.06 (1.01-1.12) 0.011 1.11 (1.06-1.15) <0.001
Model 3 1.06(1.01-1.11) 0.017 1.11(1.06-1.15) <0.001

* Model 1: adjustment for age and sex; model 2: additional adjustment for ethnicity, education level, household
income, smoking status, alcohol consumption, body mass index, healthy diet score, and physical activity; model 3:
mutual adjustment for both air pollutants and metabolic signatures. Cl, confidence interval; HR, hazard ratio; IQR,
interquartile range; NO,, nitrogen dioxide; NOy, nitrogen oxides; PM; s, fine particulate matter; PM;q, inhalable par-

ticulate matter.

@ Results are shown as each IQR increase in air pollutants.

P Results are shown as each SD increase in metabolic signatures.
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Figure 3. Mediation analyses for metabolic signatures on the association between air pollutants and gout. **P < 0.01. **P < 0.001. NO,, nitro-
gen dioxide; NO,, nitrogen oxides; PM, 5, fine particulate matter; PM;, inhalable particulate matter.

(Tables S8-S10), eliminating participants who experienced inci-
dent gout during the two-year follow-up period (Table S11),
excluding participants without complete information on covariates
(Table S12), and including hypertension and diabetes as covari-
ates to examine the robustness of the results (Table S13). Similar
results using the time-varying Cox proportional hazard model
were observed (Table S14).

DISCUSSION

This is the first investigation examining the associations of air
pollutants and their reflecting metabolic signatures with gout risk.
In this large cohort investigation, we established the metabolic
signatures linked to air pollution and demonstrated their associa-
tion with elevated gout risk. Stratified analyses demonstrated that
these relationships were more pronounced in women and older
individuals. Additionally, mediation analyses suggested that meta-
bolic signatures played an important role in mediating the link
between air pollutants and gout risk.

Evidence suggests that air pollution exposure influences the
blood metabolome.®'¢ For example, a study from the Rotter-
dam study indicated that long-term exposure to air pollutants
was significantly related to metabolites mostly belonging to lipid
and amino acid subclass metabolites.>' Recent research has
identified specific metabolites associated with air pollution, includ-
ing energy metabolism, key inflammatory, and nucleic acid dam-
age and repair pathways.>? One study from California showed
that air pollution may alter key metabolic pathways involving
amino acid and fatty acid metabolism, adversely affect lipid
homeostasis, and influence health.%® Prior studies have also

shown that NO, exposure was associated with various amino
acid metabolites, such as tyrosine, phenylalanine, and trypto-
phan.®*3% In line with prior research, our study also demonstrated
that air pollution may alter several crucial metabolites, such as
lipids, lipoprotein subclasses, fatty acids, amino acids, etc. Fur-
thermore, the associations between metabolites and gout risk
have also been demonstrated in previous research. Metabolites
are metabolic end products or intermediates that impact cell func-
tion and respond to environmental exposures. However, no
research has yet illustrated the air pollution-metabolism-gout
relationship. In this study, we identified air pollution—-related meta-
bolic signatures and found that these signatures were associated
with higher gout risk. Our findings emphasize the need for further
research on the air pollution—-metabolic signature—gout relation-
ship, which provides new insights for the precise prevention and
control of gout.

The air pollutants—gout associations have been explored in
several investigations. For example, time-series studies sug-
gested that short-term exposure to PM4q and NO, was found to
be strongly linked to an elevated incidence of acute gout
flares.”®3" A study comprising 170,318 participants revealed a
correlation between PM, 5 exposure and increased gout risk.'
Research conducted in the United Kingdom demonstrated that
long-term exposure to air pollution evaluated from land use
regression models was related to elevated gout risk.'>1®
Although our findings were mostly in line with established studies,
the underlying biologic processes are still unknown. Our findings
revealed a significant mediating pathway through metabolic
markers in the air pollutants—gout associations, suggesting a
potential mechanism through which air pollutants increase gout
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risk by altering metabolism. Given metabolic signature could pro-
vide an objective reflection of air pollution exposure, the findings
may provide a more thorough insight into metabolic alterations
related to air pollution.

It is reported that some metabolic pathways are closely
related to the development of gout, such as the dysfunction of lipid
metabolism and amino acid metabolism.*® Metabolites from lipo-
protein subclasses were found to play crucial mediating roles. Pre-
vious studies have indicated VLDL levels could induce activation of
inflammation and result in a persistent inflammatory condition.>°
Meanwhile, VLDL is metabolized in adipose and muscle tissue,
forming IDL, which may further metabolize to LDL.*® Furthermore,
VLDL can be taken up by the VLDL receptor in adipocytes and
the endothelium, promoting fat accumulation and contributing to
obesity, which would enhance nucleic acid metabolism and
increase uric acid synthesis.*'*? In addition, several studies have
also shown that amino acid metabolism is highly associated with
gout.2%3843 A prospective cohort study found 107 metabolites
were associated with hospitalized gout, including glutamine and
glycine.*® Another study indicated that amino acid metabolism is
one of the main dysregulated pathways, which involves alanine
and glutamate metabolism.?° Consistent with prior studies, in this
study, amino acid metabolism was also evidenced as an important
pathway in the air pollution—gout association, especially alanine and
glutamine metabolism. We observed similar findings in populations
in the United Kingdom and further determined metabolic signatures
linked to air pollution increased gout risk. We indicated some
important pathways in the air pollution—gout associations, including
alanine, aspartate, and glutamate metabolism; glyoxylate and
dicarboxylate metabolism; and linoleic acid metabolism. In line with
our findings, a recent study found that glyoxylate and dicarboxylate
metabolism was one of the PM, s-related metabolic pathways;
another study suggested that linoleic acid metabolism was a key
metabolic pathway of PM, 5 and PMo.%4® It is proven that linoleic
acid metabolism is closely related to inflammatory activation, and
its metabolites regulate inflammatory signaling pathways through
multiple molecular mechanisms.*® Furthermore, the metabolic bio-
markers in glyoxylate and dicarboxylate metabolism could further
regulate the immune response.*” The results of mediation analyses
established an air pollution-metabolic signature/metabolites—gout
relationship for further exploring potential biologic mechanisms of
gout development.

It is important to note that participants who developed incident
gout during follow-up had significantly different baseline character-
istics compared to those who did not, as expected. Although this
reflects the natural history of gout, it also introduces potential for
confounding. We addressed this through extensive multivariable
adjustment in our primary models, which yielded consistent results.
This strengthens the inference that the association of exposure
with gout is independent of these traditional risk factors. We
observed a stronger association of metabolic signatures reflecting
air pollution with gout risk in older participants and women, which

could also be supported by several studies.'>"'® This could be
explained by the aging-related immune system deterioration that
makes older participants more vulnerable to environmental pollut-
ants.*® Moreover, we also found the HRs of NO,/NO,-related met-
abolic signatures on gout risk were higher in women than in men.
This discrepancy could be attributed to social behavior variations,
metabolism, and physiologic distinctions.®%°

Our study has several strengths. We used elastic net regular-
ized regressions to find metabolic signatures linked to air pollution
and observed that gout risk was associated with both air
pollution and metabolic signatures. Meanwhile, we found a signif-
icant partial mediation impact of metabolism and established a
potential air pollution—-metabolism—gout relationship. In addition,
we applied data from a large cohort study with substantial
follow-up duration, and we also obtained various confounders
and residence-based air pollution assessments.

Several limitations should also be acknowledged. First, some
lifestyle covariates were collected using self-reported measures at
baseline, which may unavoidably result in misclassification bias.
However, earlier studies have suggested agreement between
self-reported information and primary care records, demonstrating
the accuracy of the self-reported covariates in the UKB.®' Second,
due to inadequate follow-up data on potential confounders, we
only considered baseline factors. Third, although metabolite mea-
surements were comprehensive, measurement errors were
unavoidable in the study; meanwhile, the measurement of metabo-
lites at baseline limits our understanding of metabolic variations and
their effects on gout risk. Fourth, in this study, we identified gout
cases using inpatient records with ICD codes, which may inevitably
lead to misclassification bias; the data on gout cases in the outpa-
tient and emergency departments were not taken into account in
the study, which may lead to underestimation of the results. Finally,
although the 10-fold cross-validation approach was applied to min-
imize overfitting, potential bias could not be avoided entirely. An
independent cohort should be used for external validation to con-
firm the generalizability of these findings.

In conclusion, this study identified metabolic signatures
reflecting long-term air pollution exposure (PMs.5, PM4g, NOo,
and NO,) and indicated that air pollutants with metabolic signa-
tures were linked to elevated gout risk. Metabolic signatures par-
tially mediated the air pollutants—gout relationship. The findings
emphasize the advantages of precision prevention focused on
mitigating metabolic imbalances to decrease gout risk among
individuals exposed to air pollution and provide valuable insights
for the prevention of gout.
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Methodologic and conceptual limitations in moderator
and mediator analyses of knee osteoarthritis trials:
comment on the article by Farivar et al

To the Editor:

The recent secondary analysis by Farivar et al," which exam-
ined moderators and mediators of a randomized controlled trial
evaluating a new service delivery model for knee osteoarthritis,
represents a meaningful effort to advance personalized care.
Although the investigation of for whom and how the intervention
worked is highly relevant, several methodologic and conceptual
limitations merit critical discussion to guide future research.

First, the overreliance on a priori statistical significance in
moderation analysis raises concerns. The identification of base-
line pain and function as the only significant moderators, although
clinically intuitive, may result from the notoriously low statistical
power of traditional regression-based interaction tests.? This
increases the risk of Type Il errors, potentially overlooking influen-
tial moderators such as depression or comorbidity. Future studies
should either be prospectively powered to test specific moderator
hypotheses or employ machine learning techniques (eg, causal
forests) to better detect complex interactions in high-dimensional
data without incurring severe multiple testing penalties.?®

Second, the null findings for physical activity and weight loss
as mediators likely reflect conceptual underspecification of the
theoretical model. The tested pathways assumed direct, linear
relationships among the intervention, behavioral changes, and
outcomes, neglecting the established nonlinear and reciprocal
dynamics in chronic pain.* A more plausible model would position
psychosocial variables —such as reduced kinesiophobia—as pri-
mary mediators, enabling subsequent increases in physical activ-
ity and ultimately improving pain and function. Testing isolated
behavioral mediators without incorporating psychological drivers
limits interpretability and likely leads to null results. The field should
prioritize testing prespecified serial mediation models grounded in
contemporary biopsychosocial theory.>*

Third, methodologic gaps in mediator measurement further
constrain the validity of the findings. The use of self-reported
physical activity introduces recall and social desirability biases,
particularly in an unblinded trial. Objective measures such as
accelerometers are necessary to accurately capture behavioral
constructs.® Moreover, assessing mediators at a single time point
(eg, 3 months) fails to account for their dynamic nature and
impedes causal inference. Longitudinal modeling approaches,
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such as latent growth curve models within a structural equation
framework, would better capture trajectories of change in both
mediators and outcomes.*®

In conclusion, although Farivar et al' have addressed critical
questions in personalized knee osteoarthritis management, their
study underscores the need for greater methodologic rigor in
moderator and mediator analyses. Future mechanism research
should incorporate adequately powered and theory-driven mod-
erator plans, specify and test sequential mediation pathways that
include psychosocial mechanisms, and employ longitudinal,
objective measures of putative mediators. These steps are essen-
tial to avoid accumulating misleading null findings and to advance
toward truly mechanism-informed personalized care.

Supported by The Affiliated Traditional Chinese Medicine Hospital of
Southwest Medlical University, Biomechanical research on cartilage trans-
plantation based on the theory of “equal emphasis on muscle and bone”
(grant 20232YQJ02).
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To the Editor:

We thank you for the opportunity to respond to a letter by Liu
et al regarding our recently published article, “Moderators and
mediators of pain and function outcomes in a new service delivery
model for management of knee osteoarthritis in primary care:
Secondary exploratory analysis of a randomized controlled trial.””
We would like to clarify and expand on some aspects of this work.

It is important to note that this study was a secondary analy-
sis of a complex intervention, namely a new model of service
delivery for people with knee osteoarthritis (OA).2> Reducing pain
and improving physical function are key goals for many people
attending OA management programs, and the study design was
powered to detect change in these outcomes. Although exercise
and physical function were key components of the intervention, it
was a multifaceted approach to OA care. Understanding any
potential moderators and mediators for these outcomes is valu-
able for planning and delivering future services but complex to
measure and interpret. As per best practice, potential moderators
and mediators were identified a priori, were based on both clinical
and theoretical rationales available at the time of the protocol
development, and have been described in detail in both the origi-
nal published protocol® and the supplementary data of the sec-
ondary analyses article.”

Regarding the first concern raised by the authors of the letter,
as we stated in the Introduction section and emphasized in the
Methods section, although the PARTNER study model showed
significant improvements in knee pain and function compared to
usual general practitioner care, the magnitude of improvement
was not clinically meaningful for pain and was uncertain for func-
tion.”? In this instance, in which the intervention has a weak
impact on the desired outcome, the use of secondary analysis to
explore potential moderators and mediators has even greater jus-
tification.* Change in knee pain and function were the primary out-
comes of interest, and the preidentified potential moderators of
these outcomes included age, sex, body mass index, pain dura-
tion, living arrangements, level of education, and employment sta-
tus. Back pain, as the most common comorbidity, was also
considered a potential moderator. Although we agree that
depression may be a moderator of effect in some trials, people
with depression were not a specific target for our study, and the
number of people presenting with depression was very low.
Therefore, this was not an appropriate factor for the analysis and
was unlikely to show any effect. Because the only identified mod-
erator was age, we performed only univariate regression analysis,
and multivariable analysis was not justified. Powering trials to test-
specific moderator hypotheses in addition to the primary analyses
would likely result in an unfeasible recruitment target, adding con-
siderable cost to the running of the trial. Analyses may be assisted

by artificial inteligence machine learning to identify multiple inter-
actions; however, this analysis method may be better used within
large systematic reviews or individual participant data meta-
analysis frameworks.

The second suggestion was to consider a serial mediation
effect in the PARTNER study. The effects of mediators are
indirect and potentially impact the outcome variables through
other mediators. In our secondary analysis, we identified that
elevated satisfaction levels in three domains were significant
mediators of only the PARTNER study intervention effect on
knee pain and function. It should be noted that several psy-
chosocial variables were included in our mediator analyses,
including fear of movement, pain catastrophizing, and self-
efficacy, and were not shown to influence the pain or function
response in our trial context. We acknowledge that our study
might not have captured all the potential mediators and the
effect could be exerted through the impact of the satisfaction
of other potential mediators, such as the physical activity
levels, along with other explanations we suggested in the Dis-
cussion section. However, our secondary analysis was per-
formed within the set of variables and data collected in the
PARTNER trial,® and they should therefore be interpreted
within this context. We agree that more complex, serial media-
tion models incorporating psychosocial variables would provide
an improved assessment of pathways.

The third comment by Liu et al concerned the methodology
of the main PARTNER study. They proposed to use objective
measures for the physical activity level rather than the main
study’s measurement tool, which was the Physical Activity Scale
for the Elderly questionnaire.® We agree that the use of objective
measures collected with accelerometers may increase the accu-
racy of the results. However, the PARTNER study aimed to deliver
the knee OA management program remotely, with assessment
tools available and validated at the time of protocol development.
It should be noted that from a trial delivery perspective, use of
these devices comes with its own challenges, including the digital
literacy of our cohort, the costs and practicalities associated with
providing and mailing the devices, and the collection and retrieval
of data. There has been considerable advancement in the accu-
racy and usability of these devices in the last 15 years, and we
now regularly include wearable devices in many of our clinical tri-
als. We thank Liu et al for their feedback on our trial and analyses,
and we will consider it for future work.

Abdolhay Farivar, MD, FRACP
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Residual confounding in a study of acetaminophen risk:
errors resulting from dichotomized variables:
comment on the article by Kaur et al

To the Editor:

The study by Kaur et al attempts to assess risk of
acetaminophen use in an observational cohort using propensity
score matching to minimize confounding.! There are very large
differences in risk in the unadjusted data for those in the cohort
who received acetaminophen and those who did not, because
those prescribed acetaminophen were nearly three times more
likely to take nonsteroidal anti-inflammatory drugs (NSAIDs). The
reason for this difference is probably related to the likely indica-
tion, pain. Those in pain were presumably more likely to get both
NSAIDs and acetaminophen. In the propensity score matching
analysis, NSAID use was treated as a dichotomous variable.

In reality, the dose-response relationship between NSAID
dose and the risk of serious adverse events is nearly linear, rather
than dichotomous.? To ignore the dose dependence is likely to
create a Type | error (in this case concluding that acetaminophen
has dangerous side effects) when the confounder is unbalanced
in the original data,® as in the current study. That is, if far more of
those patients who got acetaminophen also got NSAIDs, then

among all patients who got NSAIDs, those in the acetaminophen
arm probably got more NSAIDs than those in the no acetamino-
phen arm. Because the dose of NSAID is a risk factor for adverse
events, then even after matching for plus or minus NSAID use, the
patients who use acetaminophen will have more adverse events
than the patients not using acetaminophen, and this result will
have nothing to do with the inherent risk of acetaminophen.

The building momentum emphasizing alternatives to
randomized, controlled trials has both practical and scientific
rationale,* but limitations in observational data sets force many
potential confounders to be treated as dichotomous when this is
not the case. Particularly, when drug choices are influenced by
prevailing risk assumptions, as those associated with NSAID
use, physicians’ decisions become nuanced by their assessment
of the degree of risk. In those cases, the severity of the potential
confounder, such as diabetes, hypertension, obesity, heart
failure, renal insufficiency, dyspepsia or the frequency of NSAID
or opioid use, then becomes a key driver in physician choice.
Yet published literature employing observational data nearly
uniformly treats these variables as dichotomous, in many cases
with resulting erroneous conclusions.
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