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2021 American College of Rheumatology Guideline
for the Treatment of Juvenile Idiopathic Arthritis:
Recommendations for Nonpharmacologic Therapies,
Medication Monitoring, Immunizations, and Imaging

Karen B. Onel,1 Daniel B. Horton,2 Daniel J. Lovell,3 Susan Shenoi,4 Carlos A. Cuello,5

Sheila T. Angeles-Han,3 Mara L. Becker,6 Randy Q. Cron,7 Brian M. Feldman,8 Polly J. Ferguson,9

Harry Gewanter,10 Jaime Guzman,11 Yukiko Kimura,12 Tzielan Lee,13 KatherineMurphy,14 Peter A. Nigrovic,15

Michael J. Ombrello,16 C. Egla Rabinovich,6 Melissa Tesher,17 Marinka Twilt,18 Marisa Klein-Gitelman,19

Fatima Barbar-Smiley,20 Ashley M. Cooper,21 Barbara Edelheit,22 Miriah Gillispie-Taylor,23 Kimberly Hays,24

Melissa L. Mannion,7 Rosemary Peterson,25 Elaine Flanagan,26 Nadine Saad,27 Nancy Sullivan,28

Ann Marie Szymanski,29 Rebecca Trachtman,30 Marat Turgunbaev,31 Keila Veiga,32 Amy S. Turner,31

and James T. Reston28

Objective. To provide recommendations for the management of juvenile idiopathic arthritis (JIA) with a focus on
nonpharmacologic therapies, medication monitoring, immunizations, and imaging, irrespective of JIA phenotype.

Methods. We developed clinically relevant Patient/Population, Intervention, Comparison, and Outcomes ques-
tions. After conducting a systematic literature review, the Grading of Recommendations Assessment, Development
and Evaluation approach was used to rate the quality of evidence (high, moderate, low, or very low). A Voting Panel
including clinicians and patients/caregivers achieved consensus on the direction (for or against) and strength (strong
or conditional) of recommendations.

Results. Recommendations in this guideline include the use of physical therapy and occupational therapy interven-
tions; a healthy, well-balanced, age-appropriate diet; specific laboratory monitoring for medications; widespread use of
immunizations; and shared decision-making with patients/caregivers. Disease management for all patients with JIA is
addressed with respect to nonpharmacologic therapies, medication monitoring, immunizations, and imaging. Evidence
for all recommendations was graded as low or very low in quality. For that reason, more than half of the recommenda-
tions are conditional.

Conclusion. This clinical practice guideline complements the 2019 American College of Rheumatology JIA and
uveitis guidelines, which addressed polyarthritis, sacroiliitis, enthesitis, and uveitis, and a concurrent 2021 guideline

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 considers
adherence to the recommendations within this guideline to be voluntary, with the ultimate determination regarding their
application to be made by the physician in light of each patient’s individual circumstances. Guidelines and recommenda-
tions are intended to promote beneficial or desirable outcomes but cannot guarantee any specific outcome. Guidelines
and recommendations developed and endorsed by the ACR are subject to periodic revision as warranted by the evolution
of medical knowledge, technology, and practice. ACR recommendations are not intended to dictate payment or insur-
ance decisions, and drug formularies or other third-party analyses that cite ACR guidelines should state this. These rec-
ommendations 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
any commercial product or service.
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on oligoarthritis, temporomandibular arthritis, and systemic JIA. It serves as a tool to support clinicians, patients, and
caregivers in decision-making. The recommendations take into consideration the severity of both articular and nonar-
ticular manifestations as well as patient quality of life. Although evidence is generally low quality and many recommen-
dations are conditional, the inclusion of caregivers and patients in the decision-making process strengthens the
relevance and applicability of the guideline. It is important to remember that these are recommendations. Clinical deci-
sions, as always, should be made by the treating clinician and patient/caregiver.

INTRODUCTION

Reflecting the changingmedical landscape, the American Col-
lege of Rheumatology (ACR) regularly updates clinical practice
guidelines and plans to review these annually and update as
needed. The process for updating the 2011 and 2013 juvenile idio-
pathic arthritis (JIA) guidelines (1,2) began in 2017. Important clini-
cal topics for consideration were first identified at a meeting to
define the scope of the guidelines. Advances in the treatment of
JIA and better understanding of pathogenesis dictated separating
this clinical practice guideline into several parts due to the breadth
of topics. The first part, addressing polyarthritis, sacroiliitis, enthesi-
tis, and uveitis, was published in 2 articles in 2019 (3,4). The sec-
ond part, presented here in 2 articles, covers 1) oligoarthritis,
temporomandibular joint (TMJ) arthritis, and systemic JIA, and 2)
nonpharmacologic treatments, patient monitoring, immunizations,
and imaging (5). The methods and literature review described
below reflect the unified process used for the second part of these
guidelines, including both articles.

We developed clinically relevant Patient/Population, Interven-
tion, Comparison, and Outcomes (PICO) questions. Using Grad-
ing of Recommendations Assessment, Development and
Evaluation (GRADE) methodology, recommendations were then
developed based on the best available evidence for commonly
encountered clinical scenarios. Prior to final voting, input was

sought from relevant stakeholders including a panel of young
adults with JIA and caregivers of children with JIA to consider their
values and perspectives in making recommendations. Both the
patient/caregiver and guideline Voting Panels stressed the need
for individualized treatment while being mindful of available evi-
dence and the need to include recommendations on nonpharma-
cologic therapies.

METHODS

This guideline followed the ACR guideline development pro-
cess and ACR policy guiding management of conflicts of
interest and disclosures (https://www.rheumatology.org/Practice-
Quality/Clinical-Support/Clinical-Practice-Guidelines), which include
GRADE methodology (6,7), and adheres to Appraisal of Guidelines,
Research and Evaluation criteria (8). Supplementary Appendix 1
(available on the Arthritis Care & Research website at https://
onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract) includes
a detailed description of the methods. Briefly, the Core Leadership
Team (KBO, DBH, DJL, SS) drafted clinical PICO questions. PICO
questions were revised and finalized based on feedback from
the entire guideline development group and the public. The Litera-
ture Review Team performed systematic literature reviews for
each PICO (for search terms, see Supplementary Appendix 2,

This article is published simultaneously in Arthritis & Rheumatology.
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https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract),
graded the quality of evidence (high, moderate, low, or very low),
and produced the evidence report (Supplementary Appendix 3,
https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract).
It should be noted that GRADE methodology does not distin-
guish between lack of evidence (i.e., none) and very low–quality
evidence. The Core Team defined multiple critical study
outcome(s) for PICOs relevant to each JIA phenotype
(Supplementary Appendix 4, https://onlinelibrary.wiley.com/doi/
10.1002/acr.24839/abstract).

A panel of 15 members, including young adults with JIA
and caregivers of children with JIA, met virtually (moderated by
the principal investigator [KBO]), reviewed the evidence report,
and provided input to the Voting Panel. Two members of this
panel were also members of the Voting Panel to ensure that
the patient voice was part of the entire process. The Voting
Panel reviewed the evidence report and patient/caregiver per-
spectives and then discussed and voted on recommendation
statements. Consensus required ≥70% agreement on both
direction (for or against) and strength (strong or conditional) of
each recommendation, as per ACR practice. A recommenda-
tion could be either in favor of or against the proposed interven-
tion and either strong or conditional. According to GRADE, a
recommendation is categorized as strong if the panel is very
confident that the benefits of an intervention clearly outweigh
the harms (or vice versa); a conditional recommendation
denotes uncertainty regarding the balance of benefits and

harms, such as when the evidence quality is low or very low, or
when the decision is sensitive to individual patient preferences,
or when costs are expected to impact the decision. Thus, con-
ditional recommendations refer to decisions in which incorpora-
tion of patient preferences is a particularly essential element
of decision-making. Examples of each class of intervention
addressed in the recommendations are shown in Table 1.
Rosters of the Core Leadership Team, Literature Review Team,
and both panels are included in Supplementary Appendix 5
(https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract).

Guiding principles

The development of the recommendations presented herein
was guided by the following principles:

1. Consistent with the ACR’s 2019 JIA guidelines, these recom-
mendations are for persons already diagnosed as having JIA.

2. Coexisting extraarticular conditions that would influence dis-
ease management and monitoring, such as uveitis, psoriasis,
or inflammatory bowel disease, are not addressed within these
guidelines.

3. Recommendations for immunizations were evaluated to be
consistent with guidelines from the American Academy of
Pediatrics (AAP) and the Advisory Committee on Immunization
Practices (ACIP) while taking into consideration the unique
needs of persons with JIA.

4. Recommendations are intended to be used by all clinicians
caring for persons with JIA.

5. Shared decision-making with families and patients is critical.

RESULTS/RECOMMENDATIONS

The initial literature review (through August 7, 2019) identified
4,308 articles in searches for all PICO questions pertaining to oli-
goarthritis, TMJ arthritis, systemic JIA, and the topics addressed
in this report, including nonpharmacologic therapies, nutrition,
supplements, medication monitoring, immunizations, and imag-
ing. A July 9, 2020 search update identified 367 more references,
for a total of 4,675 articles after duplicates and non-English publi-
cations were removed. After exclusion of 2,291 titles and
abstracts, 2,384 full-text articles were screened. Of these, 1,939
were excluded (Supplementary Appendix 6, on the Arthritis Care

& Research website at https://onlinelibrary.wiley.com/doi/
10.1002/acr.24839/abstract), leaving 445 articles to be consid-
ered for the evidence report. Ultimately, 336 articles were
matched to PICO questions and included in the final evidence
report. Quality of evidence was uniformly low or very low; 17 PICO
questions lacked any associated evidence and, as per GRADE
methodology, were categorized as very low (Tables 2–6). The rec-
ommendations that follow are based on 62 PICO questions. Sev-
eral PICO questions were split into 24 sub-PICO questions to

Table 1. Classes of interventions

Nonsteroidal
antiinflammatory drugs

Any at therapeutic dosing
(ibuprofen, naproxen, tolmetin,
indomethacin, meloxicam,
nabumetone, diclofenac,
piroxicam, etodolac, celecoxib)

Conventional synthetic
disease-modifying
antirheumatic drugs

Methotrexate, sulfasalazine,
hydroxychloroquine,
leflunomide, calcineurin
inhibitors (cyclosporin A,
tacrolimus)

Biologic disease-modifying
antirheumatic drugs

Tumor necrosis factor inhibitors
(adalimumab, etanercept,
infliximab, golimumab,
certolizumab pegol); other
biologic response modifiers
(abatacept, tocilizumab,
anakinra, canakinumab)

Targeted synthetic disease-
modifying antirheumatic
drugs

JAK inhibitor (tofacitinib)

Glucocorticoids Oral (any); intravenous (any);
intraarticular (triamcinolone
acetonide, triamcinolone
hexacetonide)

Immunizations Live attenuated; inactivated
Nonpharmacologic therapies Physical therapy; occupational

therapy; dietary changes;
herbal supplements
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improve specificity. Nine questions initially posed were discarded
by the Voting Panel because of redundancy or lack of relevance.
Final recommendations are described below and in Tables 3–6,
which include reference(s) to which PICO question(s) in the evi-
dence report correspond to the recommendation statement.

Nonpharmacologic therapies (Table 3)

Patient/caregiver panelists specifically asked that recom-
mendations for nonpharmacologic treatment be included in this
guideline, although they understood that evidence to support
specific statements is generally lacking.

Physical and occupational therapy (PT/OT)

PT and OT are conditionally recommended regardless of
concomitant pharmacologic therapy.

Reasons for using PT or OT include maintaining or
improving joint range of motion (particularly for contractures),
improving strength, reversing functional deficits, improving
endurance, preventing injury, and promoting improved partici-
pation in activities of daily living, family routines, and occupa-
tions (9,10).

Nutrition

A discussion of healthy, age-appropriate diet is strongly
recommended.

Use of a specific diet to treat JIA is strongly recom-
mended against.

Ample evidence supports the value of a healthy, balanced,
nutrient-dense diet for all children, with consideration of specific
age-appropriate nutritional requirements (e.g., fat, calcium)

Table 2. Strength of recommendations and quality of supporting evidence

Topic

Strength of recommendation Quality of supporting evidence

No. of recommendations Conditional Strong Very low Low Moderate High

Nonpharmacologic therapies 4 2 2 4 0 0 0
Medication monitoring* 20 17 3 17 0 0 0
Infection surveillance/immunizations 7 3 4 5 2 0 0
Imaging 2 1 1 2 0 0 0
Total 33 23 10 28 2 0 0

* Lack of evidence for tofacitinib given the US Food and Drug Administration approval date.

Table 3. Nonpharmacologic therapies*

Recommendation

Certainty
of

evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

A discussion of healthy, age-appropriate diet is
strongly recommended.

Very low PICO 7. In children with oligoarticular JIA, should dietary or
herbal interventions be recommended, in addition to
whatever other therapeutic options are given, versus not
recommending them?

48–49

Use of a specific diet to treat JIA is strongly
recommended against.

Very low PICO 7. In children with oligoarticular JIA, should dietary or
herbal interventions be recommended, in addition to
whatever other therapeutic options are given, versus not
recommending them?

48–49

Use of supplemental or herbal interventions
specifically to treat JIA is conditionally
recommended against.

Very low PICO 17. In children with JIA with active TMJ arthritis, should
dietary or herbal interventions be recommended, in
addition to whatever other therapeutic options are given,
versus not recommending them?

60

Physical and occupational therapy are
conditionally recommended regardless of
concomitant pharmacologic therapy.

Very low PICO 8. In children with oligoarticular JIA, regardless of disease
activity and poor prognostic features, should PT/OT versus
no PT/OT (regardless of concomitant medical therapy) be
recommended?

PICO 18. In children with JIA with active TMJ arthritis,
regardless of disease activity and poor prognostic features,
should PT versus no PT (regardless of concomitant medical
therapy) be recommended?

49–51

60

* PICO = Patient/Population, Intervention, Comparison, and Outcomes; JIA = juvenile idiopathic arthritis; TMJ = temporomandibular joint;
PT = physical therapy; OT = occupational therapy.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract.
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Table 4. Medication monitoring*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

NSAIDs: Monitoring via CBC counts, LFTs, and renal
function tests every 6–12 months is conditionally
recommended.

Very low PICO 30. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel, and urinalysis) for children receiving long-
term daily NSAID treatment?

144–145

MTX: Monitoring via CBC counts, LFTs, and renal
function tests within the first 1–2 months of usage
and every 3–4 months thereafter is strongly
recommended.

Very low PICO 31. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel) for children being treated with MTX (oral or
subcutaneous)?

145–150

Decreasing the MTX dosage or withholding MTX is
conditionally recommended if a clinically relevant
elevation in LFT results or decreased neutrophil or
platelet count is found.

Very low PICO 32. After MTX (oral or subcutaneous) is initiated, is
there a recommended medication change in
response to elevated LFT results and decreased
neutrophil or platelet count?

150–153

Use of folic/folinic acid in conjunction with MTX is
strongly recommended.

Very low PICO 7. In children with oligoarticular JIA, should dietary
or herbal interventions be recommended, in
addition to whatever other therapeutic options are
used, versus not recommending them?

60

SSZ: Monitoring via CBC counts, LFTs, and renal
function tests within the first 1–2 months of usage
and every 3–4 months thereafter is conditionally
recommended.

Very low PICO 33. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel) for children with JIA being treated with SSZ?

153–155

Decreasing the SSZ dosage or withholding SSZ is
conditionally recommended if a clinically relevant
elevation in LFT results or decreased neutrophil or
platelet count is found.

Very low PICO 34. After SSZ is initiated, is there a recommended
medication change in response to elevated LFT
results and decreased neutrophil or platelet count?

155–157

LEF: Monitoring via CBC counts and LFTs within the
first 1–2 months of usage and every 3-4 months
thereafter is conditionally recommended.

Very low PICO 35. Should children with JIA receiving LEF have
serum creatinine testing, urinalysis, CBC count, and
LFTs before and during treatment, per
manufacturer’s recommendations?

157–158

Altering LEF administration is conditionally
recommended if a clinically relevant elevation in
LFT results occurs (temporary withholding of LEF if
the ALT level is >3 times the upper limit of normal
[ULN]), as per the package insert.

Very low PICO 36. After LEF is initiated, should medication
dosage be altered according to the package insert in
response to elevated LFT results?

158–159

Baseline and annual retinal screening after starting
HCQ are conditionally recommended.

Very low PICO 37. Should children with JIA receiving treatment
with HCQ have annual screening tests with
automated visual fields, if age appropriate, plus
spectral-domain optical coherence tomography,
versus starting annual screening 5 years after
treatment initiation?

159

HCQ: Monitoring via CBC counts and LFTs annually is
conditionally recommended.

Very low PICO 38. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel) for children with JIA being treated with HCQ?

159

TNFi: Monitoring via CBC counts and LFTs annually is
conditionally recommended.

Very low PICO 39. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel, and urinalysis) for children with JIA receiving
TNFi treatment?

160–161

Abatacept: Doing no routine laboratory monitoring is
conditionally recommended.

Very low PICO 40. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel, and urinalysis) for children with JIA receiving
abatacept treatment?

161–162

Tocilizumab: Monitoring via CBC counts and LFTs
within the first 1–2 months of usage and every 3–4
months thereafter is conditionally recommended.

Monitoring of lipid levels every 6 months is
conditionally recommended, as per the package
insert.

Very low PICO 41. Should children with JIA receiving tocilizumab
have serum creatinine testing, urinalysis, CBC count,
and LFTs before and during treatment, per
manufacturer’s recommendations?

162

(Continued)
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(11,12). Therefore, it is worthwhile to address the importance of
an age-appropriate diet (13). However, there is no evidence to
date that supports the use of a specific diet alone to treat JIA
(14,15). Furthermore, some overly restrictive diets (e.g., gluten-
free, dairy-free) may result in nutritional deficits and risk of other
harms (e.g., delay in treatment, cost, inconvenience).

Supplements

Use of supplemental or herbal interventions specifically
to treat JIA is conditionally recommended against.

Voting panelists had concerns about the safety of unreg-
ulated supplements and herbal formulations and stressed the
importance of discussion and transparency regarding their
use. Some evidence of efficacy supports the use of supple-
ments (e.g., fish oils) to treat joint inflammation in adults,
but there are only very limited efficacy and safety data for
JIA (16).

Monitoring

Medications (Tables 4 and 5)

When making decisions regarding laboratory monitoring to
detect medication toxicity, the risk of adverse events and
patients’/caregivers’ desire for safety should be balanced with
the pain, inconvenience, and cost of phlebotomy and laboratory
tests. The following recommendations pertain to specific medica-
tions or medication classes. If a child is receiving >1 medication,
the more frequent schedule for laboratory testing is recom-
mended. In formulating the recommendations below, the Voting
Panel considered the US Food and Drug Administration (FDA)
prescription drug labels (package inserts) in addition to the stud-
ies included in the systematic review.

For medications that are known teratogens (e.g., methotrexate,
leflunomide), when applicable, pregnancy testing should be

considered before usage, and counseling on effective methods

of contraception is recommended (17). When required by the

Table 4. (Cont’d)

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

Altering tocilizumab administration is conditionally
recommended if monitoring reveals elevated
LFT results (if 1–3 times the ULN, decrease the
dosage or increase the interval between doses, if
>3 times the ULN, withhold administration,
if >5 times the ULN, discontinue treatment),
neutropenia (500–1,000/mm3), or thrombocytopenia
(50,000–100,000/mm3), as per the package insert.

Very low PICO 42. After tocilizumab is initiated, should
medication dosage be altered according to the
package insert in response to elevated LFT results,
neutropenia, and/or thrombocytopenia?

163

Anakinra: Monitoring via CBC counts and LFTs within
the first 1–2 months of usage and every 3–4 months
thereafter is conditionally recommended.

Very low PICO 43. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel, and urinalysis) for children with JIA receiving
anakinra treatment?

163–164

Canakinumab: Monitoring via CBC counts and LFTs
within the first 1–2 months of usage and every 3–4
months thereafter is conditionally recommended.

Very low PICO 44. Is there a recommended laboratory screening
schedule (CBC count, comprehensive metabolic
panel, and urinalysis) for children with JIA receiving
canakinumab treatment?

164

Tofacitinib: Monitoring via CBC counts and LFTs
within the first 1–2 months of usage and every 3–4
months thereafter is conditionally recommended.

Monitoring of lipid levels 1–2 months after starting
treatment is conditionally recommended, as per
the package insert.

Altering tofacitinib administration is strongly
recommended if monitoring reveals laboratory
abnormalities of concern. Specifically, medication
should be discontinued if the hemoglobin level is
<8 gm/dl or decreases by >2 gm/dl, or for severe
neutropenia (<500/mm3) or lymphopenia (<500/
mm3), as per the package insert.

‡ ‡ ‡

* PICO = Patient/Population, Intervention, Comparison, and Outcomes; NSAIDs = nonsteroidal antiinflammatory drugs; CBC = complete blood
cell; LFTs = liver function tests; MTX = methotrexate; JIA = juvenile idiopathic arthritis; SSZ = sulfasalazine; LEF = leflunomide; ALT = alanine ami-
notransferase; ULN = upper limit of normal; HCQ = hydroxychloroquine; TNFi = tumor necrosis factor inhibitor.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract.
‡ Given recent approval for JIA and limited experience, recommendations are based on clinical trial, US Food and Drug Administration guid-
ance, and evidence in adults.
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FDA, a Risk Evaluation and Mitigation Strategy should be

applied (18).

Baseline laboratory testing is conditionally recom-
mended prior to treatment initiation, for all medications.

Baseline laboratory evaluation is recommended to identify
potential contraindications to a specific treatment. This should
include complete blood cell count (CBC) with differential cell count
and liver function tests (LFTs) (e.g., alanine aminotransferase [ALT]
and aspartate aminotransferase), plus renal function tests
(e.g., blood urea nitrogen, creatinine, and urinalysis) for patients
being treated with methotrexate, sulfasalazine, or nonsteroidal anti-
inflammatory drugs (NSAIDs) and lipid profiles for patients being
treated with tocilizumab and tofacitinib. Additional laboratory testing
may be performed at the discretion of the treating clinician.

NSAIDs (all)

Monitoring via CBC counts, LFTs, and renal function
tests every 6–12 months is conditionally recommended.

NSAIDs are known to be associated with gastrointestinal
(GI) bleed risk and liver and kidney toxicity in adults with rheumatic
diseases. Although these may be rare in children, the Voting Panel
deemed it important to monitor for laboratory abnormalities peri-
odically in children receiving long-term NSAIDs. Because GI

distress when consistently taking NSAIDs is common, patients/
caregivers strongly suggested that clinicians should inquire about
and potentially treat GI symptoms, which may not always be
spontaneously reported (19,20).

Methotrexate

Monitoring via CBC counts, LFTs, and renal function
tests within the first 1–2 months of usage and every 3–4
months thereafter is strongly recommended.

Voting panelists debated whether frequent methotrexate
toxicity monitoring (as per the package instructions, i.e., CBC
count monthly and renal/liver function every 1–2 months) should
be recommended for children, given the low incidence of liver tox-
icity (21,22). However, rare potential for serious harm in children
and consistency in monitoring schedule during pediatric-to-adult
care transition influenced the panel’s decision to provide a strong
recommendation for frequent monitoring (23).

Decreasing the methotrexate dosage or withholding
methotrexate is conditionally recommended if a clinically rel-
evant elevation in LFT results or decreased neutrophil or
platelet count is found.

The panel did not reach consensus on specific values to
define elevated LFT results or reduced cell counts. Clinically

Table 5. Medication monitoring*

MTX†‡ SSZ† LEF‡
Tocili-
zumab

Ana-
kinra Tofacitinib Canakinumab NSAIDs† HCQ TNFi

Aba-
tacept

CBC/diff. count and LFTs
Baseline
1–2 months after
starting

X X X X X X X – – – –

Every 3–4 months
thereafter§

CBC/diff. count and LFTs
Baseline – – – – – – – X – – –

Every 6–12 months
CBC/diff. count and LFTs
Baseline – – – – – – – – X X –

Once yearly
Lipid panel
Baseline – – – X – – – – – – –

Every 6 months
Lipid panel
Baseline – – – – – X – – – – –

4–8 weeks after
starting

Eye examination
Baseline – – – – – – – – X – –

Once yearly
None required – – – – – – – – – – X

* If the patient is receiving >1 medication, a more restrictive schedule should be used. MTX = methotrexate; SSZ = sulfasalazine;
LEF = leflunomide; NSAIDs = nonsteroidal antiinflammatory drugs; HCQ = hydroxychloroquine; TNFi = tumor necrosis factor inhibitor; CBC/diff.
= complete blood cell with differential; LFTs = liver function tests.
† Include renal function testing with laboratory studies.
‡ Pregnancy testing should be considered before use, and counseling on use of effective methods of contraception is recommended.
§ Should be rechecked sooner if dosage is increased.
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relevant laboratory abnormalities may include repetitive minor
abnormalities or a single major abnormality. LFT results may be
transiently elevated if testing is done within 2 days after adminis-
tration of methotrexate; hence, testing within this window is
discouraged.

Use of folic/folinic acid in conjunction with methotrexate
is strongly recommended.

Use of folic/folinic acid with methotrexate may mitigate
adverse events and improve tolerability (24,25).

Sulfasalazine

Monitoring via CBC counts, LFTs, and renal function
tests within the first 1–2 months of usage and every 3–4
months thereafter is conditionally recommended.

Recommended monitoring is less frequent than sug-
gested in the package insert for sulfasalazine (which suggests
CBC counts and LFTs every second week in the first 3 months,
monthly during the next 3 months, and then every 3 months)
because most children have fewer comorbidities and poly-
pharmacy usage is rare, allowing for fewer drug inter-
actions (26–28).

Decreasing the sulfasalazine dosage or withholding sul-
fasalazine is conditionally recommended if a clinically rele-
vant elevation in LFT results or decreased neutrophil or
platelet count is found.

While adverse reactions can be serious, including
Stevens-Johnson syndrome or drug reaction with eosinophilia
and systemic symptoms syndrome (DRESS) (29), the Voting
Panel thought the data were too limited to make this recom-
mendation strong.

Leflunomide

Monitoring via CBC counts and LFTs within the first 1–2
months of usage and every 3–4 months thereafter is condi-
tionally recommended.

Recommended LFT monitoring is less frequent than sug-
gested in the leflunomide package insert (which recommends
CBC counts and ALT testing monthly for 6 months and then every
6–8 weeks) (30) because most children have fewer comorbidities
and polypharmacy usage is rare, allowing for fewer drug interac-
tions (31).

Altering leflunomide administration is conditionally recom-
mended if a clinically relevant elevation in LFT results occurs
(temporary withholding of leflunomide if the ALT level is >3
times the upper limit of normal [ULN]), as per the package insert.

Elimination of leflunomide can be accelerated with the use of
cholestyramine or activated charcoal (30), when required.

Hydroxychloroquine

Monitoring via CBC counts and LFTs annually is
conditionally recommended.

As per the hydroxychloroquine package insert (32), periodic
laboratory monitoring should be performed if patients are receiv-
ing prolonged therapy.

Baseline and annual retinal screening after starting
hydroxychloroquine are conditionally recommended.

Yearly screening should be performed in pediatric patients,
rather than waiting 5 years between baseline and subsequent
annual screening as recommended for hydroxychloroquine-treated
adults (33). The cumulative and developmental effects of hydroxy-
chloroquine are a concern because children may be receiving treat-
ment for prolonged periods and may not be able to articulate vision
concerns. Baseline retinal screening should be completed as soon
as possible and combined with screening for uveitis when feasible.
Treatment does not need to be delayed for initial retinal screening.

Tumor necrosis factor inhibitors (TNFi) (all)

Monitoring via CBC counts and LFTs annually is condi-
tionally recommended.

As per package inserts, cytopenias and abnormal LFTs have
been reported in association with TNFi treatment. Therefore, eval-
uation yearly at minimum is recommended (34,35).

Abatacept

Doing no routine laboratory monitoring is conditionally
recommended.

In placebo-controlled clinical trials of abatacept for
JIA, children had similar CBC counts and LFT results irrespective
of treatment arm (36), and no laboratory monitoring is suggested
in the package insert (37). The decision to perform laboratory
monitoring may be discussed with patients/caregivers who, like
some of the voting panelists, may prefer routine monitoring to
identify potential adverse events, even if rare.

Tocilizumab

Monitoring via CBC counts and LFTs within the first
1–2 months of usage and every 3–4 months thereafter is con-
ditionally recommended.

Monitoring of lipid levels every 6 months is conditionally
recommended, as per the package insert.
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Altering tocilizumab administration is conditionally
recommended if monitoring reveals elevated LFT results
(if 1–3 times the ULN, decrease the dosage or increase
the interval between doses, if >3 times the ULN, withhold
administration, if >5 times the ULN, discontinue treat-
ment), neutropenia (500–1,000/mm3), or thrombocytopenia
(50,000–100,000/mm3), as per the package insert.

As per the package insert, initiation of tocilizumab treat-
ment is not recommended in patients with elevated LFT results
(>1.5 times the ULN) (38). In patients in whom LFT results
become highly elevated (>5 times the ULN), treatment should
be discontinued. The package insert does state that the
decision to discontinue tocilizumab due to a laboratory
abnormality should be based on the medical assessment of
the individual patient. For that reason, this recommendation is
conditional.

Anakinra

Monitoring via CBC counts and LFTs within the first 1–2
months of usage and every 3–4 months thereafter is condi-
tionally recommended.

Abnormal LFTs and neutropenia may occur with the use of
anakinra (39). For that reason, as well as the severity of the under-
lying disease, regular monitoring should be performed.

Canakinumab

Monitoring via CBC counts and LFTs within the first 1–2
months of usage and every 3–4 months thereafter is condi-
tionally recommended.

Abnormal LFT results and cytopenias were noted during a
phase III clinical trial of canakinumab for systemic JIA (40). For that
reason, as well as the severity of the underlying disease, regular
monitoring should be performed.

Tofacitinib

Monitoring via CBC counts and LFTs within the first 1–2
months of usage and every 3–4 months thereafter is condi-
tionally recommended.

Monitoring of lipid levels 1–2 months after starting treat-
ment is conditionally recommended, as per the package
insert.

Altering tofacitinib administration is strongly recom-
mended if monitoring reveals laboratory abnormalities of
concern. Specifically, medication should be discontinued if the
hemoglobin level is <8 gm/dl or decreases by >2 gm/dl, or for

severe neutropenia (<500/mm3) or lymphopenia (<500/mm3),
as per the package insert.

Data on tofacitinib were not part of the initial literature review,
but the panel considered it important to include this recommen-
dation because in 2020 tofacitinib was approved by the FDA for
treatment of JIA (41). An additional Voting Panel session was
organized for this purpose.

Infection surveillance (Table 6)

Tuberculosis (TB)

TB screening is conditionally recommended prior to
starting biologic disease-modifying antirheumatic drug
(DMARD) therapy and when there is a concern for TB expo-
sure thereafter.

Concern for TB exposure should be interpreted broadly and
could include contact with someone with active TB, travel to
locations where TB is endemic, contact with high-risk individuals
(e.g., prisoners, visitors from TB-endemic areas), or living in
communities with a higher frequency of TB (42,43). The condi-
tional recommendation reflects 2 major concerns: In certain
urgent clinical situations, the harms of waiting for results of TB
screening may outweigh the benefits of treatment. For example,
in a child with active systemic JIA and macrophage activation
syndrome (MAS), treatment should not be delayed pending TB
screening results. Annual screening for TB can pose problems
for children and families. Insurers or institutions may require a
specific method that is potentially problematic (44,45). For
example, TB screening may be done by questionnaire; however,
this depends on knowledge of exposure. The interferon-γ
release assay is expensive, not valid in young children, and sub-
ject to frequent indeterminate results, particularly during anergy.
Tuberculin skin testing is user dependent and inconvenient
because 2 visits are required. In addition, false-positive results
often lead to unnecessary chest radiography and isoniazid treat-
ment. For children living in areas with a low prevalence of TB,
mandatory annual laboratory-based TB screening represents a
high burden of cost, inconvenience, and pain that is not sup-
ported by the literature reviewed.

Viral infections

Voting panelists could not reach consensus on whether all
children with JIA should have antibody titers for specific infec-
tions (e.g., measles, varicella, hepatitis B, hepatitis C) checked
prior to starting immunosuppressive medication, although
more panelists were against this practice than for it. Some pan-
elists believed the information might be useful for risk manage-
ment in case of an outbreak or exposure. Most believed that
screening a fully immunized child was of low benefit and might
delay treatment and incur unnecessary cost. Although
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screening for hepatitis B and C is done in adults prior to treat-
ment with DMARDs, most children are effectively immunized
against hepatitis B as infants (46), and the number of children
below the age of 19 years with hepatitis C in the US remains
exceedingly low (47).

Immunizations (Table 6)

Because some patients/caregivers have concerns about the
safety of vaccines in JIA, clinicians must discuss with families the evi-
dence that strongly supports their benefits and safety. Whenever
possible, immunizations should be administered according to the
schedule recommended by the ACIP and the AAP or corresponding
national recommendations. As immunization schedules are fre-
quently updated, clinicians should ensure that they are using the

most recent versions (48). Multiple cohort studies have demonstrated
that most children with JIA mount a protective response after immu-
nizations and that immunizations do not cause disease flare (49–52).

Annual inactivated influenza immunization is strongly
recommended for all children with JIA

All children with JIA, including children receiving immuno-

suppressive medication, should receive inactivated influenza

immunizations annually (53). This recommendation is strong

despite very low evidence in JIA, given the overwhelming pre-

ponderance of supporting literature in other inflammatory dis-

eases and the risk of severe infection (54–57). Intranasal

influenza immunization is contraindicated for children with JIA

who are receiving immunosuppressive treatment, as it is a live

attenuated immunization.

Table 6. Infection surveillance/immunizations*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s). of
evidence
tables†

No consensus achieved. Very low PICO 45. Should all children with JIA have infection
titers (measles, varicella, hepatitis B, hepatitis C)
checked prior to starting immunosuppressive
medication?

164–166

Immunization is conditionally recommended for
children with active non-systemic JIA who have
not yet been immunized for measles, mumps,
rubella, and/or varicella prior to starting
immunosuppressive medications.

Very low PICO 46. Should children with JIA with no evidence of
immunity to important infections have a booster
immunization prior to starting immunosuppressive
medication?

166

TB screening is conditionally recommended prior
to starting biologic DMARD therapy and when
there is a concern for TB exposure thereafter.

Very low

Very low

PICO 47. Should screening for TB be done prior to
starting biologic DMARD therapy and then annually
in children with JIA?

PICO 48. In children with JIA receiving biologic DMARD
therapy, is there a preferred method of TB
screening?

167–169

169–171

Immunizations (live and inactivated) are strongly
recommended for children with JIA who are not
receiving immunosuppressive treatment.

Very low PICO 49. In children with JIA not receiving
immunosuppressive treatment, do inactivated or
live attenuated vaccines result in flare of disease?

172–175

Annual inactivated influenza immunization is
strongly recommended for all children with JIA.

Low PICO 50. In children with JIA not receiving
immunosuppressive treatment, are patients able to
develop protective antibodies against infections
targeted by the vaccine?

PICO 52. In children with JIA receiving
immunosuppressive treatment, are patients able to
develop protective antibodies against infections
targeted by the vaccine?

175–179

184–195

Inactivated vaccines are strongly recommended for
children who are receiving immunosuppressive
treatment.

Very low PICO 51. In children with JIA receiving
immunosuppressive treatment, do inactivated
vaccines result in flare of disease?

180–184

Live attenuated vaccines are conditionally
recommended against in children with JIA who are
receiving immunosuppressive treatment.

Low PICO 53. In children with JIA receiving
immunosuppressive treatment, can treatment with
live attenuated vaccines be given safely (initial dose,
booster dose)?

195–198

Vaccines are strongly recommended for household
contacts of children with JIA who are receiving
immunosuppressive treatment.

Very low PICO 54. Can live attenuated vaccines be used safely in
the households of children with JIA receiving
immunosuppressive treatment?

198

* PICO = Patient/Population, Intervention, Comparison, and Outcomes; JIA = juvenile idiopathic arthritis; TB = tuberculosis; DMARD = disease-
modifying antirheumatic drug.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract.
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Immunizations (live attenuated and inactivated) are
strongly recommended for children with JIA who are not
receiving immunosuppressive treatment

Children with JIA have a higher risk of severe infection
compared to unaffected children, making adequate protec-
tions against infection essential (58). Considerations of the
relative degree of immunosuppression from various immuno-
suppressive medications used for JIA is beyond the scope of
this project. To err on the side of safety, these recommenda-
tions apply equally to any child receiving an immunosuppres-
sive medication for JIA (e.g., DMARDs, long-term systemic
glucocorticoids) (59).

Inactivated vaccines are strongly recommended for chil-
dren with JIA who are receiving immunosuppressive treatment.

Persons with JIA should receive inactivated vaccines as per
location-specific, published age-related schedule. Specifically,
children undergoing immunosuppressive treatment should
receive the 23-valent pneumococcal polysaccharide vaccine in
addition to the 13-valent pneumococcal conjugate vaccine rec-
ommended for all children (60,61).

Live attenuated vaccines are conditionally recom-
mended against in children with JIA who are receiving immu-
nosuppressive treatment.

As reported by the US Centers for Disease Control and Preven-
tion (CDC), severe complications have followed vaccination with
certain live attenuated viral and bacterial vaccines among immuno-
suppressed persons (62). Therefore, guidelines recommend that per-
sons with most forms of altered immunocompetence should not
receive live attenuated vaccines. According to the CDC, live-virus
vaccination should be deferred for 1–6 months after discontinuation
of immunosuppressive treatment, depending on the specific agent
(62). There is some evidence that booster immunization with live
attenuated vaccinesmay be safe for children with JIA who are receiv-
ing certain specific immunosuppressants (52,63). More work is
needed to support a formal recommendation in this setting, as stud-
ies thus far have been underpowered to detect rare, serious harms.

Immunization is conditionally recommended for children
with active non-systemic JIA who have not yet been immu-
nized for measles, mumps, rubella, and/or varicella prior to
starting immunosuppressive medications.

This recommendation excludes active, untreated systemic
JIA in which delaying treatment initiation for vaccinations may be
prohibitive. As per the CDC, immunosuppressive therapy should
not be initiated until 4 weeks after administration of a live vaccine
and ideally 2 weeks after administration of an inactivated vaccine.
If withholding/delaying medication is not feasible, live-attenuated
vaccine immunization should be deferred and given at a later time
when disease is in remission and the child is no longer being
treated (64).

Vaccines are strongly recommended for household con-
tacts of children with JIA who are receiving immunosuppres-
sive treatment.

Immunization of household members of immunosuppressed
children is critical to diminish exposure in the home. Household con-
tacts and other close contacts of persons with altered immunocom-
petence should receive all age- and exposure-appropriate
vaccines, whether inactivated or live, with the exception of smallpox
vaccine (59,65). If a family member has received varicella vaccine
and develops a rash, direct contact should be avoided until the rash
resolves. Likewise, all members of the household should wash their
hands after changing the diaper of an infant who recently received
rotavirus vaccine, to minimize transmission. If concerns remain,
CDC or local guidelines can be reviewed prior to immunization.

Imaging (Table 7)

Use of radiography as a screening test prior to advanced
imaging, for the purpose of identifying active synovitis or
enthesitis, is strongly recommended against.

Radiography is not sensitive enough to assess joint inflam-
mation and enthesitis in children and may delay clinically appropri-
ate imaging and treatment (66–68). Unnecessary radiation can
result in significant harm to developing children (69). Conventional

Table 7. Imaging*

Recommendation

Certainty
of

evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

Use of radiography as a screening test prior to
advanced imaging, for the purpose of identifying
active synovitis or enthesitis, is strongly
recommended against.

Very low PICO 55. In children with JIA, is any specific imaging
technique recommended to best detect inflammation
and damage, make a diagnosis, and predict structural
damage, flare, or treatment response?

199–268

Imaging guidance is conditionally recommended for
use with intraarticular glucocorticoid injections of
joints that are difficult to access, or to specifically
localize the distribution of inflammation.

Very low PICO 56. In children with JIA who require intraarticular
glucocorticoid injections, should injections be done
with imaging guidance?

269–279

* PICO = Patient/Population, Intervention, Comparison, and Outcomes; JIA = juvenile idiopathic arthritis.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract.
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radiography should be restricted to the assessment of JIA-
associated damage or to investigate alternative diagnoses.

Imaging guidance is conditionally recommended for use
with intraarticular glucocorticoid injections of joints that are
difficult to access, or to specifically localize the distribution
of inflammation.

This recommendation includes ultrasound and/or fluoros-
copy. Specific joints that may be difficult to access include sacro-
iliac joints, hips, TMJs, shoulder, midfoot, and subtalar joints. This
recommendation is conditional because it is dependent on the
skill of the practitioner, availability of imaging, costs, and risk of
delay in treatment (70–72).

DISCUSSION

The recommendations presented in this guideline are a com-
panion to those published in 2019 (3,4) and concurrently (73) and
cover areas not previously addressed in JIA: nonpharmacologic
treatments, medication monitoring, immunization, and imaging.
Similar to recommendations made for oligoarthritis, TMJ arthritis,
and systemic JIA with and without MAS, one must view this
guideline as a road map for future study (Supplementary Appen-
dix 7, available on the Arthritis Care & Research website at
https://onlinelibrary.wiley.com/doi/10.1002/acr.24839/abstract).
Most of the available evidence was very low quality for the relevant
PICO questions, contributing to 23 of the 33 recommendations
being conditional. None of the recommendations were supported
by moderate- or high-quality evidence.

Nowhere is the discrepancy between patient/caregiver inter-
est and available data more evident than in the consideration of
nonpharmacologic therapies, for which recommendations were
included at patient/parent request. Use of specific diets and sup-
plements was discussed extensively by the patient/caregiver
panel, including sharing of suggested regimens and reference
materials. There was a general belief that disease manifestations
could be ameliorated by changes in foods consumed and great
interest in participating in formal research studies on nutritional
interventions. Most panelists recognized the importance of
PT/OT, and inclusion of PT and OT specialists on the Voting Panel
would allow for more specific recommendations in future
guidelines.

Likewise, patients and caregivers discussed the stress of
dealing with chronic illness and the need for mental health inter-
ventions. As recently as 2017, when the scope of this project
was established, mental health care for children and families
affected by rheumatic diseases was not a major focus. For this
reason, although mental health was recognized by the Voting
Panel as important, it was not formally addressed in this guideline.
Future guidelines should include recommendations addressing
mental health screening and treatments, with input from mental
health professionals on the Voting Panel. This is particularly

important given the impact of the COVID-19 pandemic on the
mental health of persons with chronic disease (74).

Medication monitoring remains especially challenging in JIA,
and balancing safety, cost, pain, and inconvenience can be very
difficult. Some panel members asserted that monitoring was per-
haps less important in a generally healthy pediatric population rel-
ative to adults with comorbidities. Due to the low frequency of
serious comorbidities and interacting medications, and limited-
to-no exposure to alcohol and other toxins, laboratory abnormal-
ities requiring medication discontinuation are rare in children with
JIA. However, other panel members believed strongly that moni-
toring needs to be routinely performed to identify rare but serious
adverse events. Recommendations as written attempted to bal-
ance these concerns. Future research and guidelines should con-
sider altered, less frequent monitoring schedules for younger
children, given the potentially lower risks of toxicity and greater
risks of frequent testing at the youngest ages.

The list of available immunosuppressive medications for JIA
for which monitoring is required has grown substantially and will
continue to expand. Two new agents were recently approved for
use in polyarticular-course JIA: golimumab (a TNFi) and tofacitinib
(a JAK inhibitor) (41,75). With regard to laboratory testing to
detect abnormalities in monitoring for toxicity, voting panelists
could not agree on a single definition of “clinically relevant” abnor-
mal results and left this to the discretion of treating clinicians.
Caregivers and patients expressed the challenges of balancing
the need to ensure medication safety with the cost and inconve-
nience associated with blood withdrawal. It is hoped that in the
future, effective, reliable treatments that require less monitoring
will be available for JIA.

Voting panelists did believe strongly that age must be taken
into consideration in requirements for infection screening in the
US prior to initiation of treatment with DMARDs. TB, hepatitis B,
and hepatitis C are extremely rare in fully immunized nonimmi-
grant children in the US, and annual TB screening presents a large
and unnecessary burden. There were engaged discussions about
screening for viral infections prior to the use of DMARDs; how-
ever, most thought that lack of immunity in a child known to be
immunized was likely to be rare. Even if antibody titers were low
or absent after vaccination, cell-mediated immunity was consid-
ered likely to be present.

In light of the COVID-19 pandemic, discussion of immuniza-
tions in these guidelines proved to be extremely timely. Despite
the potential severity of vaccine-preventable infections in immu-
nosuppressed populations, vaccine hesitancy remains common.
Nonetheless, preventing infectious illnesses in an immunosup-
pressed patient population is critical. Many families have con-
cerns regarding vaccine safety, immunogenicity, risk of flare, and
other potential long-term consequences. Studies in JIA have
consistently demonstrated the safety and effectiveness of vac-
cines to induce protective immune responses. Regarding
immunization for COVID-19, available immunizations vary by
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age, accessibility, and country. There are currently no prefer-
ences for a specific vaccine in a given population of children
with rheumatic disease. Physicians should refer to local recom-
mendations. At the time this manuscript was approved for pub-
lication, the Pfizer-BioNTech COVID-19 vaccine was approved
in the US for adolescents age ≥16 years (76) and authorized for
emergency use in children 5–15 years of age (77,78). No vac-
cines for COVID-19 were yet available for younger children,
although studies are ongoing. As none of the currently available
vaccines against COVID-19 are live vaccines, recommenda-
tions should be similar to those stated above for inactivated
vaccines. While specific guidance on immunizing children with
rheumatic diseases against COVID-19 is still lacking, the ACR
has published guidance on COVID-19 vaccines for adults with
rheumatic and musculoskeletal diseases (79). Patients and
family members have articulated the importance of health care
providers for reliable medical information. We must be mindful
that clinicians are trusted sources of information about this
important public health issue and should discuss immuniza-
tions with their patients.

With regard to imaging, it is clear that different modalities are
appropriate for different indications. Radiographs are not useful
for evaluation of soft tissue disease, and continued third-party
payor requirements for radiographs prior to any and all magnetic
resonance imaging (MRI) are a waste of resources and a potential
hazard to persons with JIA. MRI itself may require sedation, and
there is concern that repeated sedation in young children may
carry risks (80). More research is needed to define and standard-
ize the best approaches to imaging in children with JIA for differ-
ent diagnostic and disease management decision-making
purposes.

Addressing each area of the JIA guidelines at the same time
proved to be a Herculean task. This update of the ACR JIA guide-
lines has taken 4 years to complete, leading to 4 manuscripts;
certain areas are already ready for further updates. Health care
around the world is quickly changing in unforeseen ways, and
rheumatologists have been thrust into the forefront of recent pan-
demic developments in an unparalleled manner (81). The pace of
change will likely only increase, and guidelines will need to be
updated nimbly and more frequently over time.

The low quality of evidence supporting most of the recom-
mendations underscores the importance of clinical judgment
and shared decision-making in everyday care of patients with
JIA. Similarly, these guidelines and the many uncertainties therein
represent a powerful reminder of the need for more high-quality
evidence to support (or refute) current practices and to improve
disease management in—and well-being of—all individuals living
with JIA.

In conclusion, this 2021 updated ACR guideline for JIA rec-
ommends the use of PT and OT interventions; a healthy, well-bal-
anced, age-appropriate diet; specific laboratory monitoring for
different antirheumatic medications; widespread use of

immunizations; and need for shared decision-making with
patients/caregivers. The JIA guidelines will continue to be
updated as new evidence emerges.
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Objective. To provide updated guidelines for pharmacologic management of juvenile idiopathic arthritis (JIA),
focusing on treatment of oligoarthritis, temporomandibular joint (TMJ) arthritis, and systemic JIA with and without mac-
rophage activation syndrome. Recommendations regarding tapering and discontinuing treatment in inactive systemic
JIA are also provided.

Methods. We developed clinically relevant Patient/Population, Intervention, Comparison, and Outcomes ques-
tions. After conducting a systematic literature review, the Grading of Recommendations Assessment, Development
and Evaluation approach was used to rate the quality of evidence (high, moderate, low, or very low). A Voting Panel
including clinicians and patients/caregivers achieved consensus on the direction (for or against) and strength (strong
or conditional) of recommendations.

Results. Similar to those published in 2019, these JIA recommendations are based on clinical phenotypes of JIA,
rather than a specific classification schema. This guideline provides recommendations for initial and subsequent treat-
ment of JIA with oligoarthritis, TMJ arthritis, and systemic JIA as well as for tapering and discontinuing treatment in
subjects with inactive systemic JIA. Other aspects of disease management, including factors that influence treatment
choice and medication tapering, are discussed. Evidence for all recommendations was graded as low or very low in
quality. For that reason, more than half of the recommendations are conditional.

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 considers adherence to the
recommendations within this guideline to be voluntary, with the ultimate determination regarding their application to be made by
the physician in light of each patient’s individual circumstances. Guidelines and recommendations are intended to promote
beneficial or desirable outcomes but cannot guarantee any specific outcome. Guidelines and recommendations developed
and endorsed by the ACR are subject to periodic revision as warranted 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 uncer-
tainties and nuances of patient care.

The ACR is an independent, professional, medical and scientific society that does not guarantee, warrant, or endorse any
commercial product or service.
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Conclusion. This clinical practice guideline complements the 2019 American College of Rheumatology JIA and
uveitis guidelines, which addressed polyarthritis, sacroiliitis, enthesitis, and uveitis. It serves as a tool to support clini-
cians, patients, and caregivers in decision-making. The recommendations take into consideration the severity of both
articular and nonarticular manifestations as well as patient quality of life. Although evidence is generally low quality
and many recommendations are conditional, the inclusion of caregivers and patients in the decision-making process
strengthens the relevance and applicability of the guideline. It is important to remember that these are recommenda-
tions. Clinical decisions, as always, should be made by the treating clinician and patient/caregiver.

INTRODUCTION

Reflecting the changing medical landscape, the American
College of Rheumatology (ACR) regularly updates clinical practice
guidelines and plans to review these annually and update as
needed. The process for updating the 2011 and 2013 juvenile idi-
opathic arthritis (JIA) guidelines (1,2) began in 2017. Important
clinical topics for consideration were first identified at a meeting
to define the scope of the guidelines. Advances in the treatment
of JIA and better understanding of pathogenesis dictated sepa-
rating this clinical practice guideline into several parts due to the
breadth of topics. The first part, addressing polyarthritis, sacroilii-
tis, enthesitis, and uveitis, was published in 2 articles in 2019 (3,4).
The second part, presented here in 2 articles, covers 1) oligoar-
thritis, temporomandibular joint (TMJ) arthritis, and systemic JIA,
and 2) nonpharmacologic treatments, patient monitoring, immu-
nizations, and imaging (5). The methods and literature review
described below reflect the unified process used for the second
part of these guidelines, including both articles. Recommenda-
tions were intended to be complementary to the 2019 guidelines
and are grouped based on disease phenotype and severity, not
by specific classification criteria, reflecting decision-making in clin-
ical practice.

Following the selection of topics, we developed clinically rele-
vant Patient/Population, Intervention, Comparison, and Out-
comes (PICO) questions. Using Grading of Recommendations
Assessment, Development and Evaluation (GRADE) methodol-
ogy, recommendations were then developed based on the best
available evidence for commonly encountered clinical scenarios.
Prior to final voting, input was sought from relevant stakeholders,
including a panel of young adults with JIA and caregivers of chil-
dren with JIA, to consider their values and perspectives in making
recommendations. Both the patient/caregiver and guideline Vot-
ing Panels stressed the need for individualized treatment while
being mindful of available evidence.

METHODS

This guideline followed the ACR guideline development
process and ACR policy guiding management of conflicts of
interest and disclosures (https://www.rheumatology.org/Practice-
Quality/Clinical-Support/Clinical-Practice-Guidelines), which include
GRADE methodology (6,7) and adheres to Appraisal of Guide-
lines, Research and Evaluation criteria (8). Supplementary
Appendix 1 (available on the Arthritis Care & Research website at
https://onlinelibrary.wiley.com/doi/10.1002/acr.24853/abstract)
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includes a detailed description of the methods. Briefly, the Core
Leadership Team (KBO, DBH, DJL, SS) drafted clinical PICO
questions. PICO questions were revised and finalized based
on feedback from the entire guideline development group and
the public. The Literature Review Team performed systematic lit-
erature reviews for each PICO (for search terms, see Supple-
mentary Appendix 2, https://onlinelibrary.wiley.com/doi/10.1002/
acr.24853/abstract), graded the quality of evidence (high, moder-
ate, low, or very low), and produced the evidence report (Supple-
mentary Appendix 3, https://onlinelibrary.wiley.com/doi/10.1002/
acr.24853/abstract). It should be noted that GRADE methodology
does not distinguish between lack of evidence (i.e., none) and very
low–quality evidence. The Core Team defined multiple critical study
outcome(s) for PICOs relevant to each JIA phenotype (Supplemen-
tary Appendix 4, https://onlinelibrary.wiley.com/doi/10.1002/
acr.24853/abstract).

A panel of 15 members, including young adults with JIA and
caregivers of children with JIA, met virtually (moderated by the
principal investigator [KBO]), reviewed the evidence report, and
provided input to the Voting Panel. Two members of this panel
were also members of the Voting Panel to ensure that the patient
voice was part of the entire process. The Voting Panel reviewed
the evidence report and patient/caregiver perspectives and then
discussed and voted on recommendation statements. Consen-
sus required ≥70% agreement on both direction (for or against)
and strength (strong or conditional) of each recommendation, as
per ACR practice. A recommendation could be either in favor of
or against the proposed intervention and either strong or condi-
tional. According to GRADE, a recommendation is categorized
as strong if the panel is very confident that the benefits of an inter-
vention clearly outweigh the harms (or vice versa); a conditional
recommendation denotes uncertainty regarding the balance of
benefits and harms, such as when the evidence quality is low or
very low, or when the decision is sensitive to individual patient
preferences, or when costs are expected to impact the decision.
Thus, conditional recommendations refer to decisions in
which incorporation of patient preferences is a particularly essential
element of decision-making. Examples of each class of pharmaco-
logic intervention addressed in the recommendations are shown
in Table 1.

Rosters of the Core Leadership Team, Literature Review
Team, and both panels are included in Supplementary Appendix 5
(https://onlinelibrary.wiley.com/doi/10.1002/acr.24853/abstract).

Guiding principles

The development of the recommendations presented herein
was guided by the following principles:

1. Consistent with the ACR’s 2019 JIA guidelines, these recom-
mendations are for persons already diagnosed as having JIA.

2. Aside from poor prognostic features specified within the rec-
ommendations themselves (e.g., specific joints for oligoarthri-
tis, macrophage activation syndrome [MAS]), coexisting
extraarticular conditions that would influence disease manage-
ment, such as uveitis, psoriasis, or inflammatory bowel dis-
ease, are not addressed within these guidelines.

3. Recommendations are intended to be used by all clinicians
caring for persons with JIA and assume that patients do not
have contraindications to the recommended pharmacologic
treatments.

4. Longer-term glucocorticoid therapy in childhood is not appro-
priate because of its effects on bone health and growth. Thus,
wherever glucocorticoids are suggested, recommended treat-
ment should be limited to the lowest effective dose for the
shortest duration possible.

5. Shared decision-making with families and patients is important
when considering treatment options.

RESULTS/RECOMMENDATIONS

The initial literature review included topics addressed in this
report and in the second report (9), and identified 4,308 articles
in searches for all PICO questions through August 7, 2019. A July
9, 2020 search update identified 367 more references, for a total
of 4,675 articles after duplicates and non-English publications
were removed. After exclusion of 2,291 titles and abstracts,
2,384 full-text articles were screened. Of these, 1,939 were
excluded (Supplementary Appendix 6, on the Arthritis Care &
Research website at https://onlinelibrary.wiley.com/doi/10.1002/

Table 1. Classes of interventions

Nonsteroidal antiinflammatory
drugs

Any at therapeutic dosing (ibuprofen, naproxen, tolmetin, indomethacin,
meloxicam, nabumetone, diclofenac, piroxicam, etodolac, celecoxib)

Conventional synthetic disease-
modifying antirheumatic drugs

Methotrexate, sulfasalazine, hydroxychloroquine, leflunomide, calcineurin
inhibitors (cyclosporin A, tacrolimus)

Biologic disease-modifying
antirheumatic drugs

Tumor necrosis factor inhibitors (adalimumab, etanercept, infliximab,
golimumab, certolizumab pegol); other biologic response modifiers
(abatacept, tocilizumab, anakinra, canakinumab)

Glucocorticoids Oral (any); intravenous (any); intraarticular (triamcinolone acetonide,
triamcinolone hexacetonide)
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acr.24853/abstract), leaving 445 articles to be considered for the
evidence report. Ultimately, 336 articles were matched to PICO
questions and included in the final evidence report. Quality of
evidence was uniformly low or very low; 17 PICO questions
lacked any associated evidence and as per GRADE methodol-
ogy were categorized as very low (Tables 2–7). The recommen-
dations that follow are based on 62 PICO questions. Several
PICO questions were split into 24 sub-PICO questions to
improve specificity. Nine questions initially posed were dis-
carded by the Voting Panel because of redundancy or lack of
relevance. Final recommendations are described below and in
Tables 3–7, which include reference(s) to which PICO

question(s) in the evidence report correspond to the recom-
mendation statement.

Active oligoarthritis (Figure 1 and Table 3)

Oligoarthritis refers to JIA presenting with involvement of ≤4
joints without systemic manifestations. It may include patients
with different categories of JIA (10) but who share in common lim-
ited numbers of joints involved; guidance for patients with active
uveitis, sacroiliitis, or enthesitis can be found in the 2019 guide-
lines (3,4). TMJ arthritis is discussed separately.

Table 2. Strength of recommendations and quality of supporting evidence*

Strength of recommendation Quality of supporting evidence

No. of recommendations Conditional Strong Very low Low Moderate High

Oligoarthritis 9 5 4 7 2 0 0
TMJ arthritis 7 6 1 7 0 0 0
Systemic JIA 9 5 4 9 0 0 0
Total 25 16 9 23 2 0 0

* TMJ = temporomandibular joint; JIA = juvenile idiopathic arthritis.

Figure 1. Treatment algorithm for oligoarthritis.
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Nonsteroidal antiinflammatory drugs (NSAIDs)

A trial of scheduled NSAIDs is conditionally recom-
mended as part of initial therapy for active oligoarthritis.

NSAIDs have long been the cornerstone of treatment for oli-
goarthritis and can ease discomfort (11–13). However, the initial
NSAID trial should be brief due to potential adverse effects
(e.g., gastritis, bruising) and limited efficacy (unless inactive dis-
ease is achieved). Voting panelists could not agree on the appro-
priate duration of initial use before escalating therapy, as some
panelists prefer that the use of NSAIDs be avoided altogether.

Glucocorticoids

Intraarticular glucocorticoids (IAGCs) are strongly rec-
ommended as part of initial therapy for active oligoarthritis.

Triamcinolone hexacetonide is strongly recommended
as the preferred agent.

Although the evidence is of low quality, IAGCs are strongly
recommended due to low potential of adverse effects and high
likelihood of sustained response (14–16). Patients and care-
givers agreed with regard to the utility of IAGC but voiced

Table 3. Oligoarticular JIA*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

A trial of scheduled NSAIDs is
conditionally recommended as part
of initial therapy.

Very low PICO 1. In children with oligoarticular JIA,
should a trial of scheduled NSAIDs be
recommended?

6–9

IAGCs are strongly recommended as
part of initial therapy.

Very low PICO 2. In children with oligoarticular JIA,
should adding IAGCs to initial therapy
be recommended?

10–19

Triamcinolone hexacetonide is strongly
recommended as the preferred
agent.

Low PICO 4. In children with oligoarticular JIA,
should a specific steroid type be
recommended for intraarticular
injection?

21–27

Oral glucocorticoids are conditionally
recommended against as part of initial
therapy.

Very low PICO 3. In children with oligoarticular JIA,
should adding oral steroids to initial
therapy be recommended?

19–20

Conventional synthetic DMARDs are
strongly recommended if there is
inadequate response to scheduled
NSAIDs and/or IAGCs. MTX is
conditionally recommended as a
preferred agent over LEF, SSZ, and
HCQ (in that order).

Low (MTX);
Very low (LEF,
SSZ, HCQ)

PICO 5. In children with oligoarticular JIA,
should DMARD therapies be
recommended, and should there be
any preferred order of treatment: MTX
(subcutaneous or oral), LEF, SSZ,
and/or HCQ?

28–41

Biologic DMARDs are strongly
recommended if there is inadequate
response to or intolerance of NSAIDs
and/or IAGCs and at least 1
conventional synthetic DMARD.

There is no preferred biologic DMARD.

Very low PICO 6. In children with oligoarticular JIA,
should biologic therapies be
recommended, and should there be
any preferred order of treatment: TNFi
treatment, biologic treatments with
other mechanisms of action?

42–47

Consideration of risk factors for poor
outcome (e.g., involvement of ankle,
wrist, hip, sacroiliac joint, and/or TMJ,
presence of erosive disease or
enthesitis, delay in diagnosis, elevated
levels of inflammation markers,
symmetric disease) is conditionally
recommended to guide treatment
decisions.

Very low PICO 9. In children with oligoarticular JIA,
should poor prognostic features alter
the treatment paradigm?

PICO 19. In children with JIA with active
TMJ arthritis, should poor prognostic
features alter the treatment paradigm?

51–52

60

Use of validated disease activity
measures is conditionally
recommended to guide treatment
decisions, especially to facilitate treat-
to-target approaches.

Very low PICO 10. In children with oligoarticular JIA,
should disease activity measures alter
the treatment paradigm?

52

* JIA = juvenile idiopathic arthritis; PICO = Patient/Population, Intervention, Comparison, and Outcomes;
NSAIDs = nonsteroidal antiinflammatory drugs; IAGCs = intraarticular glucocorticoids; DMARDs = disease-modifying
antirheumatic drugs; MTX = methotrexate; LEF = leflunomide; SSZ = sulfasalazine; HCQ = hydroxychloroquine;
TNFi = tumor necrosis factor inhibitor; TMJ = temporomandibular joint.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/
10.1002/acr.24853/abstract.
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concerns over the need for sedation in younger children and
associated risks.

Despite an overall grading of the evidence as low, the panel
was convinced by published randomized trials and large observa-
tional studies (17–19) that triamcinolone hexacetonide results in
more durable clinical responses than triamcinolone acetonide,
leading to the strong recommendation. Triamcinolone hexaceto-
nide has been unavailable in the US for several years. However,
very recently, the US Food and Drug Administration (FDA) has
allowed the importation of one particular formulation of triamcino-
lone hexacetonide specifically for joint injections in patients with
JIA to address this identified unmet medical need.

Oral glucocorticoids are conditionally recommended
against as part of initial therapy for active oligoarthritis.

If, despite recommendations against, oral glucocorticoids are
given to quickly alleviate severe symptomswhen an IAGC is not avail-
able or feasible, or prior to the onset of action of disease-modifying
antirheumatic drugs (DMARDs), treatment should be limited to the
lowest effective dose for the shortest duration possible (20,21).

Conventional synthetic DMARDs (csDMARDs)

Conventional synthetic DMARDs are strongly recom-
mended if there is an inadequate response to scheduled
NSAIDs and/or IAGCs for active oligoarthritis.

Methotrexate is conditionally recommended as a pre-
ferred agent over leflunomide, sulfasalazine, or hydroxy-
chloroquine (in that order).

Despite an absence of comparator trials, methotrexate is the
preferred agent, given the preponderance of evidence showing its
long-term safety and efficacy in children (22–24). Because the tol-
erability of methotrexate is variable, additional treatment options
are provided (25–28).

With regard to the route of administration of methotrexate, the
2019 JIA guidelines conditionally recommended subcutaneous
over oral administration for polyarthritis (3). This recommendation
was conditional because the supporting evidence was of very
low quality and patient preferences may guide choice of route of
administration. There is little reason to suggest that methotrexate
should be used differently in oligoarthritis than in polyarthritis.

Biologic DMARDs (bDMARDs)

Biologic DMARDs are strongly recommended if there is
inadequate response to or intolerance of NSAIDs and/or
IAGCs and at least 1 csDMARD for active oligoarthritis.

There is no preferred bDMARD.
Biologic DMARDs are preferred over combining

csDMARDs or switching to a different csDMARD, due to a

greater likelihood that bDMARDs will yield rapid and sustained
improvement in JIA (29,30). While combination csDMARDs
have been used for the treatment of rheumatoid arthritis in
adults, in children the combination appears to be less effective
and less tolerable (31). For these reasons, this recommendation
is strong.

Although tumor necrosis factor inhibitors (TNFi) are the most
commonly used bDMARDs in children (32–34), other bDMARDs
of proven efficacy in the treatment of JIA may be used. In the
absence of head-to-head trials in children with oligoarthritis (35),
bDMARD selection may be driven by specific provider and
patient/caregiver preferences and circumstances, with the
exception of interleukin-1 (IL-1) inhibitors, which are preferentially
used for the treatment of systemic JIA (29,36–38).

Risk factors for poor prognosis and disease
activity measures

Consideration of risk factors for poor outcome (e.g.,
involvement of ankle, wrist, hip, sacroiliac joint, and/or
TMJ, presence of erosive disease or enthesitis, delay in
diagnosis, elevated levels of inflammation markers, sym-
metric disease) is conditionally recommended to guide
treatment decisions.

Use of validated disease activity measures is condition-
ally recommended to guide treatment decisions, especially
to facilitate treat-to-target approaches.

Treatment for oligoarthritis can and should be modified
based on the involvement of specific joints or disease features
(39,40). This could include rapid escalation of treatment (e.g., if
there is TMJ involvement or erosive disease at presentation) or
alternative medication choice (e.g., sulfasalazine or bDMARD
rather than methotrexate for sacroiliitis) (3).

Voting panelists conditionally recommended formal assess-
ment of disease activity using validated measures. There are sev-
eral validated disease activity measures for childhood arthritis
(41). The lack of demonstrated superiority of specific measures
and the likelihood of future changes led voting panelists to defer
stating formal preferences for particular measures. Measures that
can be considered include Wallace preliminary criteria for Clinical
Remission, ACR provisional criteria for inactive disease, Juvenile
Arthritis Disease Activity Score (JADAS), and clinical JADAS,
among others (42–46).

Treat-to-target approaches have been strongly endorsed
for polyarticular JIA (47), and preliminary data have demon-
strated feasibility as well as improved outcomes (48,49).
Despite the limited number of studies in oligoarticular disease,
one would expect a similar response. Presence of risk
factors for poor outcomes may justify rapid escalation of
treatment.
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Active TMJ arthritis (Figure 2 and Table 4)

TMJ disease may be isolated or part of generalized arthri-
tis. Treatment of TMJ arthritis is critical, as patients/caregivers
noted high impact on oral health–related quality of life and chal-
lenges with diagnosis and effective pharmacologic treatment
(50,51). In this guideline, therefore, treatment of TMJ arthritis
is recommended regardless of presence of clinical symptoms.
While NSAIDs and/or IAGCs may be sufficient treatment for
some patients, rapid escalation to bDMARDs (potentially in
combination with csDMARDs) is often appropriate despite lim-
ited evidence, given the impact and destructive nature of TMJ
arthritis (52).

NSAIDs

A trial of scheduled NSAIDs is conditionally recom-
mended as part of initial therapy for active TMJ arthritis.

NSAIDs have long been the cornerstone of treatment for JIA
and can ease discomfort (11). However, the initial NSAID trial
should be brief due to potential adverse effects (e.g., gastritis,
bruising) and limited efficacy (unless inactive disease is achieved).
Voting panelists could not agree on the appropriate duration of

initial use before escalating therapy, as some panelists prefer that
the use of NSAIDs be avoided altogether.

Glucocorticoids

IAGCs are conditionally recommended as part of initial
therapy for active TMJ arthritis.

There is no preferred agent.
IAGCs may alleviate joint symptoms and help restore func-

tion. This recommendation is conditional, as there have been
unique TMJ-specific serious adverse events, including hetero-
topic ossification and impaired growth (52–55). Therefore, IAGCs
for TMJ arthritis should be used sparingly for symptomatic chil-
dren, preferably those who are skeletally mature (53–56). There
are no comparative data between different IAGC formulations for
TMJ injections.

Oral glucocorticoids are conditionally recommended
against as part of initial therapy for active TMJ arthritis.

If, despite recommendations against, oral glucocorticoids
are given to quickly alleviate severe symptoms prior to the onset

Figure 2. Treatment algorithm for temporomandibular joint arthritis.
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of action of DMARDs, treatment should be limited to the lowest
effective dose for the shortest duration possible (20).

Conventional synthetic DMARDs

Conventional synthetic DMARDs are strongly recom-
mended for inadequate response to or intolerance of NSAIDs
and/or IAGCs for active TMJ arthritis.

Methotrexate is conditionally recommended as a pre-
ferred agent over leflunomide.

The TMJ is a high-risk joint due to major impact on activities
of daily living, and thus, early use of csDMARD therapy is
encouraged. The limited available evidence supports the use of
methotrexate (57). However, because not all patients tolerate
methotrexate well, leflunomide is recommended as an alterna-
tive, if needed.

Table 4. TMJ arthritis*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

A trial of scheduled NSAIDs is
conditionally recommended as
part of initial therapy.

Very low PICO 11. In children with JIA with active
TMJ arthritis, should a trial of
scheduled NSAIDs be recommended,
and should there be any preferred
NSAID treatment?

53

IAGCs are conditionally
recommended as part of initial
therapy.

There is no preferred agent.

Very low

Very low

PICO 12. In children with JIA with active
TMJ arthritis, should adding
intraarticular glucocorticoids to initial
therapy be recommended?

PICO 14. In children with JIA with active
TMJ arthritis, should a specific steroid
type be recommended for
intraarticular injection?

53–57

58

Oral glucocorticoids are
conditionally recommended
against as part of initial therapy.

Very low PICO 13. In children with JIA with active
TMJ arthritis, should adding oral
glucocorticoids to initial therapy be
recommended?

58

Conventional synthetic DMARDs are
strongly recommended for
inadequate response to or
intolerance of NSAIDs and/or
IAGCs.

MTX is conditionally recommended
as a preferred agent over LEF.

Very low PICO 15. In children with JIA with active
TMJ arthritis, should DMARD
therapies be recommended, and
should there be any preferred order
of treatment: MTX (subcutaneous
and oral), LEF, SSZ, and/or HCQ?

58–59

Biologic DMARDs are conditionally
recommended for inadequate
response to or intolerance of
NSAIDs and/or IAGCs and at least 1
conventional synthetic DMARD.

There is no preferred biologic agent.

Very low PICO 16. In children with JIA with active
TMJ arthritis, should systemic biologic
therapies be recommended, and
should there be any preferred order
of treatment: TNFi, biologic
treatments with other mechanisms
of action?

59

Consideration of poor prognostic
features (e.g., involvement of ankle,
wrist, hip, sacroiliac joint, and/or
TMJ, presence of erosive disease or
enthesitis, delay in diagnosis,
elevated levels of inflammation
markers, symmetric disease) is
conditionally recommended to
guide treatment decisions.

Very low PICO 19. In children with JIA with active
TMJ arthritis, should poor prognostic
features alter the treatment
paradigm?

60

* TMJ = temporomandibular joint; PICO = Patient/Population, Intervention, Comparison, and Outcomes;
NSAIDs = nonsteroidal antiinflammatory drugs; JIA = juvenile idiopathic arthritis; IAGCs = intraarticular glucocor-
ticoids; DMARDs = disease-modifying antirheumatic drugs; MTX = methotrexate; LEF = leflunomide; SSZ = sulfa-
salazine; HCQ = hydroxychloroquine; TNFi = tumor necrosis factor inhibitor.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/
10.1002/acr.24853/abstract.
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Biologic DMARDs

Biologic DMARDs are conditionally recommended for
inadequate response to or intolerance of NSAIDs and/or
IAGCs and at least 1 csDMARD for active TMJ arthritis.

There is no preferred bDMARD.
Voting panelists deferred recommending a specific bDMARD

because current studies of TMJ arthritis have been small and
observational (52,58). TNFi treatment has been most commonly
used. As noted above, the use of IL-1 inhibitors is restricted to
the treatment of systemic JIA.

Systemic JIA with and without MAS (Figure 3)

Systemic JIA is distinct from all other categories of JIA due to
fever, rash, and visceral involvement and is considered by some

to be an autoinflammatory disorder (59). Disease pathogenesis
and cytokine involvement in systemic JIA are different than in
other JIA categories (60–62). Up to 40% of cases of systemic
JIA are associated with MAS, a secondary hemophagocytic syn-
drome that is a life-threatening complication requiring urgent rec-
ognition and treatment. MAS presents with fevers, high ferritin
levels, cytopenias, elevated liver enzyme levels, low fibrinogen
levels, and high triglyceride levels (63,64). As it may occur at any
point during the disease course, careful monitoring is necessary
for children with or without MAS at presentation.

Systemic JIA without MAS: initial therapy (Table 5)

Biologic DMARDs

Biologic DMARDS (IL-1 and IL-6 inhibitors) are conditionally
recommended as initial monotherapy for systemic JIA with-
out MAS.

Figure 3. Treatment algorithm for systemic juvenile idiopathic arthritis.
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There is no preferred agent.
IL-1 and IL-6 inhibitors are extremely effective and well-

tolerated treatments for systemic JIA (60–62) and have been

rapidly adopted in clinical practice (65,66). Use of IL-1 and IL-6

inhibitors to treat systemic JIA has allowed for marked redu-

ction in glucocorticoid use (60,61,67). Patients/caregivers agreed

with this recommendation, given historical delays and limits in clini-

cal response and toxicities from other medications before the

bDMARD era.
Some voting panelists preferred starting with a short-acting

agent such as anakinra, but in the absence of controlled studies,

no preferred agent was endorsed. Patients/caregivers noted pref-

erence for fewer injections, if possible. As response to individual

agents is variable, switching among and between IL-1 and IL-6

inhibitors when needed due to lack of efficacy or poor tolerability

is appropriate.
Concerns were expressed regarding a highly fatal lung dis-

ease observed in some children with systemic JIA, most of whom
were treated with bDMARDs. Observed risk factors include youn-
ger age with MAS, a history of reactions to tocilizumab, and tri-
somy 21 (68,69). The exact etiology of systemic JIA–associated
lung disease and recommendations for screening remain under

Table 5. Systemic JIA without MAS*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

NSAIDs are conditionally
recommended as initial
monotherapy.

Oral glucocorticoids are conditionally
recommended against as initial
monotherapy.

Very low PICO 20. In patients with treatment-naive,
newly diagnosed systemic JIA without
MAS, should non-DMARD treatment
(NSAIDs, glucocorticoids) be used as
initial therapy?

61–67

Conventional synthetic DMARDs are
strongly recommended against as
initial monotherapy.

Very low PICO 21. In patients with treatment-naive,
newly diagnosed systemic JIA without
MAS, should DMARD treatment (MTX,
calcineurin inhibitor) be used as initial
therapy, and is there a preferred order?

67–68

Biologic DMARDs (IL-1 and IL-6
inhibitors) are conditionally
recommended as initial
monotherapy.

There is no preferred agent.

Very low PICO 22. In patients with treatment-naive,
newly diagnosed systemic JIA without
MAS, should biologic treatment
(anakinra, canakinumab, tocilizumab, or
others) be used as initial therapy, and is
there a preferred order?

69–71

IL-1 and IL-6 inhibitors are strongly
recommended over a single or
combination of conventional
synthetic DMARDs for inadequate
response to or intolerance of NSAIDs
and/or glucocorticoids.

Very low PICO 23. In patients with systemic JIA
without MAS who do not respond to
initial therapy with nonbiologic
treatments (NSAIDs, glucocorticoids,
DMARDs), should nonbiologic
treatments be combined or biologic
treatment started?

72–130

Biologic DMARDs or conventional
synthetic DMARDs are strongly
recommended over long-term
glucocorticoids for residual arthritis
and incomplete response to IL-1 and/
or IL-6 inhibitors.

There is no preferred agent.

Very low PICO 27. In patients with systemic JIA in
whom inactive disease is not achieved
despite treatment with both IL-1 and
IL-6 agents and/or who are chronically
steroid dependent, is long-term stable
steroid treatment superior to
nonsteroid treatments
(cyclophosphamide or abatacept or
rituximab or IVIG or mesenchymal stem
cell transplant or bone marrow
transplant) for achievement of inactive
disease, achievement of partial
response, growth, ability to taper/
discontinue steroids, and minimization
of side effects/medication toxicity?

138

* JIA = juvenile idiopathic arthritis; MAS = macrophage activation syndrome; PICO = Patient/Population, Intervention,
Comparison, and Outcomes; NSAIDs = nonsteroidal antiinflammatory drugs; DMARD = disease-modifying antirheu-
matic drug; MTX = methotrexate; IL-1 = interleukin-1; IVIG = intravenous immunoglobulin.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/
10.1002/acr.24853/abstract.
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investigation. Affected children often present with acute digital
clubbing, which should raise immediate concern (68,69). How-
ever, voting panelists noted the need to balance the effectiveness
and relative safety of bDMARDs with the rarity of this serious out-
come. Voting panelists were also motivated by the extent of
morbidity from undertreated systemic JIA and glucocorticoid-
associated toxicities before the bDMARD era (70,71).

NSAIDs

NSAIDs are conditionally recommended as initial mono-
therapy for systemic JIA without MAS.

Studies suggest that a small proportion of patients with sys-
temic JIA will respond to NSAIDs alone (72). Patients/caregivers
agreed with a short trial of NSAIDs for those children. If clinical
response is not rapid and complete, rapid escalation of therapy is

recommended. Voting panelists could not agree on the appropriate
duration of initial use before escalating therapy, as many panelists
prefer that the use of NSAIDs be avoided altogether for systemic JIA.

Glucocorticoids

Oral glucocorticoids are conditionally recommended
against as initial monotherapy for systemic JIA without MAS.

In most cases, oral glucocorticoids should not be used as ini-
tial monotherapy in patients with systemic JIA without MAS and, if
used, should be limited to the lowest effective dosage for the
shortest duration possible. This recommendation is conditional,
as bDMARDs may not always be immediately available, and glu-
cocorticoids may help control systemic and joint manifestations
until IL-1 or IL-6 inhibitors can be started.

Table 6. Systemic JIA with MAS*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

Formal recommendation deferred Very low PICO 24. In patients with systemic JIA, does
the presence of subclinical MAS alter the
treatment paradigm?

130

IL-1 and IL-6 inhibitors are conditionally
recommended over calcineurin
inhibitors alone to achieve inactive
disease and resolution of MAS.

Glucocorticoids are conditionally
recommended as part of initial
treatment of systemic JIA with MAS.

There is no preferred agent.

Very low PICO 25. In patients with systemic JIA and
overt MAS, is biologic therapy superior to
calcineurin inhibitors for achievement of
inactive disease and resolution of MAS?

131–136

Formal recommendation deferred Very low PICO 26. For nonresponse or partial
response to biologic therapy, is addition
of a calcineurin inhibitor superior to
etoposide or IVIG or plasmapheresis for
achievement of inactive disease and
resolution of MAS?

137–138

Biologic DMARDs or conventional
synthetic DMARDs are strongly
recommended over long-term
glucocorticoids for residual arthritis
and incomplete response to IL-1
and/or IL-6 inhibitors.

There is no preferred agent.

Very low PICO 27. In patients with systemic JIA in
whom inactive disease is not achieved
despite treatment with both IL-1 and IL-6
agents and/or who are chronically
steroid dependent, is long-term stable
steroid treatment superior to nonsteroid
treatments (cyclophosphamide or
abatacept or rituximab or IVIG or
mesenchymal stem cell transplant or
bone marrow transplant) for
achievement of inactive disease,
achievement of partial response, growth,
ability to taper/discontinue steroids, and
minimization of side effects/medication
toxicity?

138

* JIA = juvenile idiopathic arthritis; MAS = macrophage activation syndrome; PICO = Patient/Population, Intervention,
Comparison, and Outcomes; IL-1 = interleukin-1; IVIG = intravenous immunoglobulin; DMARDs = disease-modifying
antirheumatic drugs.
† In Supplementary Appendix 3, on the Arthritis Care & Researchwebsite at https://onlinelibrary.wiley.com/doi/10.1002/
acr.24853/abstract.
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Conventional synthetic DMARDs

Conventional synthetic DMARDs are strongly recom-
mended against as initial monotherapy for systemic JIA with-
out MAS.

This recommendation is strong despite limited evidence, as
the Voting Panel noted multiple small studies of systemic JIA that
documented lack of efficacy at controlling systemic features that
are typically present at onset of disease, leading to a continued
need for glucocorticoids (66,73). Conventional synthetic DMARDs
in combination with bDMARDs can be considered for children with
prominent arthritis (74). In areas where biologic therapy is not rap-
idly attainable, thalidomide has been used to treat systemic JIA
(75). However, given ready bDMARD availability in North America
and risks of thalidomide toxicity, use of thalidomide was not con-
sidered as part of this guideline.

Systemic JIA without MAS: subsequent therapy
(Table 5)

IL-1 and IL-6 inhibitors are strongly recommended over
a single or combination of csDMARDs for inadequate
response to or intolerance of NSAIDs and/or glucocorticoids
for systemic JIA without MAS.

Most physicians and patients/caregivers preferred quickly
starting IL-1 or IL-6 inhibitors for insufficient response to NSAIDs
or glucocorticoids (66). Panel members were persuaded by trials
that documented resolution of systemic signs and ability to dis-
continue glucocorticoids (60,76–78).

Biologic DMARDs or conventional synthetic DMARDs are
strongly recommended over long-term glucocorticoids for
residual arthritis and incomplete response to IL-1 and/or IL-6
inhibitors.

There is no preferred agent.
Given the potential toxicities from long-term use of glucocorti-

coids (20), patients should receive steroid-sparing treatments for
residual arthritis. There aremany options (e.g., addingmethotrexate,
switching to abatacept or a TNFi), and ample evidence supports the
use of DMARDs for systemic JIA–associated synovitis (23,79).

Systemic JIA with MAS: initial therapy (Table 6)

Infections can trigger MAS; therefore, all persons with MAS
should be evaluated for infection concurrently with or prior to initi-
ation of therapy (80,81).

Biologic DMARDs

IL-1 or IL-6 inhibitors are conditionally recommended
over calcineurin inhibitors alone to achieve inactive disease
and resolution of MAS for systemic JIA with MAS.

There is no preferred agent.
IL-1 and IL-6 inhibitors have proven to be very helpful in the treat-

ment of systemic JIA andMAS (82–84). Some voting panelists noted
that monotherapy may not be sufficient for severely ill patients (83).
Biologic DMARDs combined with glucocorticoids and calcineurin
inhibitors may be necessary to control MAS in some patients (85).

Glucocorticoids

Glucocorticoids are conditionally recommended as part
of initial treatment of systemic JIA with MAS.

The benefits of glucocorticoids for MAS often outweigh their
risks, even in patients whose MAS is triggered by infection. Sys-
temic glucocorticoids may be necessary for severely ill patients

Table 7. Systemic JIA with inactive disease*

Recommendation
Certainty of
evidence PICO evidence report(s) basis

Page no(s).
of evidence
tables†

Tapering and discontinuing
glucocorticoids is strongly
recommended after inactive
disease has been attained.

Very low PICO 28. In patients with systemic JIA with
inactive disease treated with oral steroids, is
taper to discontinuation of steroids
superior to continuing long-term stable-
dose steroids for preventing disease flare
and minimizing side effects/medication
toxicity?

139

Tapering and discontinuing biologic
DMARDs is conditionally
recommended after inactive
disease has been attained.

Very low PICO 29. In patients with systemic JIA in clinical
remission with biologic monotherapy, is
tapering by decreasing dosage superior to
tapering dosing interval at preventing
disease exacerbation, preventing
development of antidrug antibodies, and
minimizing medication toxicity?

140–143

* JIA = juvenile idiopathic arthritis; PICO = Patient/Population, Intervention, Comparison, and Outcomes;
DMARDs = disease-modifying antirheumatic drugs.
† In Supplementary Appendix 3, on the Arthritis Care & Research website at https://onlinelibrary.wiley.com/doi/
10.1002/acr.24853/abstract.
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because they can have a rapid onset of action. However, although
treatment with high-dose glucocorticoids may be required for dis-
ease control, subsequent glucocorticoid therapy should be limited
to the lowest effective dosage for the shortest duration possible.
Longer-term glucocorticoid therapy in children is not appropriate
because of its effects on bone health and growth (20).

Systemic JIA with MAS: subsequent therapy
(Table 6)

Biologic DMARDS or csDMARDs are strongly recom-
mended over long-term glucocorticoids for residual arthritis
and incomplete response to IL-1 and/or IL-6 inhibitors.

Inactive systemic JIA with or without history of
MAS (Table 7)

Tapering and discontinuing glucocorticoids is strongly
recommended after inactive disease has been attained in
systemic JIA.

The risk of flare from systemic JIA that is well controlled is
considerably outweighed by possible harms from long-term glu-
cocorticoid use, even at low doses (86), accounting for this strong
recommendation. If a patient is receiving both DMARDs and glu-
cocorticoids, systemic glucocorticoids should be tapered and
discontinued first before attempting to taper bDMARDs or
csDMARDs. It is unclear how soon or rapidly these can be safely
discontinued in patients with inactive systemic JIA.

Tapering and discontinuing bDMARDs is conditionally
recommended after inactive disease has been attained in
systemic JIA.

In children with systemic JIA whose disease is inactive, it may
be possible to maintain this inactive disease state with lower doses
of, or discontinuation of, bDMARDs (74,87). It is unclear how soon
after achievement of inactive disease these can be tapered. No
method of tapering is specified (e.g., decreasing dosage versus
increasing intervals between doses) given lack of evidence (86),
but patients/caregivers tended to prefer increasing intervals.

DISCUSSION

The recommendations presented herein are a companion to
those published in 2019 (3,4) and cover areas not previously
addressed: oligoarthritis, TMJ arthritis, and systemic JIA with and
without MAS. In many ways, one must view this guideline as a road
map for future study. Most of the available evidence for the relevant
PICO questions was of very low quality, contributing to 16 of the
25 recommendations being conditional. None of the recommenda-
tions were supported by moderate- or high-quality evidence. Simi-
lar to the 2019 guidelines, recommendations are grouped based
on disease phenotype and not by specific classification criteria,

reflecting clinical practice, in which disease characteristics, severity,
and risk of damage generally drive treatment decisions. These rec-
ommendations differ quite substantially from those published in
2011 and 2013 (1,2), reflecting increased experience with and
availability of bDMARDs as well as a deeper understanding of JIA
pathogenesis and long-term risks of undertreatment.

The Voting Panel and Patient/Caregiver Panel both engaged in
vigorous discussions over the use of NSAIDs and oral glucocorti-
coids (88) in the treatment of JIA, regardless of phenotype. Given
the availability of safer, effective alternatives, both panels agreed that
these medications should be used sparingly and largely as a bridge
until more definitive treatment is available. This is a marked change
from previous clinical practice, in which both were mainstays of
treatment and subsequent risk of chronic disability was high (89,90).

Another major change in recommendations for the treatment
of systemic JIA is the use of bDMARDs as initial treatment or upon
inadequate response to a short course of NSAIDs. The addition of
csDMARDs is recommended only for persistent synovitis despite
treatment with bDMARDs. This recommendation reflects growing
understanding about the roles of specific cytokines in systemic
JIA and the ability to induce remission with targeted therapy
against IL-6 and IL-1 (62,74,91). Reports of a highly fatal lung dis-
ease in some bDMARD-treated young children with systemic JIA
(68,69) temper this enthusiasm, and additional investigation is
needed to determine what role, if any, bDMARDs play in the path-
ogenesis of this complication.

This guideline’s focus on oligoarthritis complements previ-
ously published recommendations for polyarthritis (3). However,
it was clear in Voting Panel discussions that the number of
involved joints alone was insufficient to tailor treatment decisions.
Specific involvement of key joints (e.g., TMJ, wrist, sacroiliac, hip,
and ankle) and other features (e.g., erosions) were considered
reasonable justification for early escalation of therapy (92). This
approach is reflected in a distinct set of recommendations specif-
ically addressing TMJ arthritis.

The use of IAGCs was extensively discussed. Recommenda-
tions from 2011 and 2019 to preferentially use triamcinolone hex-
acetonide for oligoarthritis (1,3) were reaffirmed, while no specific
formulation for TMJ IAGC injection was noted. Triamcinolone hex-
acetonide has been shown to be superior to alternative injectable
glucocorticoids in achieving and maintaining remission in children
with JIA (17–19). Triamcinolone hexacetonide has been commer-
cially unavailable in the US for many years, forcing physicians to
consider less effective, more toxic, or more costly alternatives.
However, very recently the FDA allowed the importation of one
particular formulation of triamcinolone hexacetonide specifically
for joint injections in patients with JIA (93) to address an identified
unmet medical need.

There is much that remains to be learned. Studies must
be performed to obtain high-quality data to fill in the evidentiary
gaps (Supplementary Appendix 7, available on the Arthritis Care
& Research website at https://onlinelibrary.wiley.com/doi/
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10.1002/acr.24853/abstract). There remain important areas with
little or no evidence to guide management, suggesting an agenda
for future research. Head-to-head trials are needed to understand
the optimal order and roles of csDMARDs and bDMARDs for
children with JIA. We need improved understanding of which
class of medication is best for a particular child, allowing for more
precise treatment and less time before remission is attained.
Biosimilars were not addressed in this guideline, as these medica-
tions were not included in the literature review, and there was no
available evidence assessing their use in JIA. More widespread
use of biosimilars will add more questions about their relative
safety and effectiveness in children who start or switch to them
for JIA treatment.

Patient/caregiver input was instrumental in creating these
recommendations. Several major themes emerged from their par-
ticipation. Patients/caregivers stressed the need for individualizing
treatments because what works for one does not work for all (94).
To facilitate individualization, no rigid time frames were required
for an advancement of treatment. Moving quickly may be needed
for a patient whose condition is rapidly worsening, while moving
more slowly may be appropriate for one whose condition has
improved substantially but not fully. Panel participants empha-
sized the critical importance of shared decision-making that con-
siders patients’ and caregivers’ values, goals, and preferences
(95). The depth and breadth of the impact of JIA on the lives and
well-being of affected children and their families cannot be over-
stated (96,97). It is hoped that in the future, more effective, reliable
treatments for this disease will be available (98).

This guideline breaks new ground in recommending treat-
ment withdrawal for children with systemic JIA, who may have
lower risks of flare than are associated with other forms of JIA
(99,100). As we look toward the future, we can only hope that
similar recommendations around tapering medications can be
made for every JIA category. There is a need for biomarkers that
can help distinguish disease that still requires treatment from that
which has completely resolved, as currently the risk of relapse
remains high upon medication tapering.

The low quality of evidence supporting these recommenda-
tions underscores the importance of clinical judgment and shared
decision-making in everyday care of individuals with JIA. Similarly,
this guideline and the many uncertainties acknowledged herein
represent a powerful reminder of the need for more high-quality
evidence to support (or refute) current practices and to improve
the management of JIA and well-being of all individuals living with
the disease.
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Objective. To provide evidence-based recommendations and expert guidance for the management of Kawasaki
disease (KD), focusing on clinical scenarios more commonly addressed by rheumatologists.

Methods. Sixteen clinical questions regarding diagnostic testing, treatment, and management of KD were devel-
oped in the Patient/Population, Intervention, Comparison, and Outcomes (PICO) question format. Systematic literature
reviews were conducted for each PICO question. We used the Grading of Recommendations, Assessment, Develop-
ment and Evaluation method to assess the quality of evidence and formulate recommendations. Each recommenda-
tion required consensus from at least 70% of the Voting Panel.

Results. We present 1 good practice statement, 11 recommendations, and 1 ungraded position statement to guide the
management of KD and clinical scenarios of suspected KD. These recommendations for KD are focused on situations in
which input from rheumatologistsmay be requested by othermanaging specialists, such as in cases of treatment-refractory,
severe, or complicated KD. The good practice statement affirms that all patients with KD should receive initial treatment with
intravenous immunoglobulin (IVIG). In addition, we developed 7 strong and 4 conditional recommendations for themanage-
ment of KD or suspected KD. Strong recommendations include prompt treatment of incomplete KD, treatment with aspirin,
and obtaining an echocardiogram in the setting of unexplainedmacrophage activation syndrome or shock. Conditional rec-
ommendations include use of IVIG with other adjuvant agents for patients with KD and high-risk features of IVIG resistance
and/or coronary artery aneurysms. These recommendations endorse minimizing risk to the patient by using established
therapy promptly at disease onset and identifying situations in which adjunctive therapy may be warranted.

Conclusion. These recommendations provide guidance regarding diagnostic strategies, use of pharmacologic
agents, and use of echocardiography in patients with suspected or confirmed KD.

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 considers
adherence to the recommendations within this guideline to be voluntary, with the ultimate determination regarding their
application to be made by the physician in light of each patient’s individual circumstances. Guidelines and recommenda-
tions are intended to promote beneficial or desirable outcomes but cannot guarantee any specific outcome. Guidelines
and recommendations developed and endorsed by the ACR are subject to periodic revision as warranted by the evolution
of medical knowledge, technology, and practice. ACR recommendations are not intended to dictate payment or insur-
ance decisions, and drug formularies or other third-party analyses that cite ACR guidelines should state this. These rec-
ommendations 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
any commercial product or service.
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INTRODUCTION

Kawasaki disease (KD) is a medium vessel vasculitis as
presented in the Chapel Hill Consensus Conference nomencla-
ture system (1). It is 1 of 2 primary common vasculitis syn-
dromes that predominantly affect children (the other being IgA
vasculitis [Henoch-Schönlein]). KD is seen with relative fre-
quency in young children, at an incidence rate of 25–50 cases
per 100,000 persons per year in the US, similar to that of type
1 diabetes (2,3). It typically presents in children <5 years of
age as an acute, self-limited febrile disease and is character-
ized by a combination of several characteristic clinical signs,
which include polymorphic rash, nonpurulent conjunctival
injection, oropharyngeal and lip mucositis, tongue papillitis,
erythema and edema of the hands and feet, as well as unilateral
cervical lymphadenopathy.

From a histopathologic perspective, KD is characterized
by aggressive neutrophil-mediated panmural vascular necrosis
without granuloma formation, followed by intimal hyperplasia
and subacute lymphocytic inflammation in advanced disease. It
primarily affects the coronary arteries but can also affect
medium-caliber arteries throughout the body (4). Therefore, it
shares some features with polyarteritis nodosa, and prior to the
recognition of KD as a distinct entity, infants with fatal fulminant
forms of KD were considered to have “infantile polyarteritis
nodosa” (5).

When treated appropriately, KD is associated with a low
mortality rate (~0.08% case fatality rate in the largest reported
series) (6). However, in the developed world, it is the most com-
mon cause of acquired cardiac disease in childhood, with 25%
of untreated patients and 5% of treated patients developing coro-
nary artery aneurysms. Among infants <6 months of age, the risk
of a coronary artery aneurysm is 50%, even in KD patients who
received treatment with intravenous immunoglobulin (IVIG) within
the first 10 days of illness (7).

Given increasing options available to treat systemic vasculitis,
the American College of Rheumatology (ACR) and Vasculitis Foun-
dation supported the development of guidelines for the manage-
ment of large, medium, and small vessel vasculitis. This guideline
presents evidence-based recommendations for the diagnostic test-
ing, treatment, and management of KD. Recognizing the compre-
hensive guidelines developed by the American Heart Association
(AHA) for the management of KD (3), the guideline focuses on clini-
cal management questions that are generally posed to rheumatolo-
gists, such as the use of adjunctive therapies for initial treatment of
severe disease and treatment approaches for refractory disease.
Although this guideline may inform an international audience, these
recommendations were developed considering experience with
and availability of treatment and diagnostic options in the US.

METHODS

This guideline followed the ACR guideline development
process (https://www.rheumatology.org/Practice-Quality/Clinical-
Support/Clinical-Practice-Guidelines) using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) methodology to rate the quality of evidence and
develop recommendations (8,9). ACR policy guided the man-
agement of conflicts of interest and disclosures (https://www.
rheumatology.org/Practice-Quality/Clinical-Support/Clinical-
Practice-Guidelines/Vasculitis). Supplementary Appendix 1
(available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24838/abstract) presents a
detailed description of the methods.

Sixteen clinical questions addressing the diagnostic testing,
treatment, and management of KD were developed by the Core
Team, initial Voting Panel, and Expert Panel in the Patient/Popula-
tion, Intervention, Comparison, and Outcomes (PICO) format. The
Literature Review Team undertook systematic literature reviews
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for prespecified PICO questions. The Expert Panel, including
rheumatologists and a pediatric cardiologist, provided expert
knowledge to inform discussion of the PICO questions and find-
ings of the literature review. This study did not involve human sub-
jects, and therefore, approval from Human Studies Committees
was not required.

The initial Voting Panel comprised 9 adult rheumatologists
(SAC, AMA, DLC, PCG, PAM, RLR, PS, JHS, AW), 5 pediatric
rheumatologists (LFI, SK, SS, MFI, RPS), and 2 patients (KAF,
OIV). They reviewed the Literature Review Team’s evidence
summaries and formulated and voted on an initial set of recom-
mendations. To incorporate broader expertise from the pediatric
community and validate the results from the initial Voting Panel,
a second Voting Panel was established and comprised 8 pediatric
rheumatologists new to the Voting Panel (MG, KA, BAB, KH, SKL,
MBS, HVM, CY-T), 4 pediatric rheumatologists who participated
in both Voting Panels (LFI, SK, SS, RPS), a pediatric infectious
disease physician with extensive expertise in KD (AHT), and a
pediatric cardiologist with extensive expertise in KD (KF). The sec-
ond Voting Panel also reviewed the Literature Review Team’s
findings and independently formulated and voted on recommen-
dations. Members of the second Voting Panel who were not on
the initial Voting Panel were not provided with the recommenda-
tions formulated by the initial Voting Panel prior to the second
panel’s voting. Each recommendation required consensus from
at least 70% of the Voting Panel.

How to interpret the recommendations

A strong recommendation is typically supported by
moderate- to high-quality evidence (e.g., multiple randomized

controlled trials). For a strong recommendation, the recom-
mended course of action would apply to all or almost all patients.
Only a small proportion of clinicians/patients would not want to
follow the recommendation. For example, an intervention may
be strongly recommended if it is considered low-cost, without
harms, and the consequence of not performing the intervention
may be catastrophic. An intervention may be strongly recom-
mended against if there is high certainty that the intervention will
lead to more harm than the comparison with very low or low cer-
tainty about its benefit (10).

A conditional recommendation is generally supported by
lower-quality evidence or a close balance between desirable and
undesirable outcomes. For a conditional recommendation, the
recommended course of action would apply to the majority of
patients, but the alternative is a reasonable consideration. Condi-
tional recommendations always warrant a shared decision-
making approach. We specify conditions under which the alterna-
tive may be considered.

In one instance, the committee found that the evidence for a
particular PICO question did not support a graded recommenda-
tion, and the Voting Panel did not favor one intervention over
another. However, the Voting Panel believed the PICO question
addressed a commonly encountered clinical question, and thus
felt that providing guidance for this question was warranted. For
this situation, we present an “ungraded position statement”
which reflects general views of the Voting Panel.

In this evidence-based guideline, we explicitly used the best
evidence available and present it in a transparent manner for the
clinician reader/user (10). In some instances, this includes ran-
domized trials in which the interventions under consideration are
directly compared. The GRADE system rates evidence that

Table 1. Definitions of selected terms used in the recommendations/ungraded position statements for KD*

Term Definition

Disease states
KD Fever lasting at least 5 days without any other explanation with at least 4 of the 5 following principal clinical

findings: 1) bilateral bulbar conjunctival injection without exudate, 2) erythema and cracking of lips,
strawberry tongue, and/or erythema of oral and pharyngeal mucosa, 3) erythema and edema of the hands
or feet (acute phase), and/or periungual desquamation (subacute phase), 4) maculopapular, diffuse
erythroderma, or erythemamultiforme–like rash, or 5) cervical lymphadenopathy (at least 1 lymph node >1.5
cm in diameter), usually unilaterally. The diagnosis may be made with only 4 days of fever if ≥4 principal
clinical findings are present.

Incomplete KD Prolonged unexplained fever in an infant or child with <4 of the principal clinical findings of KD (see above), and
compatible laboratory markers (elevated ESR/CRP level, elevated transaminase levels, UA with leukocyte
esterase–negative WBCs) or echocardiographic findings (coronary artery dilatation), defined according to
the algorithm in references 3 and 31

Acute KD Initial febrile phase of KD
Medications
IVIG Single dose of 2 gm/kg (no defined maximum dose, but the reasonable maximum range is 100–140 gm)
Nonglucocorticoid
immunomodulatory
therapy

Anakinra, cyclosporine, or infliximab

Glucocorticoids Prednisone 2 mg/kg/day (maximum dose 60 mg/day) tapered over 15 days, or equivalent
Aspirin High dose: 80–100 mg/kg/day; moderate dose: 30–50 mg/kg/day; low dose: 3–5 mg/kg/day

* KD = Kawasaki disease; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; UA = uric acid; WBCs = white blood cells;
IVIG = intravenous immunoglobulin.
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comes exclusively from the collective experience of the Voting
Panel and Patient Panel members as “very low–quality” evidence.

For each recommendation, details regarding the PICO ques-
tions and the GRADE evidence tables can be found in Supple-
mentary Appendix 2 (http://onlinelibrary.wiley.com/doi/10.1002/
acr.24838/abstract).

RESULTS

For the evidence report, the Literature Review Team summa-
rized 275 articles to address 16 PICO questions for KD. Details
regarding the methods utilized for the literature review are pro-
vided in Supplementary Appendix 1 (http://onlinelibrary.wiley.
com/doi/10.1002/acr.24838/abstract). Both the initial and sec-
ond Voting Panel utilized the evidence report to formulate their
recommendations. The recommendations formulated by the sec-
ond Voting Panel were consistent with those of the initial Voting
Panel. Clinical considerations for the recommendations were
further expanded by the second Voting Panel, and thus the rec-
ommendations of the second Voting Panel are presented here.

Table 1 presents definitions of selected terms used in the
recommendations, and Table 2 presents the recommendations
with their supporting PICO questions and level of evidence.
Figure 1 shows a schematic highlighting the key recommenda-
tions for the treatment of KD. Conditional recommendations are
indicated as such and are generally conditional due to a lack of
high-quality evidence (e.g., multiple randomized controlled trials)
supporting the recommendation.

Treatment recommendations

Good Practice Statement: IVIG is the standard-of-care
therapy for the initial treatment of KD.

IVIG has been established as the standard-of-care treatment
for KD for the last 4 decades due to the significant reduction in
the rate of coronary artery aneurysms as well as a reduction in
the duration of fever and other symptoms associated with its use
(11). Although no comparative trials of IVIG and glucocorticoids
have been conducted, glucocorticoids alone were considered
inadequate to treat KD based on findings from an early case
series (12,13). Thus, IVIG use is a mainstay of KD therapy. The
mechanisms of the therapeutic effect of IVIG in KD are still under
study (14).

Recommendation: For patients with acute KDwho are at
high risk of IVIG resistance or developing coronary artery
aneurysms, use of IVIG with adjunctive glucocorticoids as
initial therapy is conditionally recommended over treatment
with IVIG alone.

Risk scores have been developed to identify patients at
high risk of IVIG resistance in Japanese populations, but these
scores had poor sensitivity and specificity in a multiethnic US

population (15–17). A recent study of patients in North America
identified the following demographic and clinical characteristics
as predictors for the development of coronary artery aneu-
rysms at 2–8 weeks: a Z score in the left anterior descending
or right coronary artery of ≥2.0, age <6 months, Asian race,
and a C-reactive protein level of ≥13 mg/dl (18). In the US,
features that suggest an increased likelihood of morbidity in
KD include age <6 months or >9 years at diagnosis (19,20). In
patients with giant aneurysms (Z score >10) or multiple
aneurysms, regression of the aneurysms (via remodeling) at
late stages (21) is less likely, and large aneurysms are associ-
ated with the greatest morbidity rate (21,22).

Emerging evidence suggests that adding glucocorticoids to
IVIG as primary therapy can decrease the risk of developing coro-
nary artery aneurysms, although the strongest evidence is from a
Japanese population (16). There is also emerging evidence that
the addition of glucocorticoids can decrease the progression of
coronary artery aneurysms in patients with coronary aneurysms
at the time of diagnosis (23,24).

Thus, the use of glucocorticoids with IVIG is a treatment
option in patients who are at high risk of coronary artery aneu-
rysms. For this recommendation, the Voting Panel defined high-
risk features as a Z score of ≥2.5 (25–27) for the left anterior des-
cending or right coronary artery at the time of the initial echocar-
diography and age <6 months. This definition uses the Z score
of 2.5 instead of 2.0, since a score of 2.5 is defined as represent-
ing a true aneurysm. We also do not include patients >9 years of
age, as only a portion of these patients are believed to be “high-
risk.” The Voting Panel acknowledges that further investigation
clarifying the features of “high-risk” KD in a US population is
needed. Optimal dosing and duration of glucocorticoids are still
to be determined and will require further study in a US popula-
tion, but a typical dosage would be prednisone starting at
2 mg/kg/day (maximum 60 mg/day), with the dose tapered over
15 days. The use of IVIG alone is conditionally recommended
when the treating physician is unsure whether a patient is at high
risk of developing coronary artery aneurysms, or when additional
glucocorticoid exposure may be detrimental to the patient. The
use of glucocorticoids is generally not recommended in patients
who do not have features suggestive of high risk.

Recommendation: For patients with acute KDwho are at
high risk of IVIG resistance or developing coronary artery
aneurysms, using IVIG with other nonglucocorticoid immu-
nomodulatory immunosuppressive agents as initial therapy
is conditionally recommended over treatment with IVIG
alone.

For patients with features of high-risk disease, adjunctive
therapy with a nonglucocorticoid immunomodulatory agent, such
as infliximab, anakinra, or cyclosporine, may improve outcomes in
acute disease and may also improve cardiac outcomes
(21,23,28,29). Thus, adjunctive therapy with a nonglucocorticoid
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immunomodulatory agent can be considered in patients with KD
who are at high risk of not responding to IVIG. For any patient
considered to have features of high-risk disease, a rheumatologist
or other clinician with expertise in KD should be consulted before
adding an adjunctive agent (glucocorticoids or nonglucocorticoid
immunomodulatory agents) to ensure correct diagnosis and
appropriate utilization of adjunctive therapies. The Voting Panel
also advocated for a stepwise therapeutic algorithm, in which
either a glucocorticoid or nonglucocorticoid immunosuppressive
agent along with IVIG is initially prescribed in high-risk patients.
Currently, there is more evidence supporting the use of glucocor-
ticoids than nonglucocorticoid immunosuppressive agents in this
patient population, and further study is warranted to compare the
efficacy of glucocorticoid therapy to nonglucocorticoid therapy in
this population. There may be specific situations in which gluco-
corticoids are contraindicated, but the patient exhibits high-risk
features that would indicate the need for adjunctive nonglucocor-
ticoid immunomodulatory therapy. Once again, use of IVIG alone

is appropriate if the treating physician is unsure whether a patient
has high-risk features, as described in the previous recommenda-
tion, or if using a nonglucocorticoid immunomodulatory agent
presents a greater risk of an adverse effect to the patient.

Recommendation: For patients with incomplete KD,
prompt treatment with IVIG at the time of diagnosis is
strongly recommended over delaying treatment until day
10 or later.

Incomplete KD is defined as a condition of suspected KD
that lacks the sufficient number of features to meet criteria for
KD (3,30) (Table 1). Patients with incomplete KD should be evalu-
ated using the algorithm for incomplete KD as outlined in the AHA
guidelines for KD (3,30). The performance of this algorithm for iden-
tifying patients with incomplete KD has been validated (30). The
practice of completing diagnostic testing and initiating treatment
by day 10 of fever is not based on mechanisms or studies of dis-
ease pathogenesis or treatment outcomes. Instead, this

Table 2. Good practice statement, recommendations, and ungraded position statement regarding diagnostic testing for and treatment of KD*

KD PICO question informing
recommendation and

discussion
Level of
evidence

Treatment recommendations
Good practice statement: IVIG is the standard-of-care therapy for the initial treatment of
KD.

3 High

For patients with acute KD who are at high risk of IVIG resistance or developing coronary
artery aneurysms, use of IVIG with adjunctive glucocorticoids as initial therapy is
conditionally recommended over treatment with IVIG alone.

4 Low

For patients with acute KD who are at high risk of IVIG resistance or developing coronary
artery aneurysms, using IVIG with other nonglucocorticoid immunomodulatory
immunosuppressive agents as initial therapy is conditionally recommended over
treatment with IVIG alone.

5 Very low

For patients with incomplete KD, prompt treatment with IVIG at the time of diagnosis is
strongly recommended over delaying treatment until day 10 or later.

1 Low

For patients with acute KD and suspected or diagnosed MAS, treatment with IVIG for KD
and additional agents to treat MAS is strongly recommended.

2 Very low

For patients with acute KD and persistent fevers after initial treatment with IVIG, a second
course of IVIG is conditionally recommended over the use of glucocorticoids.

10 Very low

Ungraded position statement: For patients with acute KD and persistent fevers after
repeated treatment with IVIG, either nonglucocorticoid immunosuppressive therapy or
glucocorticoids may be used.

11 Low

For patients with acute KD, using aspirin is strongly recommended over no aspirin. 6 Very low
For patients with acute KD with subsequent resolution of fevers, continued daily
monitoring for fevers is strongly recommended over not monitoring for fevers.

12 Very low

For patients with acute KD who have arthritis that persists after IVIG treatment and who
do not have coronary artery aneurysms, using NSAIDs to treat arthritis is conditionally
recommended over not using NSAIDS.

13 Very low

Diagnostic imaging
For children with suspected incomplete KD and fever, obtaining an echocardiogram with
coronary artery measurements without delay is strongly recommended over not
obtaining an echocardiogram.

D1 Very low

For children with unexplained shock physiology, obtaining an echocardiogram with
coronary artery measurements is strongly recommended.

D2 Very low

For children with unexplained MAS, obtaining an echocardiogram with coronary artery
measurements is strongly recommended.

D3 Very low

* For the population, intervention, comparator, and outcome (PICO) questions used in the Grading of Recommendations Assessment, Develop-
ment and Evaluation methodology, as developed for Kawasaki disease (KD), please refer to Supplementary Appendix 2 (available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24838/abstract). IVIG = intravenous immunoglobulin;
MAS = macrophage activation syndrome; NSAIDs = nonsteroidal antiinflammatory drugs.
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“treatment deadline” was chosen as a research end point in the
original studies in KD (31). It is recognized that prompt treatment
prevents adverse outcomes, and patients should receive treatment
as soon as the diagnosis of incomplete KD is made, rather than
waiting until day 10 to see if they meet criteria for complete
KD. Although delayed IVIG treatment after 10 days of fever is asso-
ciated with worse outcomes (32), IVIG treatment should still be
administered to patients even if they present after >10 days of
fever. Thus, patients who meet the criteria for incomplete KD
according to the AHA guidelines should be treated promptly to
avoid adverse consequences, since the risk of developing coronary
artery dilatation increases each day without treatment. This is a
strong recommendation because this intervention is standard of
care, and the consequence of delaying treatment may lead to sig-
nificant coronary artery aneurysms or rupture, which are severe
adverse outcomes. In addition, resolution of fever prior to day
10 is not an indication to withhold treatment in patients meeting cri-
teria for incomplete or complete KD. In patients with characteristi-
cally elevated levels of acute-phase reactants, treatment is
recommended, as these patients remain at high risk of developing
adverse outcomes (3,33).

Recommendation: For patients with acute KD and sus-
pected or diagnosed macrophage activation syndrome
(MAS), treatment with IVIG for KD and additional agents to
treat MAS is strongly recommended.

MAS, a form of secondary hemophagocytic lymphohistiocy-
tosis (HLH), is a potentially underrecognized complication of KD
(34,35). Formal diagnostic criteria for MAS in the setting of KD
have not been developed. However, drawing on experience with

other secondary HLH presentations, MAS may be suspected in
KD patients with persistent fever, splenomegaly, elevated ferritin
levels, and thrombocytopenia (35). Inadequate treatment of either
KD or MAS could result in severe consequences. These include
large coronary aneurysms or coronary artery stenosis, leading to
death via cardiac infarct or coronary rupture in KD, or death due
to multiorgan dysfunction in MAS (36).

Thus, to ensure appropriate therapy, each disease entity
should be considered separately with appropriate targeted ther-
apy. KD should be treated with IVIG as the first-line therapy, and
MAS should also be treated with appropriate agents for targeting
cytokine storm or underlying triggers. Anakinra and glucocorti-
coids are preferred for treatment in these patients over a primary
HLH–directed treatment protocol with cytotoxic agents. Although
no head-to-head comparison trials have been published, primary
HLH–directed therapy, which has considerably more associated
toxicity, may not be warranted in patients without an underlying
genetic predisposition to HLH. This is a strong recommendation
because the consequence of not appropriately treating KD or
MAS may be associated with increased mortality.

Recommendation: For patients with acute KD and per-
sistent fevers after initial treatment with IVIG, a second
course of IVIG is conditionally recommended over the use
of glucocorticoids.

Findings from 6 studies provide indirect evidence for this
recommendation, though no direct comparative studies were
available (37–42). For KD patients with persistent fevers after
the initial course of IVIG, studies suggest that there is no differ-
ence in coronary artery outcomes between repeating the

Figure 1. Key recommendations for the treatment of Kawasaki disease in patients with and those without clinical features indicating a high risk for
poor outcome.
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course of IVIG versus a single dose of pulse glucocorticoids
(i.e., 30 mg/kg with a maximum of 1 gm) (43). A meta-analysis
of 12 studies involving 372 patients whose disease was resis-
tant to treatment with a single course of IVIG failed to demon-
strate significant differences in coronary artery outcomes
between patients treated with a second dose of IVIG versus
glucocorticoids versus infliximab (44). Although current evi-
dence does not clearly indicate the superiority of a second
course of IVIG over glucocorticoids, a second course of IVIG
in patients who have persistent fever for >36 hours after the first
dose is conditionally recommended, as it is the current stan-
dard of care. However, as a conditional recommendation, glu-
cocorticoids are a reasonable alternative (e.g., starting at
2 mg/kg/day and tapering over 15 days or a single dose of
20–30 mg/kg). Repeated doses of IVIG may put patients at risk
of hemolytic anemia, and the results of ongoing studies may
alter this recommendation in the future (45–47). In patients with
risk factors for hemolytic anemia with IVIG, such as non–type O
blood groups, alternative therapies, such as glucocorticoids or
nonglucocorticoid immunomodulatory therapy, should be con-
sidered (45,48). Combination therapy (i.e., multiple anticyto-
kine agents) is not recommended for routine care and
generally should only be considered in patients with extremely
severe disease.

Ungraded Position Statement: For patients with acute
KD and persistent fevers after repeated treatment with IVIG,
either nonglucocorticoid immunosuppressive therapy or glu-
cocorticoids may be used.

In patients with KD and persistent fevers after 2 doses of
IVIG, use of another agent is indicated. Findings from studies of
infliximab and cyclosporine for the treatment of refractory KD sug-
gest some potential benefit of these agents (28,29). Head-to-
head comparisons between these nonglucocorticoid immuno-
suppressive agents and glucocorticoids have not been per-
formed. There is no clinical evidence to suggest superiority of
either glucocorticoids or nonglucocorticoid immunomodulatory
agents, and the Voting Panel was evenly split as to which to rec-
ommend. Thus, the Voting Panel believes that use of either class
of agents would be appropriate based on the specific clinical sce-
nario. Combination therapy (glucocorticoid with a nonglucocorti-
coid immunosuppressive agent) can be considered in severe
cases, such as rapidly expanding aneurysms or imminently life-
threatening disease.

Recommendation: For patients with acute KD, using
aspirin is strongly recommended over no aspirin.

The use of aspirin in patients with KD to reduce inflammation
and prevent thrombosis through its antiplatelet effect is consid-
ered standard of care. However, the optimal dosage is unclear.
Historically, high dosages of aspirin (80–100 mg/kg/day) were
used during the acute phase for antiinflammatory effects, but

there is no evidence of benefit with high- versus low-dose aspirin
(3–5 mg/kg/day) when considering coronary vascular damage
(49–51). The AHA guidelines should be consulted for recommen-
dations regarding anticoagulation in patients with larger aneu-
rysms (3). This is a strong recommendation because aspirin is
recognized to be a low-cost intervention with limited toxicity at
antiplatelet dosing, and also because there are significant conse-
quences of not inhibiting platelet activity, such as coronary artery
thrombosis.

Recommendation: For patients with acute KD with sub-
sequent resolution of fevers, continued daily monitoring is
strongly recommended over not monitoring for fevers.

Patients with KD may experience recurrence of disease or
treatment-refractory disease heralded by returning fever and
other symptoms. In addition, the duration of fever is a predictor
of coronary artery aneurysms (52). Thus, patients should be mon-
itored daily for fevers for 1–2 weeks after discharge, with fever
defined as an oral temperature in older children and a rectal tem-
perature in infants of >38.0�C or an axillary temperature of
>37.5�C. Parents or guardians should be instructed by the dis-
charging physician on how to take a temperature and told to con-
tact the physician should fever recur. Daily fever monitoring is
strongly recommended because it is low cost, without harms,
and may identify recurring KD.

Recommendation: For patients with acute KD who have
arthritis that persists after IVIG treatment and who do not
have coronary artery aneurysms, using nonsteroidal antiin-
flammatory drugs (NSAIDs) to treat arthritis is conditionally
recommended over not using NSAIDS.

Patients with acute and subacute KD can develop arthritis,
but treatment with IVIG decreases the incidence of arthritis in this
setting from 30% to ~2–12% (53). Arthritis in KD is usually short-
lived, lasting between 7 and 21 days (53–55). In general, arthritis
can be treated with NSAIDs, but NSAIDs directly inhibit the ability
of aspirin to acetylate cyclooxygenase 1, thus decreasing aspi-
rin’s protective effects (56). The impact of NSAID use can be par-
tially mitigated by administering aspirin prior to NSAIDs, but
combination therapy is usually not recommended given the
potential increased toxicity (56).

Patients without coronary artery aneurysms generally do not
require long-term treatment with aspirin. The optimal duration of
treatment with aspirin in these patients is not well defined but in
practice is generally 6–8 weeks. Patients with coronary artery
aneurysms require long-term and potentially indefinite aspirin
use (3). For patients without coronary artery aneurysms who do
not require long-term use of aspirin and who have arthritis requir-
ing additional therapy, aspirin can be temporarily suspended and
a short course (3–4 weeks) of NSAIDs can be used as needed.
Conversely, if indefinite or long-term aspirin use is needed due to
coronary artery aneurysms, then either acetaminophen, a short
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course of glucocorticoids, or nonsystemic NSAID pain manage-
ment options (e.g., a topical NSAID) can be used. A pediatric
hematologist or cardiologist should be consulted to consider an
alternative anticoagulant (e.g., clopidogrel) if prolonged use of
systemic NSAIDs is required (i.e., >3 weeks), especially in a
patient with coronary artery aneurysms.

Diagnostic imaging

Recommendation: For children with suspected incom-
plete KD and fever, obtaining an echocardiogramwith coronary
artery measurements without delay is strongly recommended
over not obtaining an echocardiogram.

Patients with incomplete KD have at least the same or an
increased risk of coronary artery lesions compared to patients
with classic KD (57). Therefore, in patients in whom incomplete
KD is suspected, a diagnosis should be confirmed as soon as
possible so that features associated with high risk of coronary
artery aneurysms can be assessed, treatment can be initiated
without delay, and adverse outcomes can be prevented. Echo-
cardiographic assessment of the absolute dimensions of the
coronary artery and body surface area–adjusted Z scores can
help establish a diagnosis of incomplete KD and should be
obtained promptly when this diagnosis is suspected. The AHA
guidelines for KD management provide an algorithm for the eval-
uation and treatment of suspected incomplete KD (3), which has
been validated (30). Echocardiography is strongly recom-
mended in this scenario because it has minimal potential harms
and may prevent adverse outcomes by prompting the treatment
of incomplete KD.

Recommendation: For children with unexplained shock
physiology, obtaining an echocardiogram with coronary
artery measurements is strongly recommended.

Unexplained shock can be due to Kawasaki shock syn-
drome, a recognized manifestation of KD (58). Echocardio-
grams are often obtained in children with unexplained shock,
especially in those with the prodrome of prolonged fever, to
evaluate cardiac function and help identify the potential etiol-
ogy. We recommend that the coronary arteries be included in
the echocardiographic examination to evaluate for KD as a
potential etiology of shock. This is strongly recommended
because echocardiography has minimal potential harms and
may prevent catastrophic outcomes by facilitating the diagno-
sis and prompt treatment of KD.

Recommendation: For children with unexplained MAS,
obtaining an echocardiogram with coronary artery measure-
ments is strongly recommended.

As noted above, KD is one of the clinical inflammatory entities
that can predispose patients to the development of MAS (59). For
patients with unexplained MAS, KD should be considered as a

potential underlying etiology. Echocardiography with inclusion of
the coronary arteries is one method of identifying KD as a poten-
tial treatable underlying condition. This is strongly recommended
because echocardiography has minimal potential harms and
may prevent adverse outcomes by facilitating the diagnosis and
prompt treatment of KD.

DISCUSSION

This is the first guideline issued by the ACR in conjunction
with the Vasculitis Foundation for the management of KD. These
recommendations constitute a guide to help physicians treat
KD. This guideline should not be used by any agency to restrict
access to therapy or require that certain therapies must be utilized
prior to other therapies.

Patients with KD in the US are often diagnosed and treated
by physicians with expertise in areas other than rheumatology
(e.g., pediatric cardiologists, hospitalists, or infectious disease
specialists). The recommendations in this guideline focus on sit-
uations in which rheumatologists are often consulted, such as in
the management of severe disease, treatment-refractory dis-
ease, arthritis, and MAS with KD. However, these recommenda-
tions are relevant to physicians treating KD regardless of their
area of expertise.

The AHA has presented recommendations for the initial
treatment and long-term management of KD (3). Recommen-
dations presented in this guideline are intended to supplement
the AHA guidelines and serve as an additional reference for
rheumatologists who may be less familiar with KD. Emerging
evidence suggesting that adjunctive therapy decreases the
incidence of severe coronary artery aneurysms and accelerates
regression of these aneurysms provides the basis for the rec-
ommendations concerning “high-risk” KD (23). Although aneu-
rysms that have regressed are affected by endothelial
dysfunction and therefore remain abnormal vasculature, nor-
malized vessel caliber decreases the risk of morbidity from ves-
sel thrombosis (3).

Finally, during the COVID-19 pandemic, a novel multisys-
tem inflammatory syndrome in children (MIS-C) associated with
SARS–CoV-2 infection emerged, with some features sugges-
tive of KD (60,61). While as many as 50% of these patients
could meet criteria for KD, many patients exhibit manifestations
that are unusual for KD, including colitis, myocarditis, and neu-
rologic changes, and often present with or develop shock (62).
Further study is needed to understand the relationship between
MIS-C and KD, especially Kawasaki shock syndrome. Based on
clinical experience, recognition and differentiation of these
patients from patients with classic KD is important. Patients
who fulfill criteria for KD should be treated using the therapies
discussed in this guideline. Additional research is needed to
determine optimal treatment for MIS-C with and without KD
features.
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In summary, the ACR and Vasculitis Foundation present
these recommendations to assist physicians in managing
KD. This guideline can serve as a resource for basic principles of
management and will evolve as new treatment strategies for this
disease are identified.
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C L I N I C O P A T HO LOG I C C ON F E R EN C E

The Osteosclerosis Challenge: Toothpaste Unveiling Secrets

Fadi Kharouf, Alexander Greenberg, Meir Liebergall, Yusef Azraq, and Chamutal Gur

CASE PRESENTATION

Chief symptoms

A 35-year-old female patient presented with an 18-month

history of bilateral hip and groin pain, limiting her ability to ambu-

late. Pain was present upon rest and with exertion and responded

poorly to treatment with simple analgesics. No other systemic

symptoms were present.

Medical, social, and family history

The patient’s past medical record was notable for anorexia

nervosa, secondary amenorrhea, irritable bowel syndrome (IBS),

and a presumed diagnosis of palindromic rheumatism. Family his-

tory was unremarkable. She received therapy with estradiol, sul-

piride, hydroxychloroquine, and laxatives. The patient was single

and lived by herself.

Physical examination

Vital signs were within normal limits. Physical examination

revealed general signs of malnourishment, including a low body

mass index (BMI) of 15 kg/m2 and temporal wasting. Hip abduc-

tion and rotation were limited. No other prominent findings were

noticed during the physical examination.

Laboratory and radiographic evaluation

Blood testing showed normal chemistry, mild macrocytic

anemia (hemoglobin 10.5–12 gm/dl; normal range: 12.4–16.1

gm/dl), and mild thrombocytopenia (110,000–160,000/mm3;

normal range: 203,000–445,000/mm3). Markers of inflammation

were not elevated. Tests for the presence of antinuclear antibodies

(ANAs), rheumatoid factor (RF), and anti–citrullinated protein anti-

bodies (ACPAs) were all negative.
Radiographs of the hip displayed bilateral symmetric coarse

osteophytes without clear joint space narrowing (Figure 1). A
computed tomography (CT) scan of the pelvis showed a diffuse

bony sclerotic pattern with atrophic hip changes and periosteal
reactions in the femoral necks. Large osteophytes of unusual

appearance on the anterior aspect of the acetabula and femoral

heads dominated the radiologic image (Figure 1). Joint spaces
appeared mildly narrowed with increased intraarticular fluid, and

the sacroiliac joints were intact. A bone scan demonstrated a het-
erogeneous vertebral uptake with a high bilateral hip signal, con-

sistent with the increased metabolic activity seen in several
insults including trauma, inflammation, degenerative joint dis-

ease, infections, and tumors. In light of these findings, magnetic

resonance imaging (MRI) of the right hip was performed, showing
extensive edema of the femoral head and neck, with suspected

subchondral fracture. Bone densitometry was completed there-
after, revealing an elevated T score of +4.4 in the lumbar verte-

brae and a T score of −0.5 at the femoral neck (normal value:

T score ≥ 1).

CASE SUMMARY

A 35-year-old female patient presented with an 18-month
history of bilateral hip and groin aches. Her medical history was

notable for IBS, secondary amenorrhea, and a presumed diagno-

sis of palindromic rheumatism. Physical examination revealed
obvious signs of malnourishment as well as limited hip abduction

and rotation. Laboratory testing was notable for mild anemia and
thrombocytopenia. Markers of inflammation were within normal

limits, and testing for RF and ACPAs was negative. Imaging stud-
ies of the pelvis displayed significant osteosclerosis with large,

unusual-appearing osteophytes of the hip joints.
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DIFFERENTIAL DIAGNOSIS

The central unusual aspects of this patient were the marked
bony sclerosis and the osteophyte formation in an individual of
young age. The major initial differential diagnosis of osteosclerosis
included various congenital, endocrine, metabolic, hematologic,
and neoplastic causes. Complications caused by malnutrition
may explain certain bone abnormalities. The premature atypical
osteoarthritis (prominent osteophytes with only mild joint narrow-
ing) in this patient was likely to represent a secondary process.

Congenital, endocrine, metabolic, and hematologic
etiologies of osteosclerosis. Osteosclerosis is characterized
by abnormal bone hardening with elevated osseous density.
Causes of osteosclerosis include congenital, endocrine, meta-
bolic, and hematologic diseases. Inherited disorders consist of
osteopetrosis, pycnodysostosis, diaphyseal dysplasia, and scler-
osteosis, among others. Primary hyperparathyroidism, hypothy-
roidism, and acromegaly are all possible endocrine causes of
osteosclerosis. While fluorosis, renal phosphate wasting, renal
osteodystrophy, and Paget’s disease of bone represent meta-
bolic causes, whereas hematologic causes include myelofibrosis,
mastocytosis, and sickle cell disease (1–3).

Despite the fact that extensive genetic and clinical investiga-
tions into such entities were not carried out in the patient, such
investigations would not have fully explained the findings. The
complaints started in adulthood and were not accompanied by
craniofacial abnormalities, external bone deformities, short stat-
ure, or myopathy. Furthermore, the patient had no renal failure,

severe anemia, or hepatosplenomegaly. Levels of parathyroid
hormone (PTH), thyroid-stimulating hormone (TSH), insulin-like
growth factor 1 (IGF-1), and alkaline phosphatase were not
elevated.

Primary bone tumors. Primary bone tumors are a rela-
tively rare entity. The majority of primary lesions in all ages are either
entirely osteolytic or have a mixed osteolytic and osteoblastic
appearance. Yet, enchondromas and bony islands can present as
mostly, if not completely, blastic. In the long bones, enchondromas
are most commonly found as a solitary lesion in the distal femur (4).
Syndromes with multiple enchondromas, such as Maffucci syn-
drome or Ollier disease, present with marked deformities of the dig-
its, which were absent in the patient. Bone islands are small solitary
lesions, found in the proximal femur or pelvic bones, and do not
have the confluent appearance involving the entire bone, like the
one this patient had. A bone biopsy was planned, anyway, in order
to investigate the patient’s disease process.

Bone metastases. Bone metastases are more common
than primary bone tumors, especially in adults. Lesions can be
osteolytic, osteoblastic, or mixed. Multiple myeloma, renal cell
carcinoma, breast cancer, and melanoma can all cause osteolytic
lesions. Osteoblastic bone lesions may originate from prostate
cancer, carcinoid, small cell lung cancer, and Hodgkin lymphoma,
among others. Some malignancies can cause a mixed osteoblas-
tic–osteolytic pattern, including breast and gastrointestinal can-
cers (5). The absence of extraosseous symptoms along with the

Figure 1. Imaging of the hips. A, Radiograph of the left hip showing symmetric coarse osteophytes (thick arrows), without evident joint space
narrowing. B, Computed tomography of the left hip showing a diffuse sclerotic pattern (thick arrows), with atrophic hip changes, periosteal reac-
tions in the femoral necks, and large osteophytes of unusual appearance (thin arrows) on the anterior aspect of the acetabula and femoral heads.
Joint spaces appeared mildly narrowed with increased intraarticular fluid, with sacroiliac joints intact.
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bilateral symmetrical localization of the lesions was an argument
against a diagnosis of bone metastases in this patient.

Complications of malnutrition. As mentioned above,
the patient’s medical history was notable for anorexia nervosa.
Osteopenia and osteoporosis are both common complications
of the disease, and patients remain fracture-prone (6). Though
the musculoskeletal effects of anorexia nervosa should never be
overlooked, this disease clearly did not explain the entire constel-
lation of findings in this patient. In particular, the patient exhibited
an unexpectedly high bone density as opposed to the low bone
density expected in anorexia nervosa, thus invoking further inves-
tigation into her underlying condition.

CLINICAL COURSE

Several orthopedic evaluations raised no specific diagnosis,
and the patient was referred to a rheumatologic consultation. At
the rheumatology clinic, no evident signs of inflammatory disease
were found. Revision of the imaging studies, and completion of an
endocrine evaluation, hip joint arthrocentesis, and bone biopsy
were recommended.

The aforementioned unusual bony findings, along with chon-
drolysis, were again emphasized upon revision of the imaging
tests. A comparison of lumbar vertebral density on CT scans, in
Hounsfield units (HU), between 2 tests performed in 2010 and
2017, revealed a significant rise in bone density over the years
(166 HU in 2010 and 432 HU in 2017). The patient was referred

Figure 2. Pathologic specimen of the patient’s femoral neck, removed during total hip arthroplasty. Staining with hematoxylin and eosin shows a
markedly thickened and irregularly distributed lamellar and woven cortical and trabecular bone (arrows). Increased osteoblastic and osteoclastic
activity is seen, surrounding the trabeculae.

Figure 3. Computed tomography of the pelvis. Large radiopaque mass (arrow) in the bowel lumen, representing remnants of swallowed tooth-
paste and mouthwash.
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to a formal endocrine evaluation. Cortisol, vitamin D, PTH, sex
hormones, TSH, C peptide, IGF-1, vitamin B12, electrolytes, cre-
atinine, and liver function tests were all unremarkable. A systemic
osteosclerotic disease, affecting bone metabolism and minerali-
zation, was suspected, and exome sequencing was advised. This
was not completed, for unclear reasons.

Aspiration of the right hip was carried out, and a lidocaine
injection was given. The latter relieved the patient’s symptoms,
identifying the hip joint as the source of her aches. Synovial fluid
analysis showed no bacterial growth or crystals, and iliac bone
biopsy demonstrated no signs of osteomyelitis or metabolic osse-
ous disease.

In light of the patient’s debilitating aches and marked func-
tional limitation, and considering the localization of pain to the hip
joints, the patient underwent a staged bilateral total hip arthro-
plasty. Pathologic changes from the excised bony and soft tissue
structures revealed a markedly thickened and irregularly distrib-
uted cortical and trabecular bone. Additionally, increased osteo-
blastic and osteoclastic activity, synovial villous hyperplasia,
cartilage degeneration, and a mild inflammatory infiltrate were
identified. Congo red staining was negative, and immunohisto-
chemical staining for CD20, CD3, and CD163, among others,
contributed to the exclusion of a lymphoproliferative disease.
Tryptase staining did not reveal an enrichment of mast cells,
excluding the possibility of mastocytosis as a cause. The overall
pathologic impression was of osteoarthritis, alongside a marked
focal thickening of irregular lamellar and woven bone (Figure 2),
secondary to an unknown disease pathology.

A few months after her second hip arthroplasty, the patient
underwent a cholecystectomy following an episode of acute cho-
lecystitis. While her hospitalization was uneventful, the abdominal
CT scan revealed an irregular, large opaque mass (Figure 3) in the
bowel lumen. On further questioning during a follow-up visit, the
patient admitted to consuming several tubes of toothpaste and
mouthwash every week, on a regular basis, for the last 7 years.
Fluoride concentration was then measured in the excised femoral
head and noted to be excessively high with a result of 3.30 mg/kg

(normal range: <2.65 mg/kg). The patient was diagnosed as hav-
ing skeletal fluorosis, solving the long-standing enigma.

DISCUSSION

To our surprise, the patient had been consuming tremen-
dous amounts of fluoride through toothpastes and mouthwashes
for years. This important detail was finally reached after the inci-
dental finding of a radiopaque bowel mass on an abdominal CT
scan, leading to the correct diagnosis of skeletal fluorosis.

Exposure to fluoride can occur through dietary intake, inhala-
tion, and fluoride supplements. The most important source of
fluoride in diet is fluoridated water (7). Although fluoride is impor-
tant for proper enamel and bone mineralization, it can be toxic
when consumed in excessive amounts. The recommended daily
fluoride intake is 0.05 mg/kg (8). The minimum dose expected to
cause signs and symptoms of fluoride intoxication is about
5 mg/kg/body weight, with reported lethal doses between 7 and
16 mg/kg/body weight (9). An average toothpaste tube contains
1 mg of fluoride per 1 gm of toothpaste (10). Ingesting a standard
100 gm tube of toothpaste would introduce 100 mg of fluoride
into the body. In a patient with anorexia nervosa who weighs
40 kg, this translates to 2.5 mg/kg of fluoride. Two tubes of tooth-
paste a day would place this patient at the 5 mg/kg threshold for
fluoride toxicity.

Chronic endemic fluorosis is a major health problem in ~50
countries, especially in India and other regions of Asia, Latin
America, and Africa. The disease is more common among poor
populations in endemic areas and is often found in volcanic zones
rich in fluoride (11). In nonendemic areas, however, most cases of
fluoride toxicity are seen in young children due to the ingestion of
fluoride-containing products, such as toothpastes and mouth-
washes (9).

High fluoride consumption is known to cau-
se hypomineralization of the enamel (9). It can also increase the
accretion, resorption, and calcium turnover rates of bone tissue,

Figure 4. Interval improvement in the abdominal and pelvic opacities (arrows) on serial radiographs of the hips, representing gradual fluoride
dissipation.
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thereby affecting osseous hemostasis (12). Chronically high fluo-
ride intake can thus cause a mottled appearance of the teeth. In
severe cases, it might lead to skeletal fluorosis, in which bone is
radiologically dense, but also fragile and fracture-prone (13). The
disease is characterized by excessive ossification and joint anky-
losis (14). It can also cause soft tissue calcification, leading to
restricted mobility (8). Exostoses and bony outgrowths have been
described as well (15). While the condition is often asymptomatic,
nonspecific limb and lower back aches may be reported, besides
chronic fatigue and joint stiffness (11).

Characteristic imaging features include osteosclerosis,
osteophytosis, and ligamentous calcifications, most evident on
the pelvis and spine. Osteopenia, although less common, may
also occur. Complications include kyphosis, flexion contractures,
and radiculomyelopathies (11). While in certain instances the
diagnosis of skeletal fluorosis is straightforward, this is often not
the case. Kakumanu and colleagues reported a case of skeletal
fluorosis secondary to excessive tea consumption (16). In this
case, the complaint of bone pain explained the rugger jersey
appearance of the spine and the calcifications of the interosseous
membrane on radiographic imaging (16).

No specific treatment exists for skeletal fluorosis, and much
of the effort to reduce the incidence of this disease is focused on
prevention through defluoridation of water and nutritional modifi-
cations. Management of the disease is aimed at symptom control
with painkillers and nonsteroidal antiinflammatory drugs. In chil-
dren, the combination of calcium, vitamin D, and ascorbic acid
may enhance the regression of signs of skeletal fluorosis. In select
cases of myelopathy, decompressive laminectomy may be rec-
ommended. These interventions, however, remain far from being
curative (11).

As of today, the patient stopped consuming fluoride-contain-
ing products and has reported feeling better, with minimal skeletal
pain. She underwent several bowel irrigations due to toothpaste
remnants. Serial abdominal radiographs confirmed the interval
disappearance of the radiopaque material (Figure 4). Her most
recent colonoscopy revealed no contents of clinical significance.

The patient was eventually diagnosed as having skeletal fluo-
rosis. This work highlights the importance of broadening the dif-
ferential diagnosis in the evaluation of patients with bone pain
and unusual radiologic findings. In this patient, it took years to
diagnose the disease causing her symptoms, with tens of clinic
visits, multiple radiologic tests, and several invasive diagnostic
and therapeutic procedures. This stemmed from the rarity of skel-
etal fluorosis (especially in a nonendemic country) and the lack of
familiarity with the diagnosis, as well as from the information gaps
present in the initial patient survey. It is likely that a thorough his-
tory-taking would have revealed the diagnosis of skeletal fluorosis
much sooner.

Osteosclerotic bone lesions demand serious consideration
by physicians, and various causes exist for osteosclerosis, includ-
ing congenital syndromes, hematologic disorders, endocrine

diseases, and neoplasms. Skeletal fluorosis is rare in nonendemic
regions; still, it should be considered in the differential diagnosis of
osteosclerosis. A thorough history-taking is instrumental in ascer-
taining the correct diagnosis of skeletal fluorosis and establishing
an appropriate treatment regimen.

FINAL DIAGNOSIS

Skeletal fluorosis.
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C L I N I C O P A T HO LOG I C C ON F E R EN C E

A 79-Year-Old Female Patient With Altered Mental Status
and Anemia

Mithu Maheswaranathan, Anand S. Lagoo, Louis Diehl, and Ankoor Shah

CASE PRESENTATION

Chief symptoms

A 79-year-old female patient was hospitalized for altered

mental status with delirium and auditory and visual hallucinations

for several weeks.

History of present illness

Two months prior to her admission to the hospital, the

patient presented to a hospital outside our institution with nausea

and vomiting and was diagnosed as having acute kidney injury

(AKI). She was treated for a urinary tract infection with a course

of intravenous ceftriaxone. A renal ultrasound demonstrated no

signs of obstruction. Her serum creatinine level peaked at 3.4

mg/dl, and the etiology of the AKI was attributed to acute tubular

necrosis. Renal function improved, with an improvement in serum

creatinine level to 2.1 mg/dl, and the patient was discharged.
After hospital discharge, the patient experienced a progres-

sively declining mental status over the subsequent 4 weeks. At

baseline, patient was living alone with no cognitive deficits and

completed all activities of daily living independently. However,

her family said the patient was now unable to state her name or

birthday. She developed auditory and visual hallucinations and

would call out to individuals who were not present. Because of

the delirium, the patient was admitted for evaluation and

treatment.

Past medical, social, and family history

The patient had a history of hypertension, hyperlipidemia,

chronic diastolic congestive heart failure, peripheral vascular

disease, meningioma, and deep venous thrombosis (DVT). Her

family reported a history of alopecia that was the result of

damage from treatments at a hair salon. Surgical history was
notable for left below-the-knee amputation due to severe
peripheral vascular disease with no further complications and
resection of prior meningioma. Family history was negative for
autoimmune disease, psychiatric disorders, or neurologic dis-
orders. The patient had no known tobacco, alcohol, or illicit
drug use. Family stated she had no recent travel or sick con-
tacts. At the time of her admission, her medications included
bisoprolol/hydrochlorothiazide, diltiazem, gabapentin, lisinopril,
and simvastatin.

Review of systems

A comprehensive review of systems could not be obtained
given the mental status of the patient. The family of the patient
stated that she had no obvious weight loss and that she did not
complain of fevers or night sweats. She had not reported head-
ache, visual changes, weakness, or urinary changes in the pre-
ceding weeks. She noted a mild acute viral illness a month prior,
which was self-limiting. She did not have any oral or nasal ulcers,
photosensitive rashes, joint pain or swelling, or Raynaud’s phe-
nomenon. To their knowledge, she had no history of substance
abuse or travel outside the US.

Physical examination

Physical examination revealed a blood pressure of 160/96

mm Hg, heart rate of 103 beats per minute, respiratory rate of
24 breaths per minute, temperature of 97.6�F, and oxygen satu-
ration of 99% on room air. The patient was ill-appearing and had
her eyes closed. She opened her eyes to touch or voice and
responded “yes” or “no” to questions but was not reliable in
accuracy of the responses and was intermittently somnolent.
Examination of the head and neck revealed nonscarring alopecia,
without any oropharyngeal or nasal ulcerations. She had a
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rubbery, immobile nontender palpable left axillary lymph node

measuring 1.0 cm × 1.5 cm and palpable inguinal lymphadenop-

athy as well. Cardiac examination demonstrated tachycardia with

regular rhythm and no murmurs. Her lungs were clear to ausculta-

tion bilaterally and breathing was nonlabored. Examination of the

abdomen revealed no masses or hepatosplenomegaly. She had

a few dark chronic, nonblanching, nonpalpable brown hyperpig-

mented patches of the right foot. Neurologic examination was dif-

ficult to assess given lack of patient cooperation. She was not

oriented to place or time. Cranial nerves were intact and pupils

were equal, round, and reactive to light. Fundoscopic examina-

tion was unrevealing. The patient did not exhibit left- or right-sided

neglect. Meningeal testing was unremarkable, including negative

results for Kernig’s and Brudzinski’s signs and no nuchal rigidity.

Gait and strength testing could not be assessed given the severity

of her encephalopathy and limited ability to follow commands.

Reflexes of the bilateral knees and ankles were 2+, with no clo-

nus. However, she had purposeful spontaneous movements of

the bilateral extremities and was able to withdraw from painful

stimuli. Musculoskeletal examination revealed no evidence of

deformity, tenderness, erythema, warmth, or effusion of assessed

joints. She had a below-the-knee amputation of the lower left limb

with a clean and dry stump.

Laboratory and radiographic evaluation

Results of initial laboratory evaluations are shown in Table 1.
Complete blood count revealed a white blood cell (WBC) count
of 5,400/μl (75% neutrophils, 10% lymphocytes, 3% bands,
1% variant lymphs, 1% myelocytes) and new anemia and

Table 1. Laboratory testing results

Test Value Reference range

Basic laboratory
White blood count, liter 5.4 3.2–9.8 × 109

Hemoglobin, gm/dl 5.7 12–15.5
Mean corpuscular volume 89 80–98
Platelets, liter 107 150–450 × 109

Serum creatinine, mg/dl 1.3 0.4–1
Urine protein-to-creatinine ratio, mg/gm 1,441 <200
Blood urea nitrogen, mg/dl 65 7–20
Creatinine, mg/dl 2.1 0.4–1.0
Calcium, mg/dl 8.4 8.7–10.2
Aspartate aminotransferase, units/liter 24 15–41
Alanine aminotransferase, units/liter 15 14–54
Total bilirubin, mg/dl 1.5 0.4–1.5
Alkaline phosphatase, units/liter 140 24–110
Total protein, gm/dl 7.5 5.8–7.8
Albumin, gm/dl 2.5 3.5–4.8

Autoantibody and immunologic
Antinuclear antibody 1:640 (speckled pattern) <1:80
Double-stranded DNA antibody, mIU/ml 15 <100
Complement 3, mg/dl 72 86–208
Complement 4, mg/dl 12 13–47
Anticardiolipin antibody (IgM), units 21 <1
Extractable nuclear antigen antibody Negative Positive or negative

Anemia
Direct antiglobulin test (Direct Coombs’
test)

Positive for IgG3
and complement 3

Positive or negative

Warm agglutinins Positive Positive or negative
Cold agglutinins Positive Positive or negative
Lactate dehydrogenase, units/liter 381 100–200
Haptoglobin, mg/dl 161 30–200

Inflammatory markers
Erythrocyte sedimentation rate, mm/hr 14 0–15
C-reactive protein level, mg/dl 1.8 ≤0.6

Cerebrospinal fluid
Cell count, μl 1 0–5
Protein, mg/dl 31 15–50
Glucose, mg/dl 219 –

Oligoclonal bands 9 –

IgG index, mg/dl 3.3 ≤3
Other studies
Serum oligoclonal bands 9 –
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thrombocytopenia with a hemoglobin of 5.7 gm/dl and platelet
count of 107,000/μl, respectively. A peripheral blood smear
was performed and showed hypochromia, anisocytosis, and
poikilocytosis without schistocytes or spherocytes. The patient
had a mildly elevated C-reactive protein level of 1.8 mg/dl (nor-
mal level: ≤0.6 mg/dl) and ferritin level of 307 ng/ml (normal refer-
ence range: 11–204 ng/ml), with a normal erythrocyte
sedimentation rate. Haptoglobin was normal at 161 mg/dl (nor-
mal reference range: 30–200 mg/dl). Vitamin B12 was normal
at 981 pg/ml. Testing by serum protein electrophoresis demon-
strated no monoclonal bands. A protein gap of 5.0 g/dl was
noted. Her metabolic panel was normal except for an elevated
blood urea nitrogen level of 65 mg/dl and serum creatinine level
of 2.1 mg/dl. Urinalysis demonstrated 207 WBCs, 18 red blood
cells, 3+ blood, and 1+ protein, and urine culture was negative.
Proteinuria was quantified with a urine protein-to-creatinine ratio
of 1,441 mg/gm (normal ratio: <200 mg/gm).

Given that the patient had anemia, altered mental status,
and alopecia, testing for antinuclear antibodies (ANAs) was per-
formed, with a positive result showing a titer of 1:640 in a
speckled pattern. She had hypocomplementemia with low com-
plements for both complement 3 (C3) (72mg/dl) andC4 (12mg/dl).
An extractable nuclear antigen panel was negative, and results for
double-stranded DNA testing was normal. The patient also had a
mildly elevated level of anticardiolipin IgM at 21 units (normal refer-
ence range: ≤14 units), and testing for the remainder of antiphos-
pholipid antibodies was negative. Evaluation of anemia revealed
positivity on direct antiglobulin test (DAT; direct Coombs’ test) with
IgG and C3 reactivity (strongly positive; grade 3 of 4). Warm and
cold agglutinins were also detected.

Computed tomography (CT) of the head demonstrated no
space-occupying lesion or evidence of increased intracranial
pressure, and so a lumbar puncture was obtained that demon-
strated a normal cell count of 1/μl (normal reference range: 0–
5/μl) and protein level of 31 mg/dl (normal reference range: 15–
50 mg/dl). Oligoclonal bands were elevated in both the serum
and cerebrospinal fluid (CSF), although no CSF-specific oligo-
clonal bands were observed (no difference in oligoclonal bands
between CSF and serum), suggesting a systemic disorder. IgG
index was mildly elevated at 3.3 mg/dl (normal reference range:
≤3 mg/dl).

The patient underwent magnetic resonance imaging (MRI) of
the brain with and without contrast, which demonstrated no acute
infarct but presence of mild to moderate supratentorial white mat-
ter punctate T2/flair hyperintensity. This configuration can be seen
in small vessel disease as compared to vasculopathy, including
autoimmune etiology. A CT of the chest, abdomen, and pelvis as
well as a positron emission tomography (PET)/CT scan demon-
strated axillary, retroperitoneal, and inguinal lymphadenopathy.
The largest, most fluorodeoxyglucose-avid node on PET/CT scan
was a left axillary lymph node measuring 4 cm × 2.7 cm, with a
standardized uptake value maximum of 2.7.

CASE SUMMARY

A 79-year-old female patient with a history of hypertension,
hyperlipidemia, chronic diastolic congestive heart failure, periph-
eral vascular disease, meningioma status post resection, and
DVT presented with encephalopathy with auditory and visual hal-
lucinations and cognitive decline for several weeks. She had no
preceding headaches or other neurologic symptoms. Social his-
tory was negative for any substance use, incidence of tick bite,
or recent travel. Physical examination was notable for confusion
with alopecia and axillary and inguinal lymphadenopathy. Labora-
tory evaluation revealed anemia and thrombocytopenia, ANA
positivity, C3 and C4 hypocomplementemia, proteinuria, elevated
level of anticardiolipin IgM, positive DAT, and warm and cold
agglutinins.

DIFFERENTIAL DIAGNOSIS

Infection. The most common infectious agents associated
with cold agglutinin production includeMycoplasma pneumoniae
and Epstein-Barr virus (EBV) (1). Other postinfectious cold agglu-
tinins have been reported with Legionella, varicella, Citrobacter,
and influenza infection (2) as well as HIV (3). The patient did not
have fever, cough, dyspnea, hypoxia, or pulmonary opacities to
suggest mycoplasma infection, though mycoplasma antibodies
were not evaluated. Serologic testing for HIV and EBV was nega-
tive. Additionally, spontaneous bacterial endocarditis can be
associated with hypocomplementemia (from associated cryoglo-
bulin generation), though blood cultures, urine cultures, and CSF
cultures were negative for bacterial infections.

Primary autoimmune diseases

Systemic lupus erythematosus (SLE). SLE was consid-
ered in the differential given that the patient had ANA positivity,
hypocomplementemia, proteinuria, thrombocytopenia, and auto-
immune hemolytic anemia (AIHA). Generalized or diffuse lymph-
adenopathy can be a presenting feature of SLE (4). The mental
status changes observed in the patient could have been secondary
to central nervous system involvement from SLE (lupus cerebritis).
Additionally, her proteinuria level (1,400 mg/gm) raised concern
for possible lupus nephritis. AIHA occurs in ~10% of patients with
SLE and can be associated with the presence of warm or cold
agglutinins (5), or as a mixed type (6), as seen in this patient. Warm
agglutinin AIHA is the predominant type seen in SLE, which is
mediated by IgG antibodies reacting at body temperature, whereas
cold agglutinin AIHA is caused by IgM complement–fixing antibody
that reacts at a temperature of 4�C (5). While cold agglutinin AIHA
can be seen in association with SLE, it is rare with only a handful
of reported cases in the literature (7–9).
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IgG4-related disease. IgG4-related disease was also con-
sidered in the differential given that lymphadenopathy, proteinuria,
and hypocomplementemia were observed in the patient. Lymph-
adenopathy was detected in up to 41% of patients in one case
series, with most lymphadenopathy seen near the organs
affected by the IgG4-related disease (10). Hypocomplementemia
is observed most frequently in IgG4-related disease in patients
with renal involvement, such as tubulointerstitial nephritis (11).
Neurologic involvement can be seen in IgG4-related disease
including hypertrophic pachymeningitis, parenchymal disease of
the central nervous system, orbital involvement, and hypophysitis
(12,13). The most commonly observed symptom is headache.
The patient did not have imaging consistent with neurologic
involvement of IgG4-related disease or other associated features,
thus making IgG4-related disease much lower on our differential.

Antiphospholipid antibody syndrome (APS). Non-
criteria manifestations of APS include thrombocytopenia and
associated nephropathy most commonly from a thrombotic
microangiopathy (14). Thrombotic central nervous system events,
cognitive deficits, encephalopathy, or neuropsychiatric disease
including hallucinations or delusions are observed in some
patients (15). Finally, patients with primary APS can present with

hypocomplementemia (16), as was noted in the patient discussed
in the present article.

Lymphoproliferative disorders

Castleman’s disease. Multicentric Castleman’s disease
can present with diffuse lymphadenopathy and systemic inflam-
matory symptoms (17) as well as ANA positivity and autoimmune
hemolytic anemia (18), which were features present in the patient.
In a systematic literature review of idiopathic (human herpesvirus
8 [HHV-8]–negative) multicentric Castleman’s disease, 30%
of patients had positive autoantibodies or AIHA (18). Anemia or
renal dysfunction (estimated glomerular filtration rate <60 ml/minute/
1.73m2) or proteinuria (total 24-hour urine protein level of 150 mg)
are minor criteria in the consensus diagnostic criteria for HHV-8
negative idiopathic multicentric Castleman’s disease (19). Lymph
node biopsy samples in these patients revealed histopathologic
features, including abnormally regressed or hyperplastic germinal
centers, prominence of follicular dendritic cells, expanded mantle
zones, interfollicular plasmacytosis, and hypervascularization
that is often defined into a hyaline-vascular or plasmacytic
subtype (20).

Figure 1. Lymph node biopsy showing loss of normal follicular architecture, replaced by an infiltrate of small and large lymphocytes. A and B,
Lymph node sections stained with hematoxylin and eosin showed infiltrate of small and large lymphocytes replacing normal follicular architecture
with prominent proliferation of small vessels with tall endothelial lining cells (arrows). C, Small lymphocytes were almost all T cells (CD3 cells) of
follicular helper phenotype–expressing CD4 and BCL6 (not shown). D, Larger B cell immunoblasts were scattered among T cells (CD20). Original
magnification × 100 in A and C; × 200 in B and D.
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Waldenström’s macroglobulinemia. Waldenström’s
macroglobulinemia is a rare lymphoma accounting for 1–2% of
hematologic malignancies, characterized by lymphoplasmacytic
cells that generate monoclonal IgM (21). Interestingly, these
monoclonal IgM antibodies can generate cold agglutinins and
cause cold agglutinin disease (2). Individuals with this condition
can develop lymphadenopathy, anemia, and neurologic symp-
toms related to hyperviscosity (22). Cold agglutinins were present
in 5% of patients in one case series of 217 patients with Walden-
ström’s macroglobulinemia (22). Results from serum protein
electrophoresis testing were negative, which helped exclude
monoclonal gammopathy and Waldenström’s macroglobuline-
mia as contributing to the patient’s condition.

Lymphoma. B cell and T cell lymphomas may be associ-
ated with immunologic activation and hypocomplementemia.
Cold agglutinin disease is associated with B cell lymphomas and
lymphoproliferative disorders (2). These diseases were a consid-
eration in the differential given the age of the patient and the pres-
ence of lymphadenopathy in the patient profile.

CLINICAL COURSE

The patient underwent an excisional lymph node biopsy of
the largest, most FDG-avid axillary lymph node as well as a bone
marrow biopsy. Histopathologic evaluation of the lymph node
demonstrated loss of normal follicular architecture, replaced by
an infiltrate of small and large lymphocytes with scattered larger
B cell immunoblasts (Figure 1). The small lymphocytes observed
were almost all follicular helper T cells expressing CD4, CD10,
and Bcl-6. Immunohistochemical staining for CD34 highlighted
the endothelium of increased blood vessels. The presence of fol-
licular helper T cells, B cell immunoblasts, and vascular prolifera-
tion in conjunction with the clinical presentation of the patient led
to a diagnosis of angioimmunoblastic T cell lymphoma (AITL).

Given the poor functional status of the patient, she was
treated with cyclosporine over other conventional chemotherapy.
She received 125 mg of methylprednisolone intravenously every
6 hours to treat hemolytic anemia. Unfortunately, she developed
acute hypoxic respiratory failure secondary to sepsis requiring intu-
bation and vasopressor support in the intensive care unit. Her fam-
ily elected to transition the patient to comfort care measures, and
she ultimately died, one month after her initial presentation.

DISCUSSION

AITL was first described in the 1970s as a clinical entity char-
acterized by lymphadenopathy, hepatosplenomegaly, anemia,
and hypergammaglobulinemia (23). It is now a well-recognized
subtype of peripheral T cell lymphoma, representing 1–2% of all
cases of non-Hodgkin lymphoma (24). The incidence of AITL is

quite low, with 0.05 new cases per 100,000 in the US (25), or
5 cases per 10,000,000.

AITL commonly presents in the sixth and seventh decade of
life (23) with a slight predominance for the female sex (male-to-
female ratio of 1:3 [25]). The most common symptoms and phys-
ical findings include B symptoms (fevers, unintentional weight
loss, and/or night sweats) and lymphadenopathy (24), but AITL
can also present with pruritis, skin rash, pleural effusions, and
arthritis (26).

Histopathologic evaluation of a lymph node is critical the
diagnosis of AITL. In AITL, the neoplastic T cells are positive for
CD2, CD3, CD4, CD10, CXCL-13, PD-1, and often Bcl-6 (25).
Positivity for Bcl-6, CD10, and PD-1 noted in the patient dis-
cussed in the present article are all markers of follicular helper T
cells. The presence of follicular helper T cells, activated B cells
seen as B immunoblasts, and vascular proliferation in the lymph
node in conjunction with the clinical presentation of the patient
led to the diagnosis of AITL.

Compared to other lymphomas, there is substantial immune
activation in the lymph nodes and peripheral blood of patients with
AITL (23). Increased levels of serum soluble interleukin-2 (IL-2)
receptor and cytokines including tumor necrosis factor, lympho-
toxin, IL-1β, IL-2, IL-4, IL-6, IL-13, and interferon-γ have been
demonstrated in these patients (23). A variety of circulating auto-
antibodies and immunologic phenomena are reported in patients
with AITL, including positive Coomb’s test, cold agglutinins,
cryoglobulins, circulating immune complexes, ANAs, rheumatoid
factors, and anti–smooth muscle antibodies (23,25,26). In
addition to serologic presence of autoantibodies, various clinical
autoimmune phenomena have been reported in association with
AITL, including autoimmune hemolytic anemia, vasculitis (27),
polyarthritis mimicking rheumatoid arthritis (28,29), and autoim-
mune thyroid disease (26).

Etiology of the altered mental status of the patient is unclear,
but most likely related to AITL. There were some subtle findings of
supratentorial white matter punctate T2/flair hyperintensity on
MRI, which raised concern for the possibility of a vasculopathy.
CSF findings did not demonstrate pleocytosis, and flow cytome-
try showed no discrete population of phenotypically abnormal
T cells. While not common, neurologic symptoms have been
reported in AITL. In one case series, 8 (10%) of 77 patients had
neurologic symptoms at presentation, and 2 of these patients
had tumor cells in the CSF (30).

Interestingly, the patient had a clinical presentation that could
easily be mistaken for SLE given that the patient’s profile included
ANA positivity, autoimmune hemolytic anemia, thrombocytope-
nia, hypocomplementemia, proteinuria, and lymphadenopathy.
The older age of the patient would be highly unusual for initial
onset of SLE, which raised our suspicion for alternative diagno-
ses. While the 2019 European Alliance of Associations for Rheu-
matology/American College of Rheumatology classification
criteria for SLE are not intended to be used for diagnostic
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purposes, interestingly, this patient would score 16 on clinical and
immunologic domains (4 for thrombocytopenia, 2 for alopecia,
4 for proteinuria [>0.5 gm/24 hour], 4 for hypocomplementemia),
which technically fulfils classification criteria for SLE. Thus, AITL
should be considered on the differential diagnosis in an older
patient with features concerning for SLE who also have weight
loss, constitutional symptoms, and/or lymphadenopathy.

A critical finding in this patient was the presence of cold
agglutinins, which helped narrow the differential. Cold agglutinins
are associated with autoimmune conditions, lymphoproliferative
malignancies, and infections (includingMycoplasma pneumoniae,
EBV, and HIV) (3). However, autoimmune diseases are more
commonly associated with warm autoantibodies (1), and thus it
is important to consider alternative nonrheumatic diseases in the
differential in patients with cold agglutinins. The patient discussed
in this article had a unique presentation with the presence of con-
comitant warm and cold autoantibody–mediated hemolytic
anemia, or mixed AIHA. Mixed AIHA has been reported in autoim-
mune disorders such as SLE (6), Sjögren’s syndrome (31), and
relapsing polychondritis (32) as well as in AITL (33). The older
age of the patient and the presence of cold agglutinins raised
our concern for a malignant process over SLE and prompted
additional evaluation, including the lymph node biopsy, ultimately
revealing the diagnosis.

An analysis of the International Peripheral T-cell Lymphoma
Project reviewed clinical characteristics of 243 patients with AITL,
with anemia noted in 33% of patients, thrombocytopenia (platelet
count of <150,000/μl) in 25%, hemolytic anemia in 13%, elevated
level of lactate dehydrogenase in 60%, and hypergammaglobulin-
emia in 30% (25). The paraproteinemia observed in AITL is often a
polyclonal gammopathy (24). Hypereosinophilia can be seen in
around one-third of cases, and nearly 70% of patients with AITL
will have bone marrow involvement (24).

Although renal involvement is rare in AITL, there are case
reports in the literature of AITL associated with nephrotic syndrome
(34,35), membranous nephropathy (36), and IgA nephropathy (37).
We suspect that the proteinuria (1,441 mg/gm) and AKI observed
in the patient were likely related to the immunologic effects of AITL.
Ultimately, a renal biopsy was not performed, given that the patient’s
diagnosis was revealed by lymph node biopsy first, and thus, we
could not definitively determine the cause of her proteinuria.

Interestingly, despite the profound immune activation that is
seen in these cells, functional studies on T cells from lymph nodes
and the peripheral blood of AITL patients show defective T cell
responses (23) that contribute to an underlying immunodefi-
ciency. In fact, the majority of patients die from infectious compli-
cations rather than tumor load, and it is hypothesized that this
immunodeficiency contributes significantly to AITL-associated
mortality (23). Reduction of absolute number of circulating T cells,
inversion of the CD4/CD8 ratio, and defective T cell responses
have all been reported in these patients (23). The hospital course
of the patient was complicated by multiple infections, including

vancomycin-resistant Enterococcus urinary tract infection, cyto-
megalovirus viremia, methicillin-resistant Staphylococcus aureus
pneumonia, and Aspergillus infection that may be related to
AITL-associated immunodeficiency.

Unfortunately, outcomes for AITL are poor with median survival
of less than 36 months and 5-year survival of ~30–35% (25,26).
Current treatment for AITL consists of an aggressive chemotherapy
regimen such as EPOCH (etoposide, prednisone, vincristine, cyclo-
phosphamide, and doxorubicin) or CHOEP (cyclophosphamide,
doxorubicin, vincristine, etoposide, and prednisone) for medically
qualified patients. However, for patients with poor functional status,
as was the case with the patient discussed in the present article,
cyclosporine A may also be used in the treatment of AITL (23).

FINAL DIAGNOSIS

Angioimmunoblastic T cell lymphoma.
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Impact of Distinct Therapies on Antibody Response
to SARS-CoV-2 Vaccine in Systemic Lupus Erythematosus

Emily F. N. Yuki, Eduardo F. Borba, Sandra G. Pasoto, Luciana P. Seguro, Michelle Lopes, Carla G. S. Saad,
Ana Cristina Medeiros-Ribeiro, Clovis A. Silva, Danieli C. O. de Andrade, Leonard de Vinci K. Kupa,
Lorena Betancourt, Isabela Bertoglio, Juliana Valim, Camilla Hoff, Francisco F. C. Formiga, Tatiana Pedrosa,
Esper G. Kallas, Nadia E. Aikawa, and Eloisa Bonfa

Objective. To date, the only study that has assessed the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2
mRNA) vaccine in systemic lupus erythematosus (SLE) observed a moderate response, but the sample size precluded an
accurate analysis of the effect of individual drugs. Therefore, we evaluated the immunogenicity of an inactivated SARS-
CoV-2 vaccine (Sinovac-CoronaVac) and the influence of different medications in SLE. Safety was also assessed.

Methods. We conducted a prospective controlled study of 232 SARS-CoV-2–naive SLE patients and 58 SARS-CoV-
2–naive controls whowere vaccinatedwith 2 doses of Sinovac-CoronaVacwith a 28-day interval (day 0/day 28 [D0/D28]).
Immunogenicity analysis at D0/D28 and D69 included anti-SARS-CoV-2 S1/S2 IgG seroconversion (SC) and neutralizing
antibodies (NAb) positivity. The influence of individual drugs on immune response and safety was assessed.

Results. Patients and controls were well balanced for age (P = 0.771). At D69, SLE patients showed a moderate SC
(70.2% versus 98.1%; P < 0.001) and moderate frequency of NAb positivity (61.5% versus 84.6%; P = 0.002),
although both frequencies were lower than in controls. Factors associated with lower SC in univariate analysis at D69
were prednisone use (odds ratio [OR] 0.215 [95% confidence interval (95% CI) 0.108–0.427], P < 0.001) and mycophe-
nolate mofetil (MMF) use (OR 0.201 [95% CI 0.107–0.378], P < 0.001), whereas hydroxychloroquine (HCQ) use led to a
2.5 increase in SC (P = 0.011). SLE patients who were receiving HCQ monotherapy had similar SC to controls at D69
(100% versus 98.1%; P = 1.000). In multivariate analysis, prednisone and MMF use were independently associated
with lower SC (P < 0.001) and NAb positivity (P < 0.001). Safety analysis revealed no moderate/severe adverse events.

Conclusion. Sinovac-CoronaVac has a moderate immunogenicity in SARS-CoV-2–naive SLE patients with an
excellent safety profile. We further demonstrate that HCQmay improve SC, whereas prednisone and MMF had a major
deleterious effect in vaccine response, reinforcing the need to investigate the role of temporary MMF withdrawal or a
vaccine-booster dose (ClinicalTrials.gov identifier: NCT04754698).

INTRODUCTION

The impact of COVID-19 in patients with autoimmune rheu-

matic diseases (ARDs) during the severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) pandemic remains a major

concern, especially in systemic lupus erythematosus (SLE). Data

are still controversial, with some studies showing that the number

of organs involved, disease activity, and ARD itself are associated

with COVID-19 poor outcome (1–3). In contrast, other studies

have not confirmed this worse prognosis and have even sug-

gested a lower risk of developing severe COVID-19 in these

patients (4,5). A possible explanation for these discrepancies is
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the overall ARD analysis, which may not be accurate in discrimi-

nating the effect of an individual ARD and its respective therapy in

immune response (6). Reinforcing this finding, 1 study found twice

the odds of hospitalization for COVID-19 in ARD patients using

prednisone ≥10 mg/day, leading to higher admission rates in SLE

patients (56%) (7), which was similar to the rate found in a larger

sample SLE cohort (58%) (8).
In line with this hypothesis, we have previously demon-

strated, in a large study of 1,668 patients with distinct ARD and
their respective therapies, that these parameters differentially
affected H1N1 vaccine response (9). Indeed, overall seroconver-
sion (SC) rates for H1N1 vaccine were diminished in ARD patients
(63.4%), including SLE, rheumatoid arthritis (RA), and psoriatic
arthritis, whereas for systemic sclerosis, primary antiphospholipid
syndrome, and primary Sjögren’s syndrome, SC rates were com-
parable to the healthy control group (9). Regarding therapy, the
analysis of 555 SLE patients who were undergoing different ther-
apeutic regimens clearly identified that H1N1 vaccine response
was reduced in those being treated with prednisone and immu-
nosuppressive drugs, but the use of antimalarials seemed to
improve vaccine immunogenicity (10).

There are, however, scarce studies that have evaluated
SARS-CoV-2 vaccine response in SLE, mainly with mRNA vac-
cines, andmost studies have included a small representation of this
disease, precluding a subgroup analysis of the potential deleterious
effect of therapy (11–15). A multicenter observational study of
immune response and safety of the 2-dose regimen BNT162b2
mRNA vaccine, which included a large sample of 101 SLE patients,
showed a seropositivity rate in this disease subgroup comparable
to a nonbalanced, but age-adjusted control group (16). This study
by Furer et al observed that, in the overall 686 patients with several
ARDs, glucocorticoids, mycophenolate mofetil (MMF), rituximab,
and abatacept were associated with reduced IgG response. No
data are provided about the effect of the different drugs for each

individual ARD. A recent study by Izmirly et al that focused
exclusively on SLE patients evaluated immunogenicity after immu-
nization with 3 different vaccines (2 mRNA and 1 adenovirus
vaccines) compared to controls and reported a diminished vaccine
response, but the sample size precluded a definitive conclusion
regarding the influence of different therapies (17). Another study,
by Simon et al, compared 64 SLE patients to 73 RA patients
(without a healthy control group) and observed a global 77%
response to the mRNA vaccine without a distinction between the
2 diseases. Rituximab was identified as the only drug associated
with a pronounced reduction in immunogenicity (11).

The SARS-CoV-2 inactivated vaccine (Sinovac-CoronaVac)
is accounted for in ~36% of all vaccinated subjects in Brazil. A
recent cohort report from Chile that included 10.2 million people
vaccinated with Sinovac-CoronaVac observed a significant
impact in prevention of COVID-19–related hospitalization
(87.5%), intensive care unit (ICU) admission (90.3%), and death
(86.3%) (18). Recently, our group performed a phase 4 prospec-
tive controlled study with 910 SARS-CoV-2 seronegative ARD
patients who received 2 doses of Sinovac-CoronaVac (19). A
global moderate SC (70.4%) was observed in these patients
(lower than in the control group [95.5%]), with a parallel decrease
in symptomatic cases in the next 40 days after full vaccination.
Prednisone, methotrexate, MMF, anti–tumor necrosis factor
inhibitors, and abatacept were associated with the lower SC rates
in the ARD patients overall. But the unbalanced distribution of dis-
ease and patient therapy does not allow for a precise identification
of the effect of these factors in a specific disease subgroup (19). In
addition, data on the possible influence of disease activity in
vaccine-induced antibody response were not reported.

Therefore, the aim of the present study was to prospectively
evaluate immunogenicity (anti-SARS-CoV-2 IgG and neutralizing
antibodies [NAb]) to the Sinovac-CoronaVac vaccine in SARS-
CoV-2 seronegative (naive) SLE patients compared to a control
group and to determine the possible influence of different drugs
in vaccine antibody production. Safety was also assessed.

PATIENTS AND METHODS

Study design. This prospective controlled trial is part of a
larger phase IV study (CoronavRheum; ClinicalTrials.gov identifier:
NCT04754698) that assessed immunogenicity and safety of the
Sinovac-CoronaVac COVID-19 vaccine in a large sample of ARD
patients (19), and it was conducted at a single tertiary center in
Brazil. Data were collected and managed using REDCap elec-
tronic data capture tools hosted at our institution (20,21).

Participants. Consecutive SLE patients who fulfilled the
Systemic Lupus International Collaborating Clinic (SLICC) classifi-
cation criteria for SLE (22), were age ≥18 years and who were fol-
lowed up at the outpatient SLE clinics (Hospital das Clinicas

SIGNIFICANCE & INNOVATIONS
• This large prospective control study focusing on

SARS-CoV-2–naive systemic lupus erythematosus
(SLE) patients’ response to inactivated SARS-CoV-2
vaccine immunogenicity revealed a moderate anti-
body production, comparable to the immunoge-
nicity reported for the mRNA/adenovirus vaccine,
despite the high frequency of immunosuppression
in this tertiary cohort.

• This is the first demonstration that mycophenolate
mofetil and prednisone induce ~70–80% reduction
in immunogenicity, reinforcing the need for novel
strategies to improve vaccine-induced antibody
production in this subgroup of SLE patients.

• Antimalarials seem to substantially increase the
seroconversion, even in lupus patients with multi-
ple drug therapy.
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HCFMUSP, Universidade de Sao Paulo) were invited to
participate.

Subsequently, themaintenance/administrative hospital workers
and their relatives were invited to comprise an age- (up to 5 years dif-
ference) and sex-balanced control group (1 control: 4 patients).
None of the controls were previously immunized in the hospital’s
COVID-19 campaign. ARD diagnosis, use of immunosuppressors,
or HIV infection were exclusion criteria for the control group, though
other well-controlled diseases were allowed in the group. None of
the patients included withdrew medications to increase vaccine
immunogenicity.

The following exclusion criteria were applicable for all partici-
pants: acute febrile malady or symptoms suggestive of COVID-19
at baseline, previous anaphylactic response to vaccine compo-
nents, demyelinating disease, severe heart failure (class III or IV),
history of having received blood transfusion ≤6 months before
study entry (to avoid false positive anti-SARS-CoV-2 antibodies),
inactivated virus vaccine ≤14 days before, history of live virus vac-
cine ≤4 weeks before, not consenting to participate in the study,
hospitalized patients, prior immunization with any SARS-CoV-2
vaccine, and pre-vaccination positive COVID-19 serology
(anti-S1/S2 IgG) and/or NAb (for immunogenicity analysis).
The protocol was approved by the National and Institutional
Ethical Committee of Hospital das Clinicas HCFMUSP (no CAAE:
42566621.0.0000.0068). All participants agreed to a signed
informed consent form before enrollment.

Vaccination protocol. The vaccination protocol for all par-
ticipants included 2 doses of ready-to-use syringes loaded with
the Sinovac-CoronaVac vaccine (Sinovac Life Sciences, batch
#20200412), which consisted of 3 μg in 0.5 ml of β-propiolactone
inactivated SARS-CoV-2 (resultant from the CN02 strain of
SARS-CoV-2 grown in African green monkey kidney cells [Vero
25 cells]) with aluminum hydroxide as an adjuvant, applied in the
deltoid muscle. The first vaccine dose was applied on February
9–10, 2021 (day 0 [D0]) and the second on March 9–10,
2021 (D28). After having the first vaccine dose, subjects
with RT-PCR–confirmed COVID-19 were excluded from the
immunogenicity analysis but remained in the safety evaluation.

Samples for immunogenicity evaluation. Blood sam-
ples (20 ml) were obtained from all participants at days D0 (base-
line, before first vaccine injection), D28 (before second vaccine
injection), and on D69 (April 19, 2021) (6 weeks after the last
dose). Sera were stored in a –70�C freezer.

Anti-SARS-CoV-2 S1/S2 IgG antibodies. Analysis of anti-
SARS-CoV-2 S1/S2 IgG antibodies was performed as described
previously (17), including only SARS-CoV-2–naive participants.
The SC rate was measured by positive serology (≥15.0 UA/ml)
after vaccination. Geometric mean titers (GMTs) and 95% confi-
dence intervals (95% CIs) of these antibodies were also

determined at all time points, attributing the value of 1.9 UA/ml
(half of the lower limit of quantification 3.8 UA/ml) to above lower
levels (<3.8 UA/ml). The factor increase in GMTs is the ratio of
the GMTs after immunization to the GMTs before immunization,
which identified the increase in titers.

SARS-CoV-2 cPass virus-NAb. The evaluation of NAb
were performed as described previously (19), including only in
SARS-CoV-2–naive participants. The samples were cataloged
as positive (inhibition ≥30%) or negative (inhibition <30%) accord-
ing to the manufacturer’s instructions (23). The frequency of sero-
positivity was recorded at all time points. Median values and
interquartile ranges of the percentage of neutralizing activity were
only measured for seropositive samples at all time points.

Vaccine adverse events (AEs) and incident cases of
COVID-19. AEs were carefully followed throughout the study. In
addition, an independent data safety monitoring board reviewed
and evaluated the study protocol. Patients with SLE and controls
were advised to report any side effects of the vaccine. On D0 (first
dose) and on D28 (second dose), all participants received bro-
chures to record local and systemic manifestations. AE severity
was classified according to World Health Organization cri-
teria (24).

In addition, to assess incident COVID-19 cases (exploratory
outcome), all subjects were instructed to notify any symptom
associated or not associated with COVID-19 (by telephone,
smartphone instant messaging, or email). Suspected cases of
COVID-19 were told to seek initial medical care in a local neigh-
borhood and, if necessary, come to our institution for an in-
person visit to collect SARS-CoV-2 RT-PCR in nasopharyngeal
and oropharyngeal swabs using a laboratory-developed test
(25). If tertiary care was required, participants were transferred to
a referenced hospital. The standardized brochure of AE was rigor-
ously revised with each participant on the day of the second dose
(D28) and at the final visit (D69).

Disease assessment. The SLE Disease Activity Index
2000 (SLEDAI-2K) score (26) was retrospectively evaluated within
30 days before baseline (D0) and until 3 months after the second
vaccine dose (D28), excluding those who developed COVID-19
during the study. Cumulative SLE manifestations were systemati-
cally evaluated, including cutaneous, articular, renal, hematologic,
serositis, and neuropsychiatric manifestations, according to Sys-
temic Lupus International Collaborating Clinics (SLICC) criteria
(22). At entry, cumulative damage was also recorded and scored
using the SLICC /American College of Rheumatology Damage
Index (SDI) (27).

Statistical analysis. The sample size calculation was
based on the previous 21% reduction of SC rate after primo
immunization with the 2009 non-adjuvanted influenza A/H1N1
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vaccine in a large cohort of SLE patients (10). Expecting SC rates
of 59% in the SLE patient cohort and 80% in the control group,
considering α = 5% and power of 80%, with a 4:1 ratio in order
to include more SLE patients, the minimum sample required
would be 192 patients with SLE and 48 healthy age- and sex-
balanced controls. Expecting a higher SC rate of 98% for this vac-
cine (28), such a sample size had a power of >99% to detect a
21% reduction in SC of patients with SLE. Due to the peak of
the ongoing pandemic in Brazil during the immunization period,
we invited more patients and controls, as we expected a high inci-
dence of previously infected people and a high rate of COVID-19
during the study.

Categorical variables are shown as number (%) and com-
pared using the chi-square or Fisher’s exact tests, as appropriate.
Only for patients with SLE, multivariate logistic regression analy-
ses were performed using SC or presence of NAb at D69 (primary

end points) as dependent variables and as independent variables
those with P < 0.2 in each univariate analysis.

Continuous general data are shown as medians (interquartile
ranges) and compared using the Mann-Whitney test for inter-
group comparisons and Wilcoxon’s signed rank test for before
and after comparisons in the same group. Continuous data
regarding anti-S1/S2 serology titers are shown as geometric
mean (95% CI); their comparisons were performed using
repeated measures analysis of variance, with 2 factors (2 groups
[SLE and the control group] at 3 time points [D0, D28, and D69])
followed by Bonferroni’s multiple comparisons in neperian loga-
rithm (ln)-transformed data.

Statistical significance was defined as P < 0.05. All statistical
analyses were performed using the Statistical Package for the
Social Sciences, version 20.0 (IBM SPSS for Windows, ver-
sion 20.0).

Table 1. Baseline characteristics of SLE patients and controls*

SLE patients (n = 232) Controls (n = 58) P

Demographic data
Current age, median (IQR) years 40.5 (18–73) 41.5 (22–74) 0.771
Age at diagnosis, median (IQR) years 26 (7–62) – –

Disease duration, median (IQR) years 13 (1–54) – –

Female sex 208 (89.7) 52 (89.7) >0.999
White race 97 (41.8) 31 (53.4) 0.110

Comorbidities 130 (56.0) 20 (34.5) 0.003
Pulmonary arterial hypertension 102 (44.0) 11 (19.0) <0.001
Diabetes mellitus 10 (4.3) 4 (6.9) 0.490
Dyslipidemia 29 (12.5) 4 (6.9) 0.354
Obesity (BMI ≥30 kg/m2) 70 (30.2) 19 (32.8) 0.703
Chronic cardiomyopathy 10 (4.3) 0 0.220
Chronic renal disease 4 (1.7) 0 0.587
Current smoking 13 (5.6) 6 (10.3) 0.192
Chronic obstructive pulmonary disease 0 0 >0.999
Asthma 5 (2.2) 1 (1.7) >0.999
Interstitial lung disease 2 (0.9) 0 >0.999
Pulmonary hypertension 4 (1.7) 0 0.587
Hematologic disease 1 (0.4) 0 >0.999
Hepatic disease 2 (0.9) 0 >0.999
Current cancer 1 (0.4) 0 >0.999
Stroke 10 (4.3) 0 0.220
Current tuberculosis 0 0 –

HIV 0 0 –

Current therapies
Hydroxychloroquine 187 (80.6) – –

Prednisone 126 (54.3) – –

Prednisone dose, median (IQR) mg/day 5 (0.5–60) – –

Prednisone ≥ 10 mg/day 48 (20.7) – –

Immunosuppressive drugs 173 (74.6) – –

Mycophenolate mofetil 73 (31.5) – –

Dose, median (IQR) mg/day 2 (0.5–3) – –

Azathioprine 62 (26.7) – –

Methotrexate 25 (10.8) – –

Calcineurin inhibitor 11 (4.7) – –

Cyclophosphamide 6 (2.6) – –

Leflunomide 3 (1.3) – –

Belimumab 32 (13.8) – –

* Values are the no. (%) except where indicated otherwise. BMI = body mass index; IQR = interquartile range;
SLE = systemic lupus erythematosus.
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RESULTS

Participants. A total of 262 consecutive SLE patients were
invited to participate in the study, but 30 were excluded because
of acute febrile illness at baseline (n = 5), history of demyelinating
disease (n = 1), previous vaccination with any SARS-CoV-2
vaccine (n = 4), <2 weeks from another inactivated vaccine
(n = 1), not wanting to participate in the study (n = 16), and hospi-
talizations (n = 3). Finally, 232 consecutive SLE patients and
58 age- and sex-matched controls were included and received
2 doses of the Sinovac-CoronaVac vaccine (Table 1).

Patients with SLE had a median disease duration of 13 years
(IQR 1–54 years). The cumulative frequency of SLE manifestations
included 80.2% cutaneous, 84.5% articular, 66.8% hematologic,
59.1% renal, 33.2% serositis, and 15.5% neuropsychiatric involve-
ments. At baseline, 109 of 232 SLE patients (43.9%) had disease

activity evaluation available within the last 1 month, with a median

SLEDAI-2K score of 2 (range 0–19), and 20 of 109 SLE patients

(18.3%) had scores ≥6. The median SDI score at baseline was

0 (range 0–6). Comorbidities were more often observed in patients

with SLE (P = 0.003), mainly due to the high frequency of arterial

hypertension (44% versus 19%; P < 0.001). A total of 187 SLE

patients were taking hydroxychloroquine (HCQ) (80.6%), 54.3%

were using prednisone with a median daily dose of 5 mg/day (IQR

0.5–60 mg/day), and 74.6% were taking immunosuppressive

agents, with MMF being the most frequently used drug (31.5%),

followed by azathioprine (26.7%) and methotrexate (10.8%). There

was no patient receiving treatment with rituximab, and 32 (13.8%)

were receiving belimumab (Table 1).

Immunogenicity assessment. For the immunogenicity
outcome, we excluded 11 participants (9 SLE patients and 2 con-
trols) with RT-PCR–confirmed COVID-19 after either the first or
the second dose until D69, 2 participants (1 SLE patient and
1 control) for whom IgG serology was not collected at D69, and
5 participants (3 SLE patients and 2 controls) who were not tested
for NAb at D69. Moreover, 7 SLE patients and 2 controls had pre-
vaccination positive COVID-19 IgG serology and/or NAb positivity
and were also excluded.

The immune response of the remaining 215 patients with
SLE and 53 controls, who were all SARS-CoV-2–naive for anti-
SARS-CoV-2 S1/S2 IgG antibodies and NAb, are shown in
Tables 2 and 3. Analysis of SARS-CoV-2 S1/S2 IgG response
revealed that 6 weeks after the second vaccine dose (D69), SC
rates in SLE patients were moderate but lower than in controls
(70.2% versus 98.1%; P < 0.001). GMTs (29.6 [24.8–35.4]

Table 2. Seroconversion rates and anti-SARS-CoV-2 S1/S2 IgG titers before and after the first and the second dose of CoronaVac vaccination
in SLE patients and controls*

Before
vaccine
1st dose After vaccine 1st dose (D28) After vaccine 2nd dose (D69)

GMTs
SC,

no. (%)† GMTs FI-GMTs
SC,

no. (%) GMTs FI-GMT

SLE patients (n = 215) 2.4 (2.2–2.6) 57 (26.5) 6.5 (5.5–7.7) 2.7 (2.3–3.2) 151 (70.2) 29.6 (24.8–35.4) 12.4 (10.3–14.8)
Controls (n = 53) 2.4 (2.1–2.8) 24 (45.2) 13.3 (9.3–19.0) 5.5 (4.1–7.3) 52 (98.1) 77.0 (64.5–91.8) 31.7 (26.1–38.7)
P (SLE patients versus
controls)

>0.999 0.012‡ <0.001‡ <0.001‡ <0.001‡ <0.001‡ <0.001‡

P (time points for SLE
patients and controls)§

<0.001‡ <0.001‡ <0.001‡

* Values are the mean (95% confidence interval) except where indicated otherwise. Throughout the study period, the 2 groups had different
dynamics of neperian logarithm (ln)–transformed geometric mean titers (GMTs; AU/ml) (P < 0.001 for interaction). FI-GMT = factor increase
of GMTs; SLE = systemic lupus erythematosus.
† Seroconversion (SC) was defined as post-vaccination titer ≥15 AU/ml (indirect enzyme-linked immunosorbent assay [LIAISON], SARS-CoV-2
S1/S2 IgG [DiaSorin]).
‡ Statistically significant.
§ P time points included longitudinal comparisons of GMT for SLE patients and controls at day 28 (D28) andD69 versus baseline and at D69 versus D28.

Table 3. Frequency of neutralizing antibodies and median percentage of neutralizing activity in positive cases, after the first and second dose of
CoronaVac vaccination in SLE patients and controls*

After vaccine 1st dose After vaccine 2nd dose

Subjects with
positive NAb

Neutralizing activity (%),
median (IQR)

Subjects with
positive NAb

Neutralizing activity (%),
median (IQR)

SLE patients (n = 213) 58 (27.2) 52.1 (38.1–71.4) 131 (61.5) 56.2 (41.3–77.2)
Controls (n = 52) 19 (36.5) 43.7 (37.6–77.4) 44 (84.6) 65.9 (48.2–79.6)
P (SLE patients × controls) 0.232 0.786 0.002 0.132

* Values are the no. (%) except where indicated otherwise. Positivity for neutralizing antibodies (NAb) defined as a neutralizing activity ≥30%
(cPass sVNT Kit [GenScript]). IQR = interquartile range; SLE = systemic lupus erythematosus.
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versus 77.0 [64.5–91.8]; P < 0.001) were also significantly lower
in patients with SLE compared to controls (Table 2).

After the first dose (D28), only one-fourth of SLE patients and
45.2% of controls developed anti-SARS-CoV-2 IgG antibodies,
with lower titers in SLE patients compared to controls (6.5 versus
13.3; P < 0.001) (Table 2). Further analysis using Bonferroni’s
multiple comparison revealed that the mean behavior of the ln-
transformed IgG titers was reduced on D28 compared to D69 in
the SLE patient and control groups (P < 0.001). Mean IgG titers
were similar at D0 in both groups (P > 0.999) and increased at
each time point for SLE patients and controls (P < 0.001) (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24824/
abstract).

Evaluation of the dynamics of NAb detection showed that,
after the first dose (D28), a minority of participants had positive
antibodies, and SLE patients had similar frequencies (27.2% ver-
sus 36.5%; P = 0.232) and similar median (IQR) activity (52.1%
[38.1–71.4%] versus 43.7% [37.6–77.4%]; P = 0.786]) com-
pared with controls (Table 3). At D69, neutralizing activity (56.2%
versus 65.9%; P = 0.132) was similar between groups, and a
moderate but lower NAb positivity was observed in SLE patients
compared to controls (61.5% versus 84.6%; P = 0.002).

Factors associated with reduced immunogenicity
among SLE patients. SLE patients who were receiving HCQ
monotherapy showed similar SC rates compared to controls at
D28 (46.0% versus 45.2%; P = 0.942) and D69 (100% versus

98.1%; P = 1.000). Table 4 shows the odds ratio (OR) for SC
according to demographic data, SLEDAI-2K score, and current
treatment. HCQ use had an OR of 2.476 (95% CI 1.228–4.993;
P = 0.011) in favor of SC (Table 4). Of note, the association
of HCQ to the immunosuppressive drugs + glucocorticoid combi-
nation provided an OR of 2.1 (95% CI 0.911–5.107; P = 0.081)
of SC, comparing with SLE patients with the same drug com-
bination but without HCQ association. Conversely, the use
of immunosuppressive drugs had an OR of 0.03 (95% CI
0.004–0.224; P < 0.001) for SC, with use of MMF and prednisone
decreasing the SC rate in ~80% of SLE patients (OR 0.201
[95% CI 0.107–0.378], P < 0.001 and OR 0.215 [95% CI
0.108–0.427], P < 0.001, respectively). Additionally, the median
baseline SLEDAI-2K score of >4 was not statistically associated
with lower SC (P = 0.400). Multivariate logistic regression analy-
sis was performed using SC at D69 as the dependent variable
and as independent variables those with P < 0.2 in the univariate
analysis. Current age (OR 0.95 [95% CI 0.92–0.98], P = 0.004),
prednisone use (OR 0.195 [95% CI 0.09–0.42], P < 0.001), and
MMF use (OR 0.15 [95% CI 0.07–0.32], P < 0.001) were
independently associated with the absence of SC in SLE
patients.

Further analysis of factors associated with negative NAb in
SLE after full vaccination (D69) showed that prednisone
(OR 0.301 [95% CI 0.165–0.546], P < 0.001) and immunosup-
pressants use (OR 0.252 [95% CI 0.115–0.552], P < 0.001), par-
ticularly MMF (OR 0.361 [95% CI 0.199–0.656], P < 0.001),
resulted in 70% lower chance of NAb positivity. Multivariate analysis

Table 4. Odds ratio for seroconversion according to current treatment in SLE patients*

Anti-SARS-CoV-2 S1/S2 IgG SC Neutralizing antibodies

OR 95% CI P OR 95% CI P

Demographic data
Current age >60 years 0.455 0.158–1.315 0.146 0.934 0.320–2.730 0.901
Female sex 1.036 0.405–2.654 0.941 1.870 0.784–4.462 0.158
White race 1.117 0.615–2.030 0.717 1.131 0.644–1.986 0.669

SLEDAI-2K score >4, (n = 80)† 0.656 0.246–1.751 0.400 0.863 0.337–2.210 0.759
Current therapies
Hydroxychloroquine 2.476 1.228–4.993 0.011‡ 1.690 0.850–3.359 0.135
Prednisone 0.215 0.108–0.427 <0.001‡ 0.301 0.165–0.546 <0.001‡
Prednisone ≥10mg/day 0.458 0.233–0.900 0.024‡ 0.685 0.354–1.326 0.262
Immunosuppressive drugs 0.030 0.004–0.224 <0.001‡ 0.252 0.115–0.552 <0.001‡
Mycophenolate mofetil 0.201 0.107–0.378 <0.001‡ 0.361 0.199–0.656 <0.001‡
Azathioprine 1.156 0.592–2.256 0.671 1.355 0.717–2.561 0.350
Methotrexate 0.830 0.336–2.049 0.686 0.711 0.302–1.672 0.435
Calcineurin inhibitor 0.729 0.206–2.583 0.489 1.101 0.312–3.884 0.881
Cyclophosphamide 2.158 0.247–18.845 0.695 1.260 0.226–7.038 0.792
Leflunomide 0.207 0.018–2.321 0.201 0.086 0.004–1.694 0.107
Belimumab 0.498 0.226–1.098 0.084 0.494 0.227–1.075 0.075

* Positivity for neutralizing antibodies defined as a neutralizing activity ≥30% (cPass sVNT Kit [GenScript]). Serocon-
version (SC) defined as a positive serology (IgG titer ≥15 AU/ml) for anti-SARS-CoV-2 S1/S2 IgG antibodies after vac-
cination (indirect enzyme-linked immunosorbent assay [LIAISON], SARS-CoV-2 S1/S2 IgG [DiaSorin]). 95% CI = 95%
confidence interval; OR = odds ratio; SLE = systemic lupus erythematosus.
† SLE Disease Activity Index 2000 (SLEDAI-2K) score in the last 30 days.
‡ Statistically significant.
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confirmed prednisone use (OR 0.38 [95% CI 0.20–0.73],
P = 0.004) and MMF use (OR 0.37 [95% CI 0.20–0.70],
P = 0.002) as independent variables associated with the
absence of NAb in SLE patients.

Vaccine safety and disease safety. Sinovac-CoronaVac
vaccine safety analysis is shown in Table 5. No moderate or
severe AEs were observed. Patients with SLE more often had
arthralgia after the first dose (14.7% versus 3.4%; P = 0.024) but
less myalgia after the second dose (6.5% versus 15.5%;
P = 0.025). Only 4.7% of the SLE patients reported disease
exacerbation after full immunization. There was no worsening of
SLEDAI-2K score up to 3 months after full vaccination in
118 SLE patients (2.0 versus 2.0; P = 0.07).

COVID-19 incident cases. The evaluation period for inci-
dent cases was 80 days since D0. A total of 11 symptomatic

cases of COVID-19 confirmed by RT-PCR were identified among
SLE patients (n = 9) and controls (n = 2), and all of them occurred
before 2 weeks of the complete vaccination. Only 1 SLE patient
required hospitalization but did not require mechanical ventilation
or ICU admission and no patient died.

DISCUSSION

This the first study to specifically analyze the impact of
each drug in the SARS-CoV-2 vaccine immunogenicity of SLE
patients. We demonstrated a moderate vaccine-induced anti-
body response to inactivated SARS-CoV-2 immunogen in this
disease with an optimal safety profile. We further observed that
glucocorticoid and MMF use negatively influences SARS-CoV-2
vaccine humoral response, whereas HCQ seems to increase SC
conversion rates.

Table 5. Adverse events after CoronaVac vaccination in SLE patients and controls*

After vaccine 1st dose After vaccine 2nd dose

SLE
(n = 223)

Controls
(n = 56) P

SLE
(n = 223)

Controls
(n = 56) P

No symptoms 91 (40.8) 31 (55.4) 0.050 118 (52.9) 28 (50.0) 0.696
Local reactions (at the
injection site)

71 (31.8) 12 (21.4) 0.128 62 (27.8) 18 (32.1) 0.521

Pain 60 (26.9) 10 (17.9) 0.163 50 (22.4) 16 (28.6) 0.333
Erythema 8 (3.6) 1 (1.8) 0.692 11 (4.9) 2 (3.6) 1.000
Swelling 18 (8.1) 3 (5.4) 0.776 20 (9.0) 7 (12.5) 0.424
Bruise 10 (4.5) 2 (3.6) 1.000 11 (4.9) 2 (3.6) 1.000
Pruritus 9 (4.0) 0 0.212 7 (3.1) 6 (10.7) 0.016†
Induration 24 (10.8) 0 0.006† 16 (7.2) 6 (10.7) 0.380
Systemic reactions 109 (48.9) 23 (41.1) 0.295 82 (36.8) 24 (42.9) 0.402
Fever 5 (2.2) 2 (3.6) 0.631 10 (4.5) 3 (5.4) 0.729
Malaise 21 (9.4) 4 (7.1) 0.795 21 (9.4) 7 (12.5) 0.492
Somnolence 36 (16.1) 5 (8.9) 0.173 31 (13.9) 5 (8.9) 0.321
Lack of appetite 10 (4.5) 0 0.220 11 (4.9) 1 (1.8) 0.470
Nausea 14 (6.3) 2 (3.6) 0.747 21 (9.4) 6 (10.7) 0.769
Vomiting 0 1 (1.8) 0.201 5 (2.2) 0 0.587
Diarrhea 16 (7.2) 6 (10.7) 0.380 18 (8.1) 4 (7.1) 1.000
Abdominal pain 11 (4.9) 4 (7.1) 0.511 11 (4.9) 4 (7.1) 0.511
Vertigo 19 (8.5) 3 (5.4) 0.584 10 (4.5) 3 (5.4) 0.729
Tremor 8 (3.6) 1 (1.8) 0.692 5 (2.2) 2 (3.6) 0.631
Headache 59 (26.5) 10 (17.9) 0.182 37 (16.6) 15 (26.8) 0.080
Fatigue 29 (13.0) 4 (7.1) 0.353 30 (13.5) 9 (16.1) 0.667
Sweating 13 (5.8) 1 (1.8) 0.315 17 (7.6) 2 (3.6) 0.382
Myalgia 23 (10.3) 3 (5.4) 0.314 14 (6.3) 8 (14.3) 0.047†
Muscle weakness 14 (6.3) 2 (3.6) 0.747 17 (7.6) 5 (8.9) 0.746
Arthralgia 34 (15.2) 2 (3.6) 0.024† 22 (9.9) 6 (10.7) 0.850
Back pain 18 (8.1) 2 (3.6) 0.384 16 (7.2) 8 (14.3) 0.090
Cough 17 (7.6) 2 (3.6) 0.382 15 (6.7) 5 (8.9) 0.568
Sneezing 24 (10.8) 3 (5.4) 0.313 20 (9.0) 9 (16.1) 0.119
Coryza 25 (11.2) 7 (12.5) 0.787 17 (7.6) 9 (16.1) 0.052
Stuffy nose 16 (7.2) 3 (5.4) 0.774 21 (9.4) 7 (12.5) 0.492
Sore throat 24 (10.8) 4 (7.1) 0.619 17 (7.6) 5 (8.9) 0.746
Shortness of breath 7 (3.1) 1 (1.8) 1.000 5 (2.2) 2 (3.6) 0.631
Conjunctivitis 3 (1.3) 0 1.000 4 (1.8) 1 (1.8) 1.000
Pruritus 5 (2.2) 0 0.587 7 (3.1) 2 (3.6) 1.000
Skin rash 1 (0.4) 0 1.000 5 (2.2) 1 (1.8) 1.000

* Values are the number (%) except where indicated otherwise. SLE = systemic lupus erythematosus.
† Statistically significant.
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One of the strengths of the present study was to include a
large number of SLE patients from a tertiary hospital who were
seronegative for SARS-CoV-2 antibodies (serology and NAb),
which allowed for a more precise definition of vaccine-induced
immunogenicity. In fact, the majority of ARD patients were able
to develop SARS-CoV-2 antibodies after COVID-19 natural infec-
tion, despite the use of immunosuppressive agents (29,30), and
prevaccination seropositivity was reported to enhance vaccine-
induced antibody production (31–34). The tertiary setting was
important, in order to provide a substantial sample of patients
receiving treatment with drugs that were reported to possibly
affect vaccine response in autoimmune diseases overall (16,19).
The balanced age and sex distribution was also an important
issue to be considered, since both factors are known to impact
vaccine response (11,35,36). In addition, blood collection for
immunogenicity was obtained at the same time point for all
participants, providing a comparable period for vaccine-induced
antibody production herein, since the time elapsed from
vaccination-influenced SC rates (11). The absence of this para-
meter in previous reports precludes a definitive conclusion about
their findings (12,15). Another important advantage was that
immunogenicity was assessed herein by both anti-SARS-CoV-2
S1/S2 IgG and by NAb, in contrast to most recent published
studies which were limited to anti-S1/S2 IgG data (13,15,16).
Recent reports have suggested that NAb are more directly asso-
ciated with COVID-19 protection (37,38).

Our study identified that SLE patients had a moderate
antibody-mediated response 6 weeks after the second dose
(D69) of Sinovac-CoronaVac vaccination, although there was a
lower response rate observed in our control group. Our findings
are in line with previous reports with small samples of SLE
patients after vaccination with mRNA vaccines (11,13,14,16)
and a large study focusing exclusively on SLE (17). The compara-
ble SC rates observed herein with the inactivated vaccine is
encouraging, since our patients were highly immunosuppressed
(75%) and nearly half of those reported by Izmirly et al were taking
only HCQ or no drugs (17). On the other hand, the lower SC and
NAb response after the first vaccine dose (D28) in our study high-
lights the importance of the Sinovac-CoronaVac second dose in
these immunocompromised individuals. Regarding NAb, the fre-
quency and activity detected herein were also moderate and
comparable to the study by Izmirly et al of 90 lupus patients (17).

The present study specifically identified a deleterious effect of
immunosuppressants and glucocorticoids in SARS-CoV-2 vac-
cine immunogenicity in SLE patients. Of note, MMF was the only
immunosuppressant associated with a 70–80% reduction of vac-
cine response, while azathioprine and methotrexate did not affect
the vaccine response measured by immunogenicity. The lower
SC and NAb positivity observed in our SLE patients receiving beli-
mumab therapy is probably explained by the concomitant use of
other immunosuppressants, mainly MMF. Accordingly, the
response after influenza vaccination revealed a significantly

reduced SC in SLE patients treated with prednisone ≥20 mg,
and further SC reduction was noted when associated with immu-
nosuppressants such as MMF (10).

The SC rates of SLE patients taking HCQ more than doubled
at D69 compared to those who were not taking this drug. It is pos-
sible that HCQ has a beneficial effect of restoring immunogenicity,
as previously described for H1N1 vaccination in SLE patients (10).
Reinforcing this finding, our study identified a tendency of higher
SC in SLE patients under the combination of immunosuppressants
and prednisone with HCQ versus those who were not taking HCQ
(P = 0.077); this finding has also been reported for H1N1 vaccine
(10). SLE patients receiving HCQ monotherapy also showed high
and comparable SC rates compared to the control group at D69;
however, this possible beneficial effect was not confirmed by multi-
variate analysis, which is likely related to the underrepresentation of
the HCQ-monotherapy subgroup.

Importantly, our analysis identified that almost one-fourth of
SARS-CoV-2–naive SLE patients did not develop SC, possibly
remaining susceptible to SARS-CoV-2 infection. The immunoge-
nicity responses obtained herein with an inactivated vaccine were
similar to the results of mRNA or adenovirus vaccines recently
reported in SLE patients (17). These data are reassuring, since
the population studied herein is from a tertiary center, with
74.6% of patients taking immunosuppressants, whereas in this
previous study 48% of the patients were receiving HCQ mono-
therapy or were not taking any medication (17).

Limitations of the present study were the lack of an SLE sub-
group without therapy, which would help to distinguish the role of
antimalarials and disease itself on the immune response of vacci-
nation and the retrospective analysis of SLEDAI-2K to assess
activity. The short-term observation period of vaccine immunoge-
nicity also precludes any conclusion about persistence of anti-
bodies in this population. In addition, we have not evaluated
cellular immunogenicity, but the interferon gamma production
was reported to have a parallel decrease with SC in SLE patients
(17). Another limitation of the present study, as well as in other
previous reports (11–19), is the unknown cutoff level of IgG anti-
bodies for SARS-CoV-2 protection.

Inactivated vaccines are considered safe and suitable for
patients with compromised immune systems, such as SLE
patients (39). Accordingly, severe AEs were also not observed in
other studies with mRNA vaccines (11,13,14,16,17). Reinforcing
this finding, lupus disease remained stable during the 3 months
post-vaccination. Also, the distinct dynamics of mild AE were
shown with higher frequency in SLE patients after the first dose
and in controls after the second dose.

In conclusion, we have demonstrated that SARS-CoV-
2–naive lupus patients require 2 doses of inactivated
Sinovac-CoronaVac SARS-CoV-2 vaccine to achieve moder-
ate immunogenicity, which is comparable to the findings
reported in studies of other new vaccine platforms, with an
excellent safety profile. HCQ use seems to increase
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immunogenicity whereas prednisone use and MMF use were
identified as the most relevant factors to impair vaccine-
induced antibody production. Disease activity was not associ-
ated with reduced response. For the ~25% unresponsive
group, novel strategies to improve immunogenicity are
urgently needed and may include having MMF temporarily
withdrawn or a vaccine booster.
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Implementing a Treat-to-Target Approach for Rheumatoid
Arthritis During the COVID-19 Pandemic: Results of a Virtual
Learning Collaborative Program

Daniel H. Solomon,1 Theodore Pincus,2 Nancy A. Shadick,1 Jacklyn Stratton,1 Jack Ellrodt,1

Leah Santacroce,1 Jeffrey N. Katz,1 and Josef S. Smolen,3 for the TRACTION Virtual Learning Collaborative

Objective. A treat-to-target (TTT) approach improves outcomes in rheumatoid arthritis (RA). In prior work, we
found that a learning collaborative (LC) program improved implementation of TTT. We conducted a shorter virtual
LC to assess the feasibility and effectiveness of this model for quality improvement and to assess TTT during
virtual visits.

Methods. We tested a 6-month virtual LC in ambulatory care. The LC was conducted during the 2020–2021
COVID-19 pandemic when many patient visits were conducted virtually. All LC meetings used videoconferencing
and a website to share data. The LC comprised a 6-hour kickoff session and 6 monthly webinars. The LC discussed
TTT in RA, its rationale, and rapid cycle improvement as a method for implementing TTT. Practices provided de-
identified patient visit data. Monthly webinars reinforced topics and demonstrated data on TTT adherence. This was
measured as the percentage of TTT processes completed. We compared TTT adherence between in-person visits ver-
sus virtual visits.

Results. Eighteen sites participated in the LC, representing 45 rheumatology clinicians. Sites inputted data on
1,826 patient visits, 78% of which were conducted in-person and 22% of which were held in a virtual setting. Adher-
ence with TTT improved from a mean of 51% at baseline to 84% at month 6 (P for trend < 0.001). Each aspect of
TTT also improved. Adherence with TTT during virtual visits was lower (65%) than during in-person visits (79%)
(P < 0.0001).

Conclusion. Implementation of TTT for RA can be improved through a relatively low-cost virtual LC. This improve-
ment in TTT implementation was observed despite the COVID-19 pandemic, but we did observe differences in TTT
adherence between in-person visits and virtual visits.

INTRODUCTION

Optimal long-term management of rheumatoid arthritis

(RA) requires longitudinal assessment of disease activity and con-

tinued adjustment in management (1). A process of treating-to-

target (TTT) has been advocated (2). These principles have been

adopted by rheumatology professional societies and outlined in

their guidelines for the management of RA (3,4) and are supported

by consistent randomized controlled trial evidence demonstrating

clinical improvement with TTT compared to usual care (5). While

the data supporting TTT are strong and the recommendations are

clear, this algorithm for managing RA is not routinely implemented

in clinical care. Several large-scale studies from different practice

settings suggest that RA treatments are frequently not adjusted

even when patients have moderate or severe disease activity (6).

Many reasons contribute to the lack of adherence to TTT in the

management of RA, including absence of a formal disease activity

assessment, failure to determine and/or document a treatment tar-

get, clinician preference not to accelerate therapy, and patient

preference not to modify treatments (7,8).
In previous studies, we documented that implementation of TTT

could be improved through a learning collaborative (LC) (9). An LC is
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a systematic approach to process improvement, whereby organiza-

tions test and implement changes and measure the impact of these

changes. Simultaneously, different organizations share their experi-

ences to accelerate learning (10). This process was popularized in

health care by the Institute for Healthcare Improvement in their Break-

through Series (11). We used such a method to improve adherence

to TTT for RA in the TRACTION trial (9,12–14), which recruited 11 US

rheumatology practices to participate in an LC. The LC included a

face-to-face kick-off meeting and 9monthly webinars. Six practices

were randomized to the LC intervention group during the first

phase and experienced a significant improvement in TTT adher-

ence, from 11% to 55% over 9 months. Since the LC intervention

was effective and the benefits were sustained, we considered

whether a less intensive LC might be as effective. The present

study had been planned to occur over 6 months in 2020. When

the COVID-19 pandemic occurred, limiting travel and other activ-

ities, the LC was switched to a 100% virtual setting. We hypothe-

sized that a shorter and purely virtual LC to improve adherence

with TTT for RA would result in increased implementation of TTT.

MATERIALS AND METHODS

Study design and setting. We conducted an LC from
October 2020 through April 2021. The LC recruited rheumatology
practices in the US. The practices were recruited through personal
emails, and none of these practices had participated in our previous
LC. The recruitment of practices took place in early 2020, but the LC
was postponed when the COVID-19 pandemic occurred; it was
then subsequently initiated in the fall of 2020 as a virtual LC. One
practice closed during the COVID-19 pandemic, but the rheumatol-
ogist from this practice participated without contributing data. The
LC was considered a quality improvement project by the Partners
Human Research Committee and was thus exempt from Institu-
tional Review Board oversight. No patient recruitment occurred,
and patient consent was not required.

Learning collaborative. The LC was based on prior qual-
ity improvement literature in health care that had demonstrated
the value of sequenced learning sessions, allowing teams to col-
laborate and work with expert faculty (15). In between learning

sessions, teams could implement changes using various
methods, often relying on small tests of change (otherwise known
as “Plan-Do-Study-Act” [PDSA] cycles). In our prior LC on this
topic, we developed a model for improvement that included
3 principles: 1) the treatment of RA is based on a process of
shared decision-making, 2) validated disease activity measures
are used to assess and track RA disease activity, and 3) decisions
regarding treatment are made with purposeful consideration of
the patient’s disease activity and an agreed-upon target. Each of
these principles is supported by evidence, and there are clear
steps to enhance these principles in the management of RA. For
example, to achieve principle 3, providers and patients must
decide on a target, measure disease activity, and consider treat-
ment changes when disease activity exceeds target—but also
decide when other factors (e.g., comorbidities, coexistent fibro-
myalgia) should mitigate against a treatment change.

To support the LC, we recruited faculty who had expertise in
each facet of TTT. This included an expert on TTT in RA andmeasur-
ing disease activity (JS), an expert on implementing disease activity
measures (TP), and 2 experts on patient communications (NAS
and JNK). One faculty member (DHS) facilitated the LC and dis-
cussed methods for quality improvement, including the PDSA cycle.

Adherence with TTT. While TTT for RA has many compo-
nents, we focused on several critical factors that could be measured
through chart review. The factors included presence of a disease
activity measure, documentation of a disease activity target, descrip-
tion of treatment changes in patients not at target, and discussion of
shared decision-making if a treatment or target decision was made.
In a prior study of TTT, we found that these measures could be reli-
ably determined from reviewing medical records (9).

We did not focus on a specific disease activity measure, but
records must have documented an objective measure of RA dis-
ease activity, such as those described by the American College
of Rheumatology (e.g., Routine Assessment of Patient Index Data
3, Clinical Disease Activity Index, Disease Activity Score) (16). Dis-
ease activity targets that were assessed in this LC included remis-
sion and low, moderate, or high disease activity, with most
patients having a target of remission or low disease activity. In
patients not at target based on disease activity measurement,
records were examined for changes in treatment. These might
include dose increases, addition of a treatment for RA, or change
in treatment. Finally, medical records were reviewed for evidence
of shared decision-making when a decision was made
(i.e., treatment change or target change), which may have
included mention of patient preferences and/or education about
specific treatments. If no change in treatment was made even
when patients were found not be at target, the chart review
assessed the reasons given for no change in treatment among
these patients.

Data on these components were collected monthly during
20–25 RA visits at each rheumatology practice. We did not specify

SIGNIFICANCE & INNOVATIONS
• A virtual learning collaborative is a feasible and

effective method to perform quality improvement
across rheumatology practices in the US.

• Adherence to a treat-to-target strategy for rheumatoid
arthritis is higher during in-person visits compared to
virtual visits.

• Virtual learning collaboratives should be considered
for other areas in rheumatology that could benefit
from quality improvement.
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which patients or which visits but asked sites to distribute the visits
across participating clinicians seeing patients in the week before the
monthly webinar. Most practices allowed clinicians to review their
own medical records, but some had a staff person review all records.

Statistical analysis. Personnel from each rheumatology
practice were asked to list site characteristics and their role in the
LC in an exit survey. We described these features and those of the
patient visits across the 6-month duration of the LC. Adherence with
TTT was estimated as a simple proportion of the TTT components
collected from the medical records (described above). Visits had

2, 3, or 4 possible components as the denominator, with the numer-
ator being the number of TTT components present based on review
of the medical record. However, the denominator differed by com-
ponent because the number of patients eligible for a given compo-
nent differed. For example, if no disease activity measure and/or
target was recorded, then it would be impossible to determine how
clinicians responded when patients were not at the disease activity
target. Further, if no decisions were made at a visit (no change in
treatments or target), then no shared decision-making was
expected. This proportion of TTT adherence was assessedmonthly,
by practice and aggregated across all practices. Overall change in
adherence by month was tested using mixed-effects linear regres-
sion models that only included month as a continuous covariate
and a random intercept to account for correlation among rheumatol-
ogy practice sites. Since each component of adherence was con-
sidered present or absent, we tested changes in components
using a mixed-effects regression model with a binomial distribution.

Because the LC took place during the COVID-19 pandemic,
many visits were conducted virtually. After the first month of the
LC, we asked practices to identify whether visits were held in-
person or in a virtual setting. We compared adherence for the in-
person visits with those that were conducted virtually. Statistical
significance of the comparisons was tested using linear mixed-
effects regression analysis adjusted for month where appropriate;
again, a random intercept was used to account for rheumatology
practice site. All analyses were conducted in R (version 3.6.2).

RESULTS

Eighteen practices participated in the LC, representing
45 rheumatology clinicians (rheumatologists and nurse practi-
tioners). The practices were from 10 US states and Washington,
DC. As noted in Table 1, 14 practices were located in or affiliated

Table 1. Practice and patient visit characteristics in the learning
collaborative

Characteristics No. (%)

Practice setting
Academic setting or affiliated with academic
center

14 (77.8)

Private practice, non-academic 3 (16.7)
Community safety net hospital 1 (5.6)

Number of rheumatoid patients in the practice (estimate)
1–300 5 (27.8)
301–600 1 (5.6)
601–900 3 (16.7)
901–1,500 5 (27.8)
>1,500 2 (11.1)
Not reported 2 (11.1)

Virtual visits during the learning collaborative
0–5% 3 (16.7)
6–10% 5 (27.8)
11–30% 4 (22.2)
31–80% 5 (27.8)
>80% 1 (5.6)

Types of visit
Urgent 14 (0.83)
Routine 1,703 (93.2)
Initial consult 109 (6.0)

Figure 1. Trend in mean adherence with treat-to-target over a 6-month learning collaborative program. P values were calculated using mixed-
effects linear regression models that accounted for correlation among practice sites. Error bars represent the SD.
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with an academic medical center. The practices varied, with some
treating <300 RA patients per year to some treating >1,500 RA
patients. The practices reported substantial variation in the esti-
mated percentage of visits that were virtual during the 6 months
of the LC, with 3 practices (17%) estimating 0–5% of visits being
held virtually, and 1 practice (5.6%) estimating >80% of visits as
being held in a virtual setting. The level of participation in the LC
varied across sites—5 sites met weekly or every other week, and
11 sites described meeting monthly or never. Three sites submit-
ted 5–6 PDSA reports, whereas 8 sites submitted 1–2 PDSA
reports. Sites submitted data on a mean 305 visits per month, with
several sites missing submissions for several months. Most of
these visits were routine and not of an urgent nature (Table 1).

Figure 1 demonstrates the change over time in adherence
with TTT. The trend in adherence increased from 50–85% over
the 6 months of the LC (P for trend < 0.0001). Components of
the LC that showed an increase in adherence were clinical mea-
surement and shared decision-making (Figure 2). Change in treat-
ment among patients not at disease activity target, which ranged
between 45% and 60%, did not increase over time (Figure 2).
However, the odds of changing treatment differed by the pres-
ence of a disease activity target being recorded. For example,
patients for whom remission was noted as a disease activity
target had an odds ratio of 2.48 (95% confidence interval

1.80–3.44) for changing treatment compared to patients without
a disease activity target.

There were 292 visits in which patients were noted to not be
at target disease activity and wherein RA treatments were not
changed. The chart review allowed for multiple reasons to be
given for not changing treatment, with 346 reasons noted for
these visits. Of the reasons given for not changing treatment,
one-third of responses cited patient preference, 19% cited clini-
cian preference, 25% of responses specifically indicated that pain
was not from RA, 19% of responses indicated that patients
wanted more time to allow current treatment to work, 1.4% of
responses specified COVID-19, and 2.6% noted other miscella-
neous reasons for not changing treatment.

Adherence at in-person visits (n = 1,137) and virtual visits
(n = 317) was considered separately to better understand the
impact of virtual visits on TTT. Figure 3 illustrates that there was
similar improvement across both types of visits (P for trend
< 0.0001). At the start of the LC, adherence with TTT at virtual
visits (43%) was significantly lower than in-person visits (67%)
(P ≤ 0.0001). However, by the end of the LC, adherence was
more comparable between virtual visits (76%) and in-person visits
(85%) (P = 0.55).

Finally, we examined the components of TTT adherence,
comparing in-person visits to visits performed in a virtual setting

Figure 2. Trends in mean adherence with treat-to-target, by component. Adherence is shown with measurement of disease activity (A), descrip-
tion of disease activity target (B), change in treatment when not at disease activity target (C), and shared decision-making (D).
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(Table 2). Recording a disease activity measure and a target was
much more common during in-person visits than in virtual visits.
Additionally, changing treatment was slightly more common dur-
ing in-person visits. However, shared decision-making was
recorded at similar levels during the 2 types of visits. We also
found an approximately similar percentage of visits that were
deemed at target for both types of visits (36.7% of in-person visits
versus 36.9% of virtual visits).

DISCUSSION

Learning collaboratives have been effective methods for pro-
moting quality improvement in health care (15). In prior work, we
conducted an LC over 9 months that included both in-person
and virtual aspects (9). The current single-arm study assessed
whether a larger-scale, shorter, and fully virtual LC could be effec-
tive at improving adherence with TTT for RA. Eighteen rheumatol-
ogy practices in the US participated and contributed visit data
over 6 months. We observed significant improvement in TTT
adherence across the LC, with improvement being similar for both

in-person and virtual visits. The improvement that we observed in
the present single-arm study was smaller (from 50% adherence at
baseline to 75% adherence at 6 months) in magnitude than what
we observed in our prior work (from 11% at baseline to 55% at
9 months), but the duration of the study, measurement methods,
and the period when the study was conducted differed (9).

The one outcome of the TTT that did not demonstrate an
improvement was the lack of change of treatment in patients not
at disease activity target. This has been noted in other cohorts,
but we hoped that in the formal construct of this LC, which had
an emphasis on TTT, this process measure would have improved.
It is possible that with a longer observation period more patients
would have changed treatments when not at target, an observa-
tion we noted in our previous trial (9). This issue remains a critical
point for rheumatologists to consider. Treatment decisions in
symptomatic chronic illnesses such as RA are always based on
patient and clinician preferences. When patients and/or clinicians
deem that their symptoms are not the results of RA, treatment
changes will be less likely. The appropriateness of these decisions
is difficult to ascertain from medical record review, but a shared

Figure 3. Trends in mean adherence with treat-to-target across 5 months when in-person visits versus virtual visits were recorded. The percent-
age of adherence in December was significantly higher for in-person visits compared to virtual visits (P < 0.001), although the percentage of adher-
ence in April between in-person and virtual visits was not significantly different (P = 0.55). P values were calculated from mixed-effects linear
regression models that determined correlation among practice sites. Error bars represent the SD.

Table 2. Percent adherence with treat-to-target components, comparing in-person visits with virtual visits*

Component of treat-to-target
In-person visit
(n = 1,137)

Virtual visit
(n = 317) P

Disease activity measure 994 (87.4) 215 (67.8) <0.0001
Target noted 914 (80.4) 190 (59.9) <0.0001
Number of visits not at target 720 200
Not at target, change treatment 378 (52.5) 84 (42.0) 0.0089
Shared decision-making 480 (66.7) 139 (69.5) 0.45

* Except where indicated otherwise, values are the number (%) of visits. P values were generated from a mixed-
effects linear regression model with a binomial distribution. This model included the presence (or absence) of the
treat-to-target adherence component as a dependent variable, in-person visits versus virtual visits as the exposure
of interest, and a random intercept shared by observations within the same rheumatology practice site. These are
nominal P values where P < 0.05 should be considered statistically significant.
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decision-making framework could work in either direction (i.e., a
greater or reduced likelihood in changing RA treatments in the
setting of not reaching target disease activity).

The results of this study suggest that relatively brief LCs,
conducted virtually, can be effective at producing quality
improvement in ambulatory rheumatology practices in the
US. While it is not clear that the experience described would
apply to all potential areas of quality improvement, we expect
that it would be generalizable to other topics and other settings
outside of the US.

There is a small amount of literature on prior experiences with
virtual LCs (17–22). The prior virtual LCs have been primarily
nurse-led, and all (as known to the authors of the present work)
within the VA health care system in the US. Several of the LCs
have produced positive results for fall prevention and catheter-
associated urinary tract infections. However, it has been unclear
whether a shorter virtual LC (most LCs are at least 1 year) focused
on outpatient care would be feasible and productive. The results
of the current LC suggest that short and virtual LCs focused on
outpatient care can be productive.

Collecting data on the performance of sites regarding the
area targeted for improvement is a cornerstone of all LCs. Most
LCs include self-assessment. In our prior LC on TTT, study staff
external to the involved practices also collected data. In the cur-
rent LC, sites performed self-assessment and demonstrated
gradual improvement across most components of TTT. While it
is possible (maybe even likely) that the self-assessment intro-
duced some bias, we believe that the demonstration of improve-
ment in TTT was a valid observation. We also did not survey
patients about their experience with care guided by TTT; it is pos-
sible that the patients appreciated the change in how clinicians
address RA management while using a TTT paradigm.

We observed that adherence with TTT was moderate during
virtual visits and improved during the LC, similar to in-person
visits. The disease activity measures used during in-person and
virtual visits differed somewhat (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24830/abstract), with
the biggest difference being that no disease activity measurement
was recorded in a larger proportion of virtual visits. Many disease
activity measures cannot be performed without results from ten-
der and swollen joint counts, and many clinicians in the LC dis-
cussed the challenges of virtual disease activity measures during
the monthly webinars. The group discussed adaptations, such
as using email for patient global assessment, patient self-
assessed tender joint counts, and visual inspection by video for
swollen joint counts. We do not have specific data on these adap-
tions, and they are all imperfect methods of ascertaining disease
activity. Nonetheless, virtual visits are likely to be continued in many
areas of medicine, particularly in the management of chronic dis-
eases. We believe that our data demonstrate that quality of care
for RA as evidenced by adherence with TTT can be high even with

virtual visits, but it may beworthwhile to develop valid disease activ-
ity measures that can be performed virtually.

While continuing medical education is a cornerstone of pro-
fessional development, quality improvement should be included
as a goal of educational programs. However, delivering organized
quality improvement efforts involving many practices is not a sim-
ple task. We note that the American College of Rheumatology
RISE registry has organized a collective of rheumatology practices
engaging in quality improvement through an LC (23). Focusing
these efforts on areas requiring quality improvement in rheumatol-
ogy should produce important changes. Possible areas for
improvement might include glucocorticoid-induced osteoporosis
management, vaccination practices, and cardiovascular risk fac-
tor management (24). The results of our study suggest that
short-term virtual LCs may be appropriate to pursue in
rheumatology.
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Scale Banking for Patient-Reported OutcomeMeasures That
Measure Functioning in Rheumatoid Arthritis: A Daily
Activities Metric

Birgit Prodinger,1 Michaela Coenen,2 Alison Hammond,3 Ayşe A. Küçükdeveci,4 and Alan Tennant5

Objective. Functioning is an important outcome for the management of rheumatoid arthritis (RA). Heterogene-
ity of respective patient-reported outcome measures (PROMs) challenges direct comparisons between their
results. This study aimed to standardize reporting of such PROMs measuring functioning in RA to facilitate
comparability.

Methods. Common-item nonequivalent group design with the Health Assessment Questionnaire (HAQ) as a com-
mon scale across data sets from various countries (including the UK, Turkey, and Germany) to establish a common
metric was used. Other PROMs included are the physical function items of the Multidimensional HAQ (MDHAQ), the
Disabilities of the Arm, Shoulder, and Hand questionnaire, the Western Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC), the World Health Organization Disability Assessment Schedule II (WHODAS II), the Medical Out-
comes Study Short Form 36 (SF-36) health survey, and 4 short forms (20, 10, 6, and 4 physical function items) from
the Patient-Reported Outcomes Measurement Information System. As the HAQ includes mobility, self-care, and
domestic life items, this study focuses on these 3 domains. PROMs were described using standard error of measure-
ment (SEM) and smallest detectable difference (SDD). A Rasch measurement model was used to create the common
metric.

Results. The range of the SEM was 0.2 (MDHAQ) to 7.4 (SF-36 health survey physical functioning domain). The
SDD revealed a range from 9.7% (WOMAC rating scale) to 33.5% (WHODAS physical functioning domain). PROMs
co-calibration revealed fit to the Rasch measurement model. A transformation table was developed to allow exchange
between PROM scores.

Conclusion. Scores between the daily activity PROMs commonly used in RA can now be compared. Factors such
as SEM and SDD help to determine the choice of a PROM in clinical practice and research.

INTRODUCTION

Studies of the lived experience of individuals with rheumatoid

arthritis (RA) show that most facets of life can be affected by the

health condition (body structures and functions can be impaired,

activities in daily life limited, as well as social, community, and civic

life being restricted) (1,2) and thus are important outcomes to

measure in evaluating and monitoring the health condition and

related interventions. Therefore, a comprehensive understanding

of health, as reflected in a bio-psycho-social perspective,

is foundational for measuring outcomes in clinical trials,

epidemiologic studies, or the routine monitoring of the patients’

progress (3,4). “Outcome” refers here to any indicator (variable)

to detect changes in health status or quality of life. Clinicians and

researchers use a wide range of outcomes, from inflammatory

markers and joint counts through job retention and quality of life

(5–8). Many such outcomes use questionnaires to measure

patients’ perceptions of the condition’s impact on their health

Supported by EULAR (Health Professional grant HPR030).
1Birgit Prodinger, PhD, MSc: Technical University of Applied Sciences,

Rosenheim, Germany, and Swiss Paraplegic Research and ICF Research
Branch, Nottwil, Switzerland; 2Michaela Coenen, MPH: Institute for Medical
Information Processing, Biometry, and Epidemiology, Public Health and
Health Services Research, and Pettenkofer School of Public Health, Ludwig-
Maximilians-Universität, Munich, Germany, and ICF Research Branch, Nottwil,
Switzerland; 3Alison Hammond, PhD: University of Salford, Salford, UK; 4Ayşe
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and lives. Such patient-reported outcome measures (PROMs)

have been used in RA for >35 years (9). In the context of this

study, a PROM is defined as any patient- or proxy-completed

questionnaire in which a set of items is summated to give a total

score, a series of domain scores, or both. “Domain” refers to

any meaningful aggregation of categories as defined by the Inter-

national Classification of Functioning, Disability, and Health (ICF)

instrument (10). ICF categories (e.g., d450 Walking) are the unit

of the classification and are hierarchically ordered into chapters

(e.g., d4 Mobility) and components (e.g., d Activities and Partici-

pation). The components and their interactions reflect a

bio-psycho-social model of health and disability in RA (11,12).
The use of PROMs in rheumatology is ubiquitous. For exam-

ple, a recent European Alliance of Associations for Rheumatology
(EULAR) PROM program project found that from 2000–2016,
78 different PROMs were used to measure outcomes in osteoar-
thritis studies (13). Often, several different PROMs can be used to
measure the same domain, such as pain, fatigue, mobility, or self-
care. This heterogeneity makes it difficult to directly compare the
results of PROMs from different studies. Furthermore, data
derived from PROMs are often ordinal scaled, limiting their useful-
ness in monitoring change over time (14). The lack of comparable
and interval-scaled information collected from PROMs measuring
the same construct restricts using data for secondary clinical pur-
poses, such as quality audits and benchmarking, as well as for
research purposes, including meta-analyses. However, interna-
tional standards for eHealth stress the need for information sys-
tems based on international health classifications, including the
ICF, to ensure that health information is available in a consistent
and comparable manner for effective use in decision-making
(15). Therefore, the objective of this study was to standardize

reporting of commonly used PROMs in RA to facilitate their
comparability.

MATERIALS AND METHODS

Conceptual and score equivalence are foundational to
establishing comparability of existing PROMs (16). For conceptual
equivalence, we relied on previously linked items from selected
PROMs to the ICF (www.icf-research-branch.org). PROMs linked
to the same ICF domains are assumed to be comparable from a
content perspective and thus could be included in the psycho-
metric analyses to establish score equivalence. The Rasch mea-
surement model was applied, with the total scores of the
PROMs equated directly, to establish score equivalence rather
than ratings of single items within each PROM (17).

Outcome measures. The 10 most commonly used
PROMs in the last 10 years (2006–2016) in RA research were
identified based on the preliminary results of the second part of
the above mentioned EULAR project focusing on PROMs used
in RA. Of those, 6 include items that were linked to the ICF com-
ponent d Activities and Participation. The remaining 4 were the
EuroQol 5-domain instrument (not a summated scale and with
mixed domain content) (18), the Hospital Anxiety and Depression
scale (19), the 6-dimension Short Form health survey, and the
Rheumatoid Arthritis Quality of Life scale (20). The 6 chosen
included the Medical Outcomes Study Short Form 36 (SF-36)
health survey (21), the Health Assessment Questionnaire (HAQ)
(9), the Disabilities of Arm, Shoulder, and Hand (DASH) question-
naire (22), the Multidimensional HAQ (MDHAQ) (23), the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) (24), and the World Health Organization Disability
Assessment Schedule II (WHODAS II) (25). Other generic PROMs
allowing comparability across conditions were included, namely,
relevant subscales from the Patient-Reported Outcomes Mea-
surement Information System (PROMIS) (26), as it is a recom-
mended PROM for functional status assessment (27).

Because the HAQ is the most commonly used PROM in RA
and covers mainly activities related to mobility, self-care, and
domestic life, this study focused on these 3 ICF activities and par-
ticipation domains. Among the selected PROMs, only (sub-)
scales that mapped on to the d4 Mobility, d5 Self-care, and d6
Domestic Life domains were chosen. Since items within each
included PROM are generally consistent with undertaking tasks
associated with activities of daily living, the resulting interval-
scaled common metric was referred to as the “daily activities
metric.”

The HAQ. The HAQ (9) consists of 20 items assessing diffi-
culties in performing activities of daily living on a scale of 0 =
“Without any difficulty” to 3 = “Unable to do.” These items are
grouped into 8 domains. To create a total score, the highest item
scores from each domain are added and then divided by 8, with

SIGNIFICANCE & INNOVATIONS
• The number and heterogeneity of patient-reported

outcome measures (PROMs) used in clinical
research and practice in rheumatoid arthritis
(RA) make it difficult to directly compare the results
of these PROMs from different settings or studies.

• This study enables direct comparability of com-
monly used PROMs to assess activities of daily living
by means of an interval-scaled daily activities
metric.

• The PROMs included in this study all measure a sim-
ilar range on the daily activities metric; thus, other
factors, such as the smallest detectable difference
(SDD), are suggested to be used to differentiate
between PROMs.

• Differences in SDD occurred, whereby the Health
Assessment Questionnaire is of particular concern,
indicating that it is less than optimal for detecting a
difference compared to other PROMs.
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higher scores indicating more difficulties. In this study, the HAQ
was scored without the score adjustment for assistive devices
and help because the other included PROMs reflect a perfor-
mance perspective, whereas adjusting HAQ scores attempts a
capacity perspective, i.e., trying to ascertain what level of problem
the individual would have had without using assistive devices
or help.

SF-36 health survey. The SF-36, version 2 (21), comprises
8 health domains, of which only the physical functioning domain
(SF-36-PF) was relevant for this study. The SF-36-PF consists of
10 items related to activities of daily living, each rated on a scale
from 1 = “Limited a lot” to 3 = “Not limited at all.” The total score
is created by summing the responses to each item and transform-
ing it to a 0–100 scale, with lower scores indicating worse
function.

The DASH questionnaire. The DASH questionnaire (22) con-
tains 30 items related to physical function and symptoms. Only
the 23 items related to physical function (henceforth referred to
as the DASH23) were included and rated on a scale from
0 = “No difficulty” to 5 = “Extreme difficulty.” The mean of the
items is transformed into a scale from 0 to 100 for the total score
([(sum of n responses – 1) / n] × 25), with higher scores indicating
worse function.

The MDHAQ. The MDHAQ (23) consists of 10 items: the
8 MHAQ items plus walking 3 kilometers and participating in rec-
reational activities. The total score is the sum of the items divided
by the total number of items answered (at least 9 of the 10 are
required). The value is rounded to the first decimal, with higher
scores indicating worse function.

The WOMAC. The WOMAC (24) consists of 3 subscales
(pain, stiffness, and physical function). Only the physical function
subscale (WOMAC-PF), which includes 17 items, was included.
Two forms of the WOMAC-PF are available; one with a numerical
rating scale scored 0–10 (WOMAC NRS), the other with a rating
scale scored 0–4, whereby 0 always indicates “no difficulty” and
the higher score “extreme difficulty” (WOMAC RAT). Because
both forms are used in practice, we included both. A total score
for each subscale is created by summing up the respective items,
with higher scores indicating worse function.

WHODAS II. The WHODAS II (25) is a generic health and dis-
ability instrument with 6 domains. Three domains (mobility, self-
care, and life activities) equated to the ICF chapters d4 Mobility,
d5 Self-care, and d6 Domestic Life and thus were relevant for this
study (henceforth referred to as WHODAS physical functioning
domain). Items are scored on a scale from 0 = “No difficulty” to
4 = “Extreme difficulty/cannot do.” A total score for each domain
is created by summing up its items’ responses, with higher scores
indicating worse function.

PROMIS. The PROMIS (26) is a set of measures of physical,
mental, and social health. In this study, we included the 4 physical
function short-forms (PF-20, PF-10, PF-6, and PF-4 items) of the
PROMIS. Items are rated on a scale from 1 = “Cannot do” to 5 =

“Without any difficulty.” A total score for each short form is cre-
ated by summing up the responses to each item, with lower
scores indicating worse function.

In total, we included 11 PROMs including 4 forms of the
PROMIS, 2 forms of the HAQ, and 2 forms of the WOMAC. All
PROMs were collected using the validated language version in
the participating countries.

Data collection. We adopted a 2-fold strategy. First, we
considered data sets in which data of the identified PROMs were
already collected previously and applied for data collected in
the process of developing and validating the ICF core set for
RA at Ludwig-Maximilians-University (LMU), Munich, which
coordinated the ICF core set development process relying on
an international network. More specifically, we used the data
from Lithuania, Serbia, Hungary, and The Netherlands and
grouped it together under an “other Europe” label. Participants
were diagnosed with RA according to the study criteria of the
primary studies.

Second, to ensure that all PROMs, or at least 1 version of
each PROM, were well populated in English, German, and Turk-
ish, we collected additional data on individuals with RA at Ankara
University, the University of Salford, and LMU, Munich (Figure 1).
All relevant documents were prepared in a generic form and then
adopted to local regulations by the local research teams to
ensure that data collection followed the respective regulations
in place at the time. Data collection took place between Spring
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Figure 1. Overview of the data structure showing previously col-
lected data used in this study for secondary analysis (light gray) and
data that have been newly collected specifically for this project (dark
gray). DASH23 = 23-item Disabilities of the Arm, Shoulder, and Hand
questionnaire; GER = Germany; HAQ = Health Assessment Ques-
tionnaire; MDHAQ = Multidimensional Health Assessment Question-
naire; PROMIS-SFs = Patient-Reported Outcomes Measurement
Information System short forms; SF-36-PF = Medical Outcomes
Study Short Form 36 health survey physical functioning domain;
TK = Turkey; WHODAS-PF = World Health Organization Disability
Assessment Schedule physical functioning domain; WOMAC-
PF = Western Ontario and McMaster Universities Osteoarthritis Index
physical functioning domain.
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2017 and 2018 through the outpatient clinic or established
patient networks at each site. Ethics approval was obtained
from the appropriate research ethics committees at each site,
and each participant gave his/her informed written consent to
participate in this study.

Data analysis. Analysis was embedded within a common-
item, nonequivalent group design (NEAT) with the HAQ being the
common PROM across all data sets. NEAT implies that the same
items were administered in different groups, but not all individuals
are administered all items. This design allows bringing together
different data sets containing different PROMs but with at least
1 item set common across all sets (the HAQ in the present study).
Descriptive statistics were used to describe PROM scores for
each country; the Kruskal-Wallis test was used to determine any
differences in the ordinal PROM scores across countries. In addi-

tion, the standard error of measurement (SEM) ðSD×
ffiffiffiffiffiffiffiffiffiffiffiffiffi½1−α�p Þ

and smallest detectable difference (SDD) (SEM×1.96×
ffiffiffi
2

p
) were

calculated on the raw scale scores to gain information about the
level of precision of the scale. The SDD was also presented as a
percentage of the full operational range of the PROM (i.e., its total
raw score range). Cronbach’s α is reported as an indicator of the
internal reliability of each scale.

To co-calibrate the scales onto a common reference metric
(an interval-scaled metric with ≥3 scales), the partial credit
parameterization of the Rasch measurement model was used
within the RUMM2030 software (28,29). The analytical test-
equating approach adopted in this study is recent, involving just
the total scores of the scales to represent items within the daily
activities metric (17). This has the advantage of absorbing any
local item dependency that exists within each scale. Thus, the
scales intended to measure the daily activities domain were cal-
ibrated onto the reference metric, and their fit to the Rasch
model tested as a set of items (i.e., each PROM represented
an item).

Due to the incomplete nature of the data matrix (not all
PROMs were collected in each setting), fit to the model was
tested by pairwise PROM fit, with the HAQ always being pres-
ent. Such a pairwise test of fit makes available a robust condi-
tional test of fit (CTF) to see if the data accord with model
expectations (17). Ideal fit values are reported at the bottom of
the fit table (see Results section).

Unidimensionality was tested with a principal components
analysis of the standardized Rasch residuals. A t-test was con-
ducted comparing pairs of ability estimates, either loading posi-
tively or negatively on the first component of the residuals. The
lower limit of the confidence interval for the percentage of signifi-
cant t-tests should be <5%.

Scale invariance was tested by examining differential item
functioning (DIF). PROMs were considered as invariant or free
of DIF if patients with comparable levels of daily activities ability
(as defined by the 2 PROMs under consideration in each pair-
wise comparison) obtained the same score on a given PROM,
regardless of group characteristics (e.g., age, sex, and country).
Should DIF be observed, a comparison was made between
unadjusted and adjusted person estimates, the latter derived
by splitting items on the group variable (29). In this study, if a
paired t-test between the 2 estimates was significant, a substan-
tive difference was interpreted as an effect size of that
difference ≥0.1 (30).

A core of 6 PROMs, referred to as “core scale bank,” was
identified and co-calibrated to define the reference metric. This
core scale bank was designed to prevent replicates of PROMs
(i.e., the 4 PROMIS short forms, the 2 WOMAC physical function-
ing domain forms, and the HAQ and MDHAQ) to avoid problems
with a breach of the local independence assumption and so
included the WOMAC RAT, the DASH23 questionnaire, the PRO-
MIS PF-20, the SF-36-PF, the WHODAS physical functioning
domain (with its 3 domains summated into a single score), and
the HAQ (30). The remaining scales were subsequently calibrated
onto the metric on an individual basis, calibrating along with the
HAQ, anchored to the item parameters of the HAQ from the core
set analysis.

RESULTS

Age, sex, and disease duration of the sample in each country
are given in Table 1. The contribution to the overall sample made
by each country for each PROM is shown in Table 2. The raw data
are presented in the way that they are traditionally reported, for
example, variations of the HAQ are rescored to 0–3, and the SF-
36-PF to 0–100. Table 3 gives some basic descriptive statistics
for each PROM, as well as the SEM and SDD. TheWOMAC phys-
ical functioning domain (in either format) and the PROMIS 20-item

Table 1. Age, sex, and disease duration of the sample in each country*

Country
Mean � SD age,

years Female, %
Mean � SD disease

duration, years
Median HAQ

score No.

Germany 49.0 � 13.8 91.4 13.5 � 12.2 1.0 180
UK 68.3 � 10.0 74.2 19.8 � 13.0 1.0 535
Turkey 57.5 � 11.5 75.8 13.7 � 10.3 0.8 458
Other Europe 56.9 � 12.7 80.4 11.3 � 9.8 1.5 554
Total – 78.4 – – 1,727

* HAQ = Health Assessment Questionnaire.
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Table 2. Country contributions to scale bank*

Scale and
country Sample

Median
score IQR

Difference,
Kruskal-Wallis P

WHODAS-PF
Turkey 296 12 4–24 –

SF-36-PF
UK 368 40 15–65 –

Other Europe 514 35 15–55 0.0283
PROMIS-PF4
Germany 156 15 12–17 –

UK 152 14 9–18 0.3222
PROMIS-PF6
Germany 156 20 16–24 –

UK 152 19 12–35 0.2178
PROMIS-PF10
Germany 156 34 28–41 –

UK 152 32 24–41 0.2788
PROMIS-PF20
Germany 156 72 60–86 –

UK 152 68 50–85 0.1322
DASH23
Germany 155 34 19–53 –

Turkey 115 33 16–56 0.7942
WOMAC NRS
Germany 153 49 20–90 –

WOMAC RAT
UK 141 24 7–35 –

Turkey 155 20 11–36 0.9170
MDHAQ
UK 151 1 0.375–1.75 –

Turkey 156 0.63 0.25–1.5 0.0636
HAQ
Germany 176 1 0.5–1.5 –

UK 529 1 0.5–1.75 –

Turkey 457 0.75 0.125–1.5 –

Other Europe 427 1.5 0.875–2.0 0.0001

* DASH23 = 23-item Disabilities of the Arm, Shoulder, and Hand questionnaire; HAQ = Health Assessment Ques-
tionnaire; IQR = interquartile range; MDHAQ = Multidimensional HAQ; NRS = numerical rating scale (range 0–10);
PROMIS-PF4 = Patient-Reported Outcomes Measurement Information System 4-item physical functioning domain;
RAT = rating scale (range 0–4); SF-36-PF =Medical Outcomes Study Short Form 36 health survey physical functioning
domain; WHODAS-PF = World Health Organization Disability Assessment Schedule physical functioning domain;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Table 3. Scale precision ordered by percentage of smallest detectable difference (SDD)*

Scale
No. of

observations Median IQR Min Max Cronbach’s α SEM
Operational

range SDD % SDD

WOMAC RAT 296 21.5 9–36 0 85 0.97 2.96 85 8.21 9.66
WOMAC NRS 153 49.3 20.4–90.1 0 170 0.98 6.77 170 18.76 11.03
PROMIS-PF20 298 70.0 54–86 20 100 0.97 3.19 80 8.83 11.04
DASH23 270 33.0 18–55 0 92 0.97 4.02 92 11.14 12.11
PROMIS-PF10 305 33.0 26–41 10 50 0.95 2.21 40 6.13 15.32
MDHAQ 307 0.9 0.38–1.63 0 3 0.91 0.19 3 0.54 17.82
PROMIS-PF6 308 20.0 14–25 6 30 0.94 1.59 24 4.42 18.42
SF-36-PF 882 35.0 15–60 0 100 0.92 7.41 100 20.53 20.53
HAQ 1,589 1.0 0.5–1.75 0 3 0.92 0.23 3 0.63 21.08
PROMIS-PF4 308 14.0 10–18 4 20 0.92 1.33 16 3.68 23.02
WHODAS-PF 296 12.0 4–24 0 52 0.94 6.28 52 17.40 33.47

* % SDD = % of operational range that is the SDD; DASH23 = 23-item Disabilities of the Arm, Shoulder, and Hand questionnaire; HAQ = Health
Assessment Questionnaire; IQR = interquartile range; MDHAQ = Multidimensional HAQ; NRS = numerical rating scale; PROMIS-PF4 = Patient-
Reported Outcomes Measurement Information System 4-item physical functioning domain; RAT = rating scale; SEM = standard error of
measurement; SF-36-PF = Medical Outcomes Study Short Form 36 health survey physical functioning domain; WHODAS-PF = World Health
Organization Disability Assessment Schedule physical functioning domain; WOMAC =Western Ontario and McMaster Universities Osteoarthri-
tis Index.
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physical functioning domain are the most efficient PROMs in that
only ~11% of the scale would need to be transited to get above
the error. In contrast, the HAQ would need to transit over one-fifth
of the PROM (21.1%) or the WHODAS physical functioning
domain one-third (33.5 %) to get above the error. In other words,
a 15% score change in the HAQ cannot be statistically detected
but would be veiled by measurement error, whereas such a
change in the WOMAC physical functioning domain can be
already detected as statistically significant change.

Fit of the PROMs to the Rasch model is shown in
Table 4. The 4 PROMIS physical functioning domain sets
and the SF-36 physical functioning domain had their scores
reversed to be consistent with the other PROMs, so that a
high score indicates poor functioning. Each row is a pairwise
fit of the HAQ plus one other scale until the final row brings
together a number of scales (core set), avoiding putting scales
together that are close replicates of one another. All pairs of
scales showed fit to the Rasch model, represented by a non-
significant CTF, and all pairs were unidimensional. Some DIF
was observed and tested to see if this gave rise to signifi-
cantly different person estimates. Substantive DIF was absent
at the pairwise level; for example, the WOMAC rating scale
showed a paired t-test significance of 0.83. In the 6-PROM
core scale bank, the country-based DIF for the WOMAC rat-
ing scale was still present. Nevertheless, the effect size of
the differences (between the unadjusted and adjusted analy-
ses) was just 0.07, and thus considered to be negligible (31).

Given that all the PROMs tested fit, the assumptions of the
Rasch model, a transformation table was created. Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24503/abstract,
shows the exchange rates between the 11 PROMs tested
(i.e., including the 4 forms of the PROMIS; the HAQ and MDHAQ;

and 2 forms of the WOMAC-PF) using the interval-scaled daily
activities metric as the link. A high score on this reference metric
represents low ability to perform tasks and, conversely, a low
score represents high ability. The HAQ and MDHAQ were scored
in their usual way of 0–3, and the 4 PROMIS short forms and the
SF-36 physical functioning domain scores were reversed so that
a high score represented few, if any, limitations in daily activities.
For example, a HAQ score of 0.75 was associated with a reference
metric score of 43.44, as were a WOMAC rating scale score of 17,

Table 4. Fit of scales to the Rasch model*

Fit of
the HAQ Reliability

Conditional
test of fit P

Unidimensionality
t-test† DIF present

Substantive
DIF No.

WOMAC RAT 0.80 0.4504 0.69 Age and country – 290
WOMAC NRS 0.93 0.1408 1.36 – – 150
DASH23 0.96 0.9910 3.08 Sex – 266
PROMIS-PF20 0.98 0.9999 5.44 (LCI 3.7) – – 294
PROMIS-PF10 0.96 0.9933 4.01 – – 299
PROMIS-PF6 0.93 0.8095 3.36 – – 304
PROMIS-PF4 0.91 0.8601 3.10 – – 290
SF-36-PF 0.88 0.5783 1.96 Country – 776
WHODAS 0.75 0.9933 0.37 Age and sex – 295
Core scale bank 0.87 0.1218 – Country – 1,665
Ideal values >0.7 >0.05 <5.0 (LCI <5.0) Absent Absent –

* DASH23 = 23-item Disabilities of the Arm, Shoulder, and Hand questionnaire; DIF = differential item functioning; HAQ = Health Assessment
Questionnaire; LCI = lower confidence interval; NRS = numerical rating scale (range 0–10); PROMIS-PF4 = Patient-Reported OutcomesMeasure-
ment Information System 4-item physical functioning domain; RAT = rating scale (range 0–4); SF-36-PF = Medical Outcomes Study Short Form
36 health survey physical functioning domain; WHODAS = World Health Organization Disability Assessment Schedule; WOMAC = Western
Ontario and McMaster Universities Osteoarthritis Index.
† % at >0.05 (LCI).

-5 -4 -3 -2 -1 0 1 2 3 4 5

Figure 2. Operational widths of scales on the interval-scaled
daily activities metric. DASH23 = 23-item Disabilities of the Arm,
Shoulder, and Hand questionnaire; HAQ = Health Assessment
Questionnaire; MDHAQ = Multidimensional Health Assessment
Questionnaire; PROMIS-PF4 = Patient-Reported Outcomes Mea-
surement Information System 4-item physical functioning domain;
REF Met = reference metric; SF-36-PF = Medical Outcomes Study
Short Form 36 health survey physical functioning domain;
WHODAS-PF = World Health Organization Disability Assessment
Schedule physical functioning domain; WOMAC-PF = Western
Ontario and McMaster Universities Osteoarthritis Index physical
functioning domain.
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a DASH23 score of 28, and an SF-36 physical functioning domain
score of 55. If there was no direct match, the nearest score was
taken (e.g., a PROMIS physical functioning domain score of 20
of 77, and a WHODAS physical functioning domain score of 13).
Even where there is no direct match, the link will be accurate within
less than one-tenth of a logit. To facilitate access to the reference
metric, Supplementary Table 1 (available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24503/abstract) is presented as an
Excel (Microsoft) supplementary file. Thus, readers can choose to
select just those PROMs relevant to their current analysis to obtain
the interval-scaled daily activities metric or compare PROM scores,
or both.

Figure 2 shows the operational ranges of the scales in logits
along with the interval-scaled daily activities metric. Most scales
measure a similar range, i.e., within �2 logits, with only slight
variations. These variations manifest also in the transformation
Table (see Supplementary Table 1, available at http://online
library.wiley.com/doi/10.1002/acr.24503/abstract) where, for
example, the SF-36 physical functioning domain has the lowest
reference metric of all the scales, with 14.20 for its score of
100, but only achieves a metric level of 67.45 for its score of
0. Thus, its orientation is slightly to the more able end of the daily
activities metric.

DISCUSSION

Many of the most widely used PROMs in RA involve the mea-
surement of activities of daily living, sometimes referred to as
physical function, and are consistent with ICF chapters d4 Mobil-
ity, d5 Self-care, and d6 Domestic Life. In this study, 11 PROMs
were shown to map onto a daily activities metric, and each pair
of PROMs, with the HAQ as a common PROM comparator,
showed fit to the Rasch model and unidimensionality. A core set
of 6 PROMs also showed such fit. Given that the PROMs all mea-
sure a similar range on the daily activities metric, other factors
such as the SEM and SDD can be used to differentiate between
PROMs when selecting which to use in clinical practice or
research. For example, the selected items of the DASH23 for
upper limb therapy and research, the WOMAC rating scale ver-
sion for lower limbs, and the PROMIS 20-item physical function-
ing domain for general use would seem to be the better choices
among these PROMs. Of particular concern is the SDD of the
HAQ, indicating that it is less than optimal for detecting a differ-
ence compared to other PROMs.

The approach to use just the total scores of the PROMs as
items to fit the Rasch model is relatively new (17). Under the
Rasch model, sufficiency is explicitly on the total score of the per-
son for the person parameter, and the total score for the item for
the item parameter (32). Here, the item is a PROM, and thus the
total score for the PROM (summed over all persons) estimates
the scale parameter. Increasingly, studies are published that
examine the potential of standardized reporting by linking

commonly used questionnaires (33,34). The present study differs
from these studies, as the calibration model used here delivers
estimates that are independent of the distribution upon which
the calibration is based. Such a calibration model requires param-
eter separation between persons and items (35), which is consis-
tent with applying the Rasch model, as in the current study. Under
these circumstances, and given the same frame of reference
(e.g., health condition group), clinicians and researchers can have
confidence that the transformations (by using, for example, a
transformation table) apply to their own sample, involving the
same frame of reference. Nevertheless, given the availability of dif-
ferent studies linking commonly used questionnaires to enable
comparability using item response theory (IRT) and Rasch mod-
els, it remains to be investigated to compare the performance of
these different approaches.

The limitations of the study arise from a number of technical
issues related to the application and interpretation of the results.
For example, current software constraints limit the operational
range of an item (in the case of RUMM2030) to 100 categories.
Thus, the WOMAC numerical rating scale, with a range
of 170, had to be divided by 1.7 and rounded for fit to the model
and then expanded again for comparability purposes. The use
of the transformation Table (see Supplementary Table 1, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24503/abstract)
itself is also constrained to where there are complete data,
although recent work has shown that if necessary, imputation of
missing data (missing completely at random or at random) will
not affect the interpretation of fit to the Rasch model (36). Missing
data at the scale level are treated in the same way as in item-
based analysis; that is, estimates are based on the information
available (i.e., the scale is treated as missing for that case), but
missing data are always an indicator of the validity of the scale in
a given population irrespective of the analytical strategy chosen.
The sample size, while adequate for the Rasch model application,
nevertheless is modest compared with other equating studies
using different IRT approaches (33,34), but the latter require much
larger sample sizes for their chosen models.

The strengths of the study come from the content compara-
bility checks based on the ICF and the confirmation of unidimen-
sionality of the item sets through the Rasch model. The model
itself has sufficiency of the person score, such that the only infor-
mation required is the total score for the person (32). Thus, clini-
cians and researchers can simply add up the responses to a set
of items and have access to the daily activities metric through
the transformation table (see Supplementary Table 1, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24503/abstract).
The link to the ICF is also consistent with the latest requirements
for eHealth informatics, such that data are recorded based on
international standards, with the ICF being one of these (15). As
such, the approach supports standardized reporting, as there is
no need to create new PROMs unless there is a sound reason
for doing so (e.g., poor psychometrics in the target population).
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The scale banking also facilitates comparability of data and results
of clinical trials (e.g., through meta-analysis) and patient registries.

In conclusion, many scales used to assess the impact of RA
involve PROMs that ascertain the level of difficulty across a range
of everyday activities as described in chapter d4 Mobility, d5 Self-
care, and d6 Domestic Life in the ICF. Data from a mix of the most
commonly used PROMs in RA have shown that they consistently
map onto these chapters. Fit of their data to the Rasch model has
shown that in a pairwise fashion, and with a core set of 6 PROMs,
the data satisfied the Rasch model expectations, making their total
scores comparable via an interval-scaled daily activities metric.
Descriptive analysis of the scales suggested that, given similar
operational ranges on the metric, some PROMs displayed much
lower SDDs in relation to their operational range, which will have
implications for sample size requirements and detection of change.
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Identifying Minimal and Meaningful Change in a
Patient-Reported Outcomes Measurement
Information System for Rheumatoid Arthritis:
Use of Multiple Methods and Perspectives

Susan J. Bartlett,1 Anna Kristina Gutierrez,2 Kathleen M. Andersen,3 Vivian P. Bykerk,4 Jeffrey R. Curtis,5

Uzma J. Haque,2 Ana-Maria Orbai,2 Michelle R. Jones,2 and Clifton O. Bingham III2

Objective. Rheumatoid arthritis (RA) is chronic, painful, disabling condition resulting in significant impairments in
physical, emotional, and social health. Our objective was to use different methods and perspectives to evaluate the
responsiveness of Patient-Reported Outcomes Measurement Information System (PROMIS) short forms (SFs) and to
identify minimal and meaningful score changes.

Methods. Adults with RA who were enrolled in a multisite prospective observational cohort completed PROMIS
physical function, pain interference, fatigue, and participation in social roles/activities SFs, the PROMIS 29-item form
(PROMIS-29), and pain and patient global assessment, and rated change in specific symptoms and RA (a little versus
lot better or worse) at the second visit. Physicians recorded joint counts, physician global assessment, and change in
RA at visit 2. We compared mean score differences for minimal and meaningful improvement/worsening using patient
and physician change ratings and distribution-based methods, and we visually inspected empirical cumulative distri-
bution function curves by change categories.

Results. The 348 adults were mostly female (81%) with longstanding RA. Using patient ratings, generally 1–3-point
differences were observed for minimal change and 3–7 points for meaningful change. Larger differences were
observed with patient versus physician ratings and for symptom-specific versus RA change. Mean differences were
similar among SF versions. Prespecified hypotheses about change in PROMIS physical function, pain interference,
fatigue, and participation and legacy scales were supported.

Conclusion. PROMIS SFs and the PROMIS-29 profiles are responsive to change and generally distinguish
between minimal and meaningful improvement and worsening in key RA domains. These data add to a growing body
of evidence demonstrating the robust psychometric properties of PROMIS and supporting its use in RA care, research,
and decision-making.

INTRODUCTION

Rheumatoid arthritis (RA), the most common form of

chronic inflammatory arthritis, affects up to 1% of adults (1,2).

The joint pain, swelling, and damage associated with RA greatly

affect physical, emotional, and social health, and significantly

impair health-related quality of life (HRQoL) (3–5). People with

RA commonly experience transient increases in disease activity

and episodes of disease flares that may necessitate a change in

treatment.
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Patient-reported outcomes can help to quantify how people feel
and function, and how well treatment attenuates symptoms and
functional impacts. An important characteristic of patient-reported
outcomes is their responsiveness or ability to detect small changes
in symptoms associated with both improving and worsening RA.

Different terms are used to define the amount of change in a
patient-reported outcome that is detectable, perceptible, or mean-
ingful to people with a health condition. The smallest detectable
change is change beyond measurement error as estimated by the
SE of the mean (SEM). The minimally important difference (MID) is
the mean difference estimated in relation to external anchors
(e.g., patient assessments of feeling a little better or a little worse)
or with statistical distributions (i.e., 0.2 or 0.5 SD) (6,7). Conversely,
the minimum clinically important difference (MCID) is the change
that patients, clinicians, and other stakeholders view as meaningful
(e.g., a lot better or a lot worse) (8,9). MCIDs are often used to
decide whether treatment is sufficiently controlling RA inflammation
and thus symptoms and functional impacts both for individual
patients, in clinical trials, and in comparative effectiveness studies.

The Patient-Reported Outcomes Measurement Information
System (PROMIS) is a family of measures developed using
advanced psychometric methods to precisely and reliably assess
physical, emotional, and social health across chronic conditions
(10). PROMIS measures have been calibrated to the general US
clinical population and use a common T score metric (mean � SD
50 � 10) across scales to facilitate interpretation. Higher scores
reflect more of the symptom/function measured. We have

previously shown that PROMIS can reliably and precisely capture
symptoms and functional impacts that people with RA say affect
everyday life and HRQoL (11–14). In this study, we used multiple
methods to evaluate the responsiveness of selected PROMIS
short forms (SFs) and the PROMIS 29-item form (PROMIS-29)
profile and to identify minimal and meaningful score changes from
the perspective of patients and clinicians, using statistical distribu-
tions, and in relation to indicators of RA disease activity.

PATIENTS AND METHODS

Study design. We used data from the first 2 visits of a pro-
spective observational cohort study of adults with RA receiving care
at academic arthritis centers at Johns Hopkins, the Hospital for Spe-
cial Surgery, and the University of Alabama at Birmingham from
October 2015 to December 2017. Patients completed patient-
reported outcomes on tablets in the waiting room and then met with
their treating rheumatologist. The study was conducted with central
oversight from the Johns Hopkins Institutional Review Board
(IRB_00059930) and institutional review boards at each site. All partic-
ipants provided written informed consent.

Participants. Adults age ≥18 years who met the 2010
American College of Rheumatology (ACR)/European Alliance of
Associations for Rheumatology criteria for RA (15) and were fluent
in English were eligible to participate. Exclusion criteria were hav-
ing other forms of inflammatory arthritis or medical or psychiatric
problems (e.g., receiving treatment for cancer or severe depres-
sion) that would preclude participation.

Outcomes. Patient-reported outcomes. PROMIS SFs
included physical function (20a, version 1.0), pain interference (8a,
version 1.0), fatigue (both 7a and 8a, version 1.0), ability to participate
in social roles and activities (8a, version 2.0, “Participation”), and the
adult profile 29 (version 2.0) (www.healthmeasures.net). Patients also
completed a pain numeric rating scale (NRS; range 0–10) where
higher values reflect more pain. The patient global assessment, an
11-point NRS (“Considering all the ways arthritis affects you, how
well are you doing today”: 0 = very well to 10 = very poorly) (16)
and an RA change rating (“Compared to your last visit would you
say that your arthritis is: a lot better, a little better, the same, a little
worse, a lot worse”). Symptom-specific change ratings were also
obtained for physical function, pain interference, fatigue, and

SIGNIFICANCE & INNOVATIONS
• Patient-Reported Outcomes Measurement Informa-

tion System (PROMIS) measures can be used to follow
relevant rheumatoid arthritis (RA) symptoms
over time.

• 1–3 points generally reflect the change in PROMIS
scores when RA patients report feeling “a little bet-
ter” or “a little worse.”

• 3–5 points reflect meaningful worsening of PROMIS
pain interference, fatigue, physical function, and
participation, whereas meaningful improvements
for physical function and participation were 2–4
points and for pain interference and fatigue were
up to 7 points.

• Patient estimates of meaningful change were approx-
imately twice as large when using symptom-specific
versus generic anchors of change.
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participation (“Compared to your last visit, would you say your
[symptom] is: a lot better, a little better, the same, a little worse, a lot
worse”).

Physician-reported outcomes. Physicians provided a count of
the number of swollen and tender joints (from a total of 28), a physi-
cian global assessment (0–10) with higher scores representing
higher levels of RA disease activity, and an RA transition question
(“Compared to the last visit would you say that your patient’s arthri-
tis is: a lot better, a little better, the same, a little worse, a lot worse”).

Clinical Disease Activity Index (CDAI). The CDAI (17), a com-
posite index of disease activity, was calculated for each visit. CDAI

is widely used to classify patients by RA disease activity level
(remission: ≤2.8, low: 2.8 to ≤10, moderate: 10 to ≤22, and high:
>22), which guide treatment decisions.

Responsiveness. We examined responsiveness based on
a priori hypothesized changes in PROMIS and legacy scores
(18,19). We used Cohen’s descriptors, where r of |0.5 to 1.0|,
|0.3 to 0.5|, and |0.1 to 0.3| are suggestive of strong, moderate,
and weak relationships, respectively (20). We hypothesized that
the following relationships with PROMIS SFs would be observed:
1) mean scores on SFs and corresponding PROMIS-29 domains

Table 1. Baseline characteristics of participants (n = 348)*

All HSS (n = 82) JH (n = 217) UAB (n = 49)

Age, years 57 � 14 56 � 15 56 � 14 60 � 10
Female sex, % 81 85 80 78
Race, %
American Indian or Native Alaskan 2 <1 3 –

Asian 5 9 9 –

Black 14 11 13 20
White 77 71 79 80
Other 2 2 2 –

Declined 2 6 <1 –

Education more than high school, % 79 91 76 73
Employment, %
Full time 36 44 35 27
Part time 8 6 9 6
Retired 23 26 25 12
Disabled because of RA 22 14 19 49
Other 11 9 12 6

Urban residence 80 90 76 82
RA duration, years 14 � 11 13 � 12 13 � 10 17 � 12
Patient global disease activity (0–100) 30 � 27 27 � 23 32 � 28 28 � 27
Patient global disease activity (0–10) 3.2 � 2.6 2.7 � 2.3 3.2 � 2.8 3.8 � 2.5
Swollen joints (0–28) 2.5 � 3.5 2.0 � 3.1 2.8 � 3.6 2.1 � 3.5
Tender joints (0–28) 2.2 � 3.8 1.4 � 3.3 2.2 � 3.5 3.9 � 5.2
Physician global assessment (0–10) 1.9 � 1.9 3.0 � 2.1 1.5 � 1.5 2.0 � 2.3
Clinical Disease Activity Index (0–76) 10.3 � 7.9 10.2 � 6.9 10.1 � 7.7 11.6 � 10.1

* Values are the mean � SD unless indicated otherwise. HSS = Hospital for Special Surgery; JH = Johns Hopkins;
RA = rheumatoid arthritis; UAB = University of Alabama at Birmingham.

Table 2. Mean group difference in PROMIS scores by symptom change categories at visit 2 as reported by patients*

A lot better A little better Same A little worse A lot worse

Value Δ SD Value Δ SD Value Δ SD Value Δ SD Value Δ SD

Physical function
20a 18 (6) 2.5 7.6 33 (12) 2.8 4.6 166 (59) 0.6 4.0 46 (17) –1.4 3.8 18 (6) –3.4 5.3
4a 18 (6) 3.9 7.8 33 (12) 2.5 4.8 166 (59) 0.1 4.6 45 (17) –1.8 4.4 18 (6) –2.3 6.5

Pain interference
8a 34 (12) –6.1 7.3 51 (18) –1.1 6.1 113 (39) –0.8 5.9 60 (21) 1.8 6.5 26 (10) 2.7 7.4
4a 34 (12) –6.2 8.3 50 (18) –1.1 6.4 112 (39) –0.4 6.2 59 (21) 1.7 6.6 26 (10) 3.3 7.5

Fatigue
7a 19 (7) –5.9 8.5 37 (13) –2.6 7.5 138 (49) 0.0 6.4 62 (22) –0.3 76.5 27 (10) 4.3 8.3
8a 19 (7) –6.1 10.2 37 (13) –2.7 7.1 138 (49) –0.3 7.1 62 (22) 1.3 6.9 27 (10) 5.6 11.0
4a 17 (7) –6.8 9.9 37 (13) –3.3 8.2 138 (49) –0.4 7.4 60 (22) 1.2 7.2 27 (10) 5.2 11.5

Participation
8a 20 (7) 2.2 8.0 36 (13) 2.2 4.9 163 (58) 0.3 5.6 44 (16) –1.6 5.3 18 (6) –6.1 9.1
4a 20 (7) 2.7 8.1 35 (13) 2.2 5.4 163 (58) 0.1 5.6 43 (16) –1.2 5.2 17 (6) –6.2 9.2

* Values are the number (%) unless indicated otherwise. We used the statement, “Compared to your last visit, would you say that your pain/
fatigue/physical function/participation is…a lot better/a lot worse.” The percentage reflects the proportion of total participants in each change
category. PROMIS = Patient-Reported Outcomes Measurement Information System.
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will be strongly and positively correlated at the first visit; 2) mean
differences in pain interference and pain NRS will be moderately
to highly correlated; 3) mean differences in physical function and
pain NRS will be moderately to highly and inversely correlated; 4)
mean differences in pain interference, physician global assess-
ment, and CDAI score will be very weakly to weakly correlated;
5) mean difference in physical function, physician global assess-
ment, and CDAI score will be very weakly to weakly and inversely
correlated; 6) mean differences in pain interference, fatigue, and
patient global assessment will be moderately to strongly corre-
lated; 7) mean differences in participation and patient global
assessment will be moderately to strongly and inversely corre-
lated; 8) mean differences in fatigue, physician global assess-
ment, and CDAI score will be very weakly to weakly correlated;
and 9) mean differences in participation, physician global assess-
ment, and CDAI score will be very weakly to weakly and inversely
correlated.

Statistical analysis. Descriptive statistics were calcu-
lated to summarize patient characteristics and study

outcomes. We calculated Pearson’s correlations to assess
relationships among PROMIS SF versions. To identify MIDs,
we calculated the mean group differences for each domain at
the second visit using patient (RA and symptom) and physician
(RA) ratings of a little better or a little worse at the second visit
(6). To identify MCIDs, similar methods were used based on
patient and physician ratings of a lot better or a lot worse.
We also calculated mean group differences in traditional RA
clinical indicators (joint counts, physician global assessment,
patient global assessment, pain NRS, and CDAI score). We
also identified the mean group differences associated with
0.2 (2-point) and 0.5 (5-point) SD change and calculated the
SEM to identify score changes exceeding measurement error
(6,7,19,21). We generated empirical cumulative distribution
function (eCDF) curves to visually examine discrimination
among patient-reported categories for symptoms and RA
change categories.

Analyses were completed using SPSS software, version
26.0, and eCDF curves were constructed using Stata software,
version 16.0.

Figure 1. Empirical cumulative distribution function curves illustrating change in Patient-Reported Outcomes Measurement Information System
scores by patient symptom-specific categories. A, Physical function 20a by physical function change; B, Pain interference 8a by pain change; C,
Fatigue 8a by fatigue change; and D, Fatigue 7a by fatigue change.
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RESULTS

Participant demographic characteristics. Participants
were 348 middle-aged adults, mostly female (81%), who had been
diagnosed with RA an average of 14 years earlier. Participants
were diverse with respect to race, ethnicity, education, RA
duration, and current disease activity (Table 1). Baseline demo-
graphic and sociodemographic characteristics of the analytic
sample (i.e., participants with at least 1 follow-up visit,
n = 284) were similar to the overall cohort (data not shown). At
baseline, most were in CDAI low disease activity (56%) or min-
imal disease activity (30%); 6% were in remission, and 8% in
high disease activity. The mean � SD time between visits was
4.6 � 2.4 months, and 90 participants (26%) reported a
change in RA medications at visit 2.

PROMIS scores. Mean PROMIS scores at both visits are
shown in Supplementary Table 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24501/abstract. At visit 1, participants reported impairments
in physical function and pain interference. Fatigue, participation,
anxiety, depression, and sleep disturbance scores were within
0.5 SD of the population normative range (e.g., 45 to 55).

Distribution-based assessments. Using a cut point of
0.2 SD (2 points), 35–73% reported an MID in PROMIS scores
(see Supplementary Table 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24501/abstract); using a cut point of 0.5 SD (5 points),
14–35% reported an MCID. SEMs were similar across
domains and averaged 1–2 points (see Supplementary
Table 2, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24501/abstract); the highest SEMs (i.e., lowest precision)
occurred in patients in either remission or high disease activity.

Patient ratings: minimal and meaningful change.
Change in specific symptoms. Mean group differences in PRO-
MIS scores by symptom-specific change categories are shown
in Table 2 and Supplementary Figure 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24501/abstract. Although PROMIS scores changed
in the expected directions, the mean differences varied across
domains, SFs, and by direction (worsening versus improvement).
When patients rated their pain interference and fatigue a lot better,
scores were approximately 6–7 points lower, while a lot worse
was associated with mean differences of 3–6 points. A large
change was also seen when participation was rated as a lot
worse, where scores dropped 6 points. Conversely, scores gen-
erally increased 2–4 points when patients rated participation and
physical function a little better or a lot better. eCDF curves by
symptom change categories are shown in Figure 1.

Change in RA. At the second visit, 42% of patients rated their
RA as the same at the second visit, 28% reported improvement,
and 30%worsening; individuals reporting that their RA was worse

Table 3. Mean group difference in PROMIS scores by RA change categories at visit 2 as reported by patients*

A lot better (13%) A little better (15%) Same (42%) A little worse (21%) A lot worse (9%)

Domain No. Δ SD No. Δ SD No. Δ SD No. Δ SD No. Δ SD

PROMIS short forms
Physical function
20a 37 2.6 6.7 43 0.5 3.7 118 1.1 4.2 60 –1.3 4.0 26 –2.7 4.8
4a 37 2.4 7.1 43 1.4 4.0 118 0.0 5.1 60 –0.9 4.6 25 –2.0 5.8

Pain interference
8a 38 –4.2 7.9 43 –2.3 5.7 118 –0.8 6.2 61 2.3 6.1 26 2.3 7.6
4a 37 –4.0 9.1 43 –2.6 5.7 118 –0.4 6.6 60 2.1 6.0 25 2.8 7.7

Fatigue
7a 38 –1.6 9.4 43 –1.5 7.4 118 –0.3 7.0 61 1.0 6.2 26 1.3 7.5
8a 38 –2.1 9.4 43 –1.7 9.0 118 0.1 7.6 61 1.0 5.0 26 3.0 11.4
4a 37 –2.6 9.5 43 –2.3 9.0 118 0.1 8.1 60 0.6 5.6 25 2.6 12.0

Participation
8a 38 2.1 6.3 43 1.5 5.6 118 –0.3 5.6 61 –0.5 6.4 26 –4.5 8.4
4a 37 2.6 6.8 43 1.9 5.5 118 –0.4 5.9 60 –0.6 5.9 25 –4.4 8.1

Depression 4a 37 –1.5 6.4 43 –1.5 6.1 118 –0.1 5.0 60 1.5 6.1 25 1.8 5.2
Anxiety 4a 37 –1.1 7.0 43 –2.4 6.6 118 0.0 7.4 60 1.1 6.4 25 1.3 6.6
Sleep 4a 37 –1.3 8.5 43 –1.6 5.4 118 0.5 5.8 60 –1.6 6.8 25 –0.3 7.4

Clinical indicators
CDAI 37 –2.6 8.0 42 –1.9 5.6 113 0.2 5.0 62 2.3 9.4 24 7.0 12.5
Patient global (0–10) 38 –0.8 1.8 43 –0.7 2.3 117 0.2 2.3 61 0.5 2.1 25 0.8 2.4
Pain (0–10) 37 –0.8 2.4 43 –0.8 2.0 119 –0.2 2.0 62 0.8 1.7 26 1.1 2.4
Physician global (0–10) 38 –0.7 2.1 43 –0.5 1.2 118 –0.1 1.3 62 0.8 1.8 25 0.9 2.3
Swollen joints (28) 38 –0.7 3.2 44 –0.8 2.9 119 0.0 3.4 63 0.3 4.2 26 2.3 6.3
Tender joints (28) 38 –0.8 4.3 44 –0.5 2.5 118 0.0 2.1 63 1.3 5.5 26 2.5 6.7

* CDAI = Clinical Disease Activity Index; PROMIS = Patient-Reported Outcomes Measurement Information System; RA = rheumatoid arthritis.
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since the last visit were more likely to also report that their medica-
tion had been changed at visit 2 (P < 0.02). Using RA transition
categories, changes in PROMIS scores were lower than
those seen using symptom-specific anchors (Table 3 and Supple-
mentary Figure 2, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24501/
abstract). Generally, patients who reported that their RA was the
same had stable PROMIS scores (i.e., a mean difference of ≤|1|
point). Participants who said they were a little better generally
had a mean difference of 2–3 points. Patients who reported that
their RA was a little worse had a mean difference of 1–3 points.
When participants rated their RA as a lot worse, the largest
changes were for pain interference (>4 points), physical function,
and pain interference (2–3 points). When patients rated their RA
a lot better, pain interference improved ≥4 points. Notably, when
patients rated their RA as a lot better or a lot worse, mean anx-
iety, depression, and sleep scores were stable and generally
within 2 points of visit 1 scores. eCDF curves by patient-
reported RA change categories are shown in Figure 2 and

Supplementary Figures 3 and 4, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24501/abstract.

Physician ratings: minimal and meaningful change.
Score changes in relation to physician RA transition categories
are shown in Table 4 and Supplementary Figure 5, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24501/abstract. At the second visit,
patients and rheumatologists rated a similar proportion of patients
as worsening; physicians were more likely to rate patients as the
same or a little better (whereas patients were more likely to rate
their RA as a lot better). The largest differences occurred when
pain interference and fatigue were rated as a lot better and fatigue
and participation were rated a lot worse (≥3 points). Mean differ-
ences were generally ≤2 points when physicians rated their
patients a little better and <1 point for a little worse, except the
4-item fatigue scale, where mean scores increased nearly
3 points. As seen with patient ratings of change, the anxiety,
depression, and sleep scores were mostly stable when

Figure 2. Empirical cumulative distribution function curves illustrating change in Patient-Reported Outcomes Measurement Information System
scores by RA change categories. A, Physical function 20a by change in RA; B, Pain interference 8a by change in RA; C, Fatigue 8a by change in
RA; and D, Fatigue 7a by change in RA.
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physicians rated RA as improving or worsening, except when RA
was a lot worse for depression (3 points) and a lot better for sleep
impairment (–3.6 points).

Responsiveness results. Overall, the hypothesized chan-
ges in PROMIS and legacy scores for physical function, pain
interference, fatigue, and participation were supported (see
Supplementary Table 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24501/
abstract). Scores on different SF versions assessing the same
domain were highly correlated, except for the 20- and 4-item ver-
sions of physical function, which were moderately associated.
Changes in pain interference, physical function, fatigue, and par-
ticipation were moderately strongly correlated with changes in
pain NRS and patient global assessment, but weakly correlated
with physician global assessment and CDAI score.

DISCUSSION

This is the first study to compare minimal and meaningful
change scores for PROMIS physical function, pain interference,
fatigue, and participation SFs, as well as the PROMIS-29 adult
profile, from multiple perspectives and using several methods in
a prospective observational RA cohort. We also compared the
responsiveness of several versions of PROMIS SFs within
domains. When using patient anchors, which are widely viewed
as most relevant (6), we found that 1–3 points was generally the
change in PROMIS scores when patients reported they were a

little better or a little worse. Meaningful change (MCID) was asso-
ciated with at least a 3–5-point change for worsening fatigue, pain
interference, participation, and physical function. These findings
extend earlier work supporting the validity and reliability of PRO-
MIS measures in RA (11–14).

Assessing pain and function is recommended in the ACR RA
core set of measures for clinical trials and as part of ongoing care
(22,23). Fatigue assessment also has been recommended (24)
and is important when assessing disease flares (3,24). Participa-
tion provides information about active engagement in meaningful
life situations. Minimal change scores are often used to evaluate
new therapies and for comparative effectiveness studies. Mean-
ingful change is often used to establish that a new treatment is
working; when RA inflammation is adequately controlled, a
change in treatment may be needed. Overall, triangulating mean-
ingful change scores among patient, clinician, RA indicators, and
score distributions yielded similar results, and mean score differ-
ences were larger for patient MIDs and MCIDs than for physi-
cians’. Meaningful change estimates were largest for worsening
participation (6 points), and improved pain interference and
fatigue (6 points) when patients used symptom-specific anchors.
Importantly, patient estimates of meaningful change were approx-
imately twice as large when we asked how their symptom had
changed versus asking how their RA had changed. This finding
suggests that using changes in disease to derive MIDs andMCIDs
may not be generalizable to specific symptoms, as this may
yield conservative estimates, which in turn would overestimate
the proportion of individuals experiencing meaningful change.

Table 4. Mean group difference in PROMIS scores by RA change categories at visit 2 as reported by rheumatologists*

A lot better (5%) A little better (21%) Same (49%) A little worse (18%) A lot worse (7%)

No. Δ SD No. Δ SD No. Δ SD No. Δ SD No. Δ SD

Physical function
20a 14 2.4 5.8 59 –0.1 4.3 138 0.8 4.6 49 0.0 5.4 19 –2.0 4.0
4a 14 0.8 4.7 59 0.4 5.0 138 0.1 5.5 49 0.7 5.8 18 –2.1 3.5

Pain interference
8a 15 –5.1 5.9 59 –1.9 6.0 138 –0.5 6.8 50 0.9 7.3 19 2.7 6.3
4a 14 –5.4 7.3 59 –1.6 6.5 138 –0.3 6.9 49 0.9 8.2 18 2.9 6.0

Fatigue
7a 15 –3.1 4.1 59 –2.1 8.0 138 0.5 7.4 50 –0.6 6.5 19 2.6 7.0
8a 15 –3.5 4.6 59 –2.1 8.0 138 0.5 7.7 50 –0.2 7.7 19 4.9 10.9
4a 14 –5.2 4.4 59 –2.8 7.9 138 0.7 8.0 49 –0.6 8.5 18 4.8 11.5

Participation
8a 15 1.3 4.9 59 1.0 6.8 138 –0.5 6.3 50 0.2 6.4 19 –3.8 5.4
4a 14 1.0 4.9 59 1.4 7.5 138 –0.6 6.0 49 0.4 6.3 18 –3.9 5.7

Anxiety 4a 14 –0.6 6.8 59 –1.2 6.9 138 0.0 7.4 49 0.5 6.4 18 1.0 6.6
Depression 4a 14 –1.5 6.8 59 –2.2 5.6 138 0.6 5.7 49 0.2 4.9 18 3.0 4.9
Sleep 4a 14 –3.6 8.5 59 –0.4 5.4 138 –0.2 6.3 49 –1.4 7.6 18 1.6 6.6
CDAI† 14 –8.9 9.3 59 –2.9 5.6 136 –0.4 4.9 52 5.6 8.9 19 12.9 7.0
Patient global 15 –0.9 2.1 59 –0.8 2.1 137 0.1 2.2 50 0.2 1.8 18 1.8 2.9
Pain VAS 15 –0.9 1.9 58 –0.8 2.2 140 –0.1 1.9 50 0.5 2.1 19 1.5 2.3
Physician global 14 –2.4 1.7 61 –0.7 1.5 141 –0.1 1.1 52 1.2 1.6 20 2.2 1.7
Swollen joints (28) 15 –3.9 4.4 61 –0.9 2.8 144 –0.2 3.2 52 2.0 4.6 19 4.1 4.0
Tender joints (28) 15 –3.8 4.9 61 –1.1 2.6 143 –0.1 3.0 52 2.3 4.4 19 6.8 4.9

* CDAI = Clinical Disease Activity Index; PROMIS = Patient-Reported Outcomes Measurement Information System; RA = rheumatoid arthritis;
VAS = visual analog scale.
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Interestingly, the convention of using a 0.5 SD change (5 points on
PROMIS scales) in the absence of empirical evidence of respon-
siveness most closely approximated meaningful change from the
patient’s perspective using symptom-specific anchors.

As expected, MIDs and MCIDs were generally similar among
SF versions and across perspectives and methods. Notably,
MIDs and MCIDs were similar between the 4-item SFs incorpo-
rated in the PROMIS-29 profile as compared to longer SFs. We
have previously shown that the 7 domains captured in the
PROMIS-29 profile address the major determinants of HRQoL in
people with RA (3). Thus, our results support the use of
PROMIS-29 as a screening tool to monitor HRQoL in people with
RA and other chronic diseases over time (25). Although more
items improve the precision of point estimates, particularly in
those patients with low and high disease activity, increased mea-
surement precision offered by the longer profiles and SF profiles
must be weighed against concerns regarding feasibility and bur-
den to respondents.

This is also the first study we are aware of that graphically
examines PROMIS in relation to patient-reported changes in RA
and specific symptoms using eCDF curves. Generally, the curves
of patients who said they were a lot better or a lot worse were dis-
tinct from those reporting that they were a little better or worse or
the same. Using symptom-specific ratings also resulted in better
discrimination as compared to asking about RA change between
visits. Within PROMIS domains, longer forms generally had better
separation of curves compared to briefer SFs that had fewer
items.

Fatigue is common in RA and is often one of the first indica-
tors of an impending flare (26). We compared the responsiveness,
MIDs, and MCIDs of 7- and 8-item PROMIS fatigue measures.
Although these 2 SFs are distinct (i.e., contain nonoverlapping
items), both have evidence of content and construct validity in
RA (12,13). The 7- and 8-item SFs also had similar MIDs and
MCIDs, although mean differences were numerically larger for
the 8-item version. eCDF curves also suggested that both ver-
sions could discriminate minimal frommeaningful change, lending
additional support to their utility to monitor fatigue over time in RA.

To examine responsiveness, we also evaluated changes in
traditional RA clinical indicators and observed that changes in
CDAI score and joint counts were largest when using the physi-
cian change categories. This finding is not surprising since clini-
cians often base treatment decisions on the results of joint
counts and their global impression of disease activity, 3 of 4 com-
ponents of the CDAI. When physicians rated patients as feeling “a
lot better,” CDAI score dropped –9 points; similarly, when
patients were rated as feeling “a lot worse,”CDAI score increased
13 points. Notably, the mean difference in CDAI that we observed
was larger than MCIDs previously recommended (i.e., –6 points
when starting with moderate disease activity, and 2 points for
worsening when starting in remission/low disease activity) (27).
The change in CDAI score when using patient reports of feeling

“a lot better”was –2.6 points, whereas “a lot worse”was 7 points.
Others have also noted asymmetry of MCIDs for meaningful
improvement versus worsening (28). Meaningful improvement or
worsening of the patient global assessment and pain NRS using
patient ratings of change averaged ~1 point. However, mean dif-
ferences on these traditional patient indicators for a little versus a
lot better or a little worse versus a lot worse were similar, suggest-
ing that these widely used single-item rating scales cannot
discriminate between minimal and meaningful change.

Our results are similar with those previously reported for
PROMIS MIDs in RA and oncology. Hays et al reported MIDS of
approximately 2 points for the PROMIS 20-item physician func-
tion SF in RA patients (21). In patients with high disease activity
starting a new treatment, changes in PROMIS computer adaptive
tests for pain interference and fatigue were 4–5 points, values
slightly less than those we observed when patients and rheuma-
tologists said they were a lot better for these domains (29). In
people with cancer, MIDs for PROMIS using anchor- and
distribution-based methods were: 7-item fatigue (3–5 points),
10-item pain interference (4–6 points), 10-item physical function
(4–6 points), and anxiety and depression (3–4.5 points). PROMIS
score changes in people with cancer approached or exceeded
those we observed in RA patients when they said they were feel-
ing a lot better or a lot worse in our study (30).

Strengths of the present study include the diversity of partic-
ipants across geographic, sociodemographic, and RA character-
istics. Many patients reported a change in their RA at the second
visit; these reports were supported by changes in traditional dis-
ease activity indicators. We compared results for minimal and
meaningful change using patient, clinician, and clinical anchors,
and we compared estimates using symptom-specific and the
more generic (and widely used) RA change categories. We used
eCDF curves to visualize scores associated with patient change
categories, a technique recently recommended by the US Food
and Drug Administration (31).

There are also limitations. We did not evaluate change in
response to an intervention shown to be effective (internal respon-
siveness), although we did note that patients reporting a change
in treatment at the second visit were more likely to report worsen-
ing patient-reported outcomes. Notably, however, our estimates
for patients experiencing a lot of improvement were similar to
those reported in an RA interventional study for several domains
(29). In our study, patients were receiving guideline-based treat-
ment at academic medical centers, and many had limited disease
activity and low levels of symptoms. Data were collected at
routinely scheduled clinic visits, and the time between visits was
variable. Participants were enrolled in an observational cohort
and were familiar with completing patient-reported outcomes at
visits. Responsiveness would possibly differ in patients with early
disease versus more established disease; however, we did not
have large enough numbers of patients experiencing significant
changes to examine this possibility.
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In summary, from different perspectives and using multiple
methods in a real-world cohort of RA patients seen in clinical
practice, we evaluated how PROMIS SFs and PROMIS-29 profile
scores changed in relation to changes in specific symptoms, RA
status, and traditional indicators of disease activity. Study results
suggest that meaningful change is associated with a 3–7-point
change on PROMIS physical function, pain interference, fatigue,
and participation SF scores and PROMIS-29 profile domains.
Although the PROMIS-29 includes only 4 items per domain, our
results suggest it is sensitive to small changes and could help
monitor the key determinants of HRQoL in people with RA; longer
SFs result in better discrimination. These findings contribute to the
growing body of evidence supporting the use of PROMIS SFs in
RA care, regulatory decisions, clinical trials, and comparative
effectiveness studies. Our results provide a framework for clini-
cians to use in interpreting scores as PROMIS becomes increas-
ingly incorporated across health care settings. Awareness of the
changes in PROMIS T scores that constitute meaningful change
in RA symptoms and functional impacts can help patients and cli-
nicians decide whether a current treatment is adequately addres-
sing their RA and helping improve HRQoL and contribute to
shared medical decision-making.
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Global Rural and Remote Patients With Rheumatoid
Arthritis: A Systematic Review

Emilie Pianarosa,1 Kelsey Chomistek,2 Ralph Hsiao,3 Salman Anwar,4 Valerie Umaefulam,2 Glen Hazlewood,2

and Cheryl Barnabe2

Objective. Rural and remote patients with rheumatoid arthritis (RA) are at risk for inequities in health outcomes
based on differences in physical environments and health care access potential compared to urban populations. The
aim of this systematic review was to synthesize epidemiology, clinical outcomes, and health service use reported for
global populations with RA residing in rural and remote locations.

Methods. Medline, Embase, HealthStar, the Cumulative Index to Nursing and Allied Health Literature (CINAHL),
and the Cochrane Library were searched from inception to June 2019 using librarian-developed search terms for RA
and rural and remote populations. Peer-reviewed published manuscripts were included if they reported on epidemio-
logic, clinical, or health service use outcomes.

Results. Fifty-four articles were included for data synthesis, representing studies from all continents. In 11 studies
in which there was an appropriate urban population comparator, rural and remote populations were not at increased
risk for RA; 1 study reported increased prevalence, and 5 studies reported decreased prevalence in rural and remote
populations. Clinical characteristics of rural and remote populations in studies with an appropriate urban comparator
showed no significant differences in disease activity measures or disability, but 1 study reported worse physical func-
tion and health-related quality of life in rural and remote populations. Studies reporting on health service use provided
evidence that rural and remote residence adversely impacts diagnostic time, ongoing follow-up, access to RA-care–
related practitioners and services, and variation in medication access and use, with prominent heterogeneity noted
between countries.

Conclusion. RA epidemiology and clinical outcomes are not necessarily different between rural/remote and urban
populations within countries. Rural and remote patients face greater barriers to care, which increases the risk for
inequities in outcomes.

INTRODUCTION

As rheumatology care providers, we are unified in our goals

to deliver high-quality care and implement effective evidence-

based approaches to secure optimal outcomes for patients who

have evolving and established rheumatic diseases. Rural and

remote population groups are acknowledged to be at risk for

health inequities as a result of avoidable variations in social, politi-

cal, cultural, and economic structures (1), and not only due to

inequalities in disease distribution and outcomes alone. The

PROGRESS-Plus framework assists in conceptualizing which

population groups are at risk for inequities (2,3) and includes con-

sideration of place of residence. Geography introduces risk for

inequities in health outcomes for individuals with rheumatic dis-

ease residing in rural and remote locales based on differences in

physical environments, social and economic capital, and health

care access compared to urban populations. Identifying these

inequities and implementing solutions and service enhancements

to mitigate geographic influences on rheumatoid arthritis

(RA) outcomes is a priority. Some factors to consider when

Supported by the CIHR (Institute of Musculoskeletal Health and Arthritis
Undergraduate Summer studentship toMs. Pianarosa), the Alberta Children’s
Hospital (graduate award to Ms. Chomistek), the University of Calgary (Eyes
High Postdoctoral scholarship to Dr. Umaefulam), a CIHR Canada Research
Chair (Tier 2) in Rheumatoid Arthritis and Autoimmune Diseases, and the
CIHR Foundation Scheme (grant FDN-143284 to Dr. Barnabe).

1Emilie Pianarosa: Queen’s University, Kingston, Ontario, Canada; 2Kelsey
Chomistek, BA, MSc, Valerie Umaefulam, PhD, Glen Hazlewood, MD, Cheryl
Barnabe, MD: University of Calgary, Calgary, Alberta, Canada; 3Ralph Hsiao,

MSc: University of Alberta, Edmonton, Alberta, Canada; 4Salman Anwar, MD:
University of Saskatchewan, Saskatoon, Saskatchewan, Canada.

No potential conflicts of interest relevant to this article were reported.
Address correspondence to Cheryl Barnabe, MD, Departments of Medi-

cine and Community Health Sciences, Cumming School of Medicine, Univer-
sity of Calgary, 3330 Hospital Drive NW, Calgary, Alberta T2N 4N1, Canada.
Email: ccbarnab@ucalgary.ca.

Submitted for publication May 26, 2020; accepted in revised form
November 10, 2020.

598

Arthritis Care & Research
Vol. 74, No. 4, April 2022, pp 598–606
DOI 10.1002/acr.24513
© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or
adaptations are made.

https://orcid.org/0000-0003-3761-237X
mailto:ccbarnab@ucalgary.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24513&domain=pdf&date_stamp=2022-02-22


determining appropriate solutions include the significant distance

between provider location and affected population distribution

(4–7), the lack of a comprehensive understanding of existing out-

comes for rural populations (8), and the acceptance of care mod-

els that bridge gaps in care using technology (9) and advanced

skill practitioners (10). These solutions and enhancements need

to be informed by a complete understanding of existing needs

and gaps in RA care for rural and remote populations.
The aim of this systematic review was to synthesize epidemi-

ology (incidence, prevalence, mortality), clinical outcomes (indices
of disease activity and severity, patient-reported outcomes), and
health service use (primary care visits, specialty care visits, hospi-
talizations, surgeries, medication access) reported for global
populations with RA residing in rural and remote locations. This
evidence will illuminate knowledge gaps, identify risk and
resource factors to consider for care delivery, and inform clinical
practice and policymaking.

MATERIALS AND METHODS

Search strategy and selection criteria. We conducted
a systematic review with a broad search strategy applied to iden-
tify data for 3 separate outcomes (epidemiology, clinical out-
comes, and health service use). Two search term filters were
developed with the assistance of a systematic review methodolo-
gist. The population filter was developed to identify studies of
inflammatory arthritis conditions. The second filter was developed
to identify rural and remote studies specifically addressing health
services, inequities, accessibility, and geographic health inequal-
ities. Determination of rural and remote populations would have
been made by the study’s authors, reflecting their local situation
and classification for these terms. Subject headings relating to
rural health, rural health services and centers, and rural popula-
tions were modified or exempted as appropriate per database.
The search filters were combined with the Boolean operator
‘AND’ and with an English language restriction, which is the pri-
mary language of all study team members (the search terms are
available in Supplementary Table 1 on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24513). We performed the search using medical databases

including Medline (1946 to June 2019), Embase (1980 to June
2019), the Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL; 1996 to June 2019), HealthStar (1966 to June
2019), and the Cochrane Library (1996 to June 2019). Refer-
ences were extracted to a reference manager (EndNote X9.3.2,
Clarivate Analytics), and reference duplicates were removed
manually. We included all types of published studies (excluding
conference abstracts) that reported on any of the epidemiologic,
clinical, and health service utilization outcomes of interest. Epide-
miologic outcomes included incidence and prevalence esti-
mates. Clinical outcome measures could reflect disease activity
measures, patient-reported outcomes, and clinical phenotyping.
Health service utilization outcomes included, but were not
restricted to, diagnostic delay, provider and service utilization,
and medication utilization. We included studies with stand-alone
rural and remote data and data from studies with an appropriate
urban population comparator. For the present work, we reported
on RA studies exclusively due to length constraints.

Data analysis. Three reviewers independently screened
title and abstracts (SA screened the full set; EP and RH each
screened one-half of the set). A third reviewer resolved disagree-
ments (EP or RH, as appropriate). EP and RH independently per-
formed the full-text review with consultation of a third reviewer
(CB) upon disagreement. The authors independently abstracted
data from studies deemed eligible in the full-text review. EP and
KC abstracted data from one-half of the set, RH and SA from
the other half of the set. CB reviewed and confirmed the entire
data extraction. Each pair of authors came to a consensus on
extractable data for each of the 3 outcomemeasures: clinical, epi-
demiologic, and health service utilization.

All included studies were appraised for quality using the
Study Quality Assessment Tools developed by the National Heart,
Lung, and Blood Institute (11). Extraction tables for case–control,
cross-sectional designs and observational cohorts were used as
appropriate. Quality assessment was performed by EP and VU.

RESULTS

Study characteristics. The search generated 1,160 arti-
cles after removal of duplicates, and 138 articles were selected
for full-text review (Figure 1). From these, 54 articles were included
for data synthesis (12–65) and are described in Supplementary
Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24513, with some
studies reporting ≥1 outcome of interest. In total, 35 studies
described an epidemiology outcome (n = 32 prevalence and
n = 4 incidence), 15 described RA clinical characteristics of rural
or remote populations, and 15 studies reported on health service
utilization. In most cohort studies, patients met classification criteria
appropriate to the study period (i.e., Rome criteria, American Col-
lege of Rheumatology [ACR] 1987 criteria, or the ACR/European

SIGNIFICANCE & INNOVATIONS
• Epidemiologic and clinical outcomes in rheumatoid

arthritis are similar between rural and remote and
urban communities.

• Rural and remote communities face barriers to
health service access impacting length of diagnostic
time, ongoing follow-up, and allied health support.

• Variations in medication access are of uncertain
consequence but may result in outcome inequities.

RA IN RURAL AND REMOTE POPULATIONS 599

https://doi.org/10.1002/acr.24513
https://doi.org/10.1002/acr.24513
https://doi.org/10.1002/acr.24513


Alliance of Associations for Rheumatology 2010 criteria for RA
[66,67]) or had a clinical diagnosis conferred; in administrative
data sources, case classification was by diagnosis codes. Defini-
tion of rurality was determined by location of residence, with some
studies specifying the number of inhabitants in the region of study,
geography (e.g., distance to a major city) or using descriptors
such as postal codes or urbanization classifications. Studies from
all continents were identified. Quality assessment found that of the
54 included studies, 21 were reported as good-quality, 28 fair-
quality, and 3 poor-quality studies. Two studies could not be
assessed for quality (23,33).

Epidemiology outcomes (incidence rates). Four stud-
ies reported crude incidence rates. In a German population, inci-
dence was reported as a proportion, with 0% of male patients
and 6% of female patients developing RA over a 5-year observa-
tion period (21). In 2 rural Bangladesh populations, the rate was
0.48 per 100 person-years (95% confidence interval [95% CI]
0.27–0.85) (30) and 0.12 per 100 person-years (95% CI 0.1–0.7)
(65). In a Taiwanese population, the incidence rate was estimated
at 0.02 per 100 person-years (95% CI 0.02–0.3), which was not
significantly different from that of the comparator urban popula-
tion (relative risk 1.04 [95% CI 0.87–1.24], P = 0.67) (35).

Epidemiology outcomes (prevalence rates). A total of
32 studies reported crude or adjusted prevalence rates with esti-
mates ranging from 0 to 1.13% (12–29,31–34,37–46) (Figure 2;

detailed table available as Supplementary Table 3, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24513/abstract). In studies in which there
was an appropriate urban population comparator, rural or remote
populations were not at increased risk for RA (n = 11 studies)
(14,16–20,24,25,29,37,41), whereas 1 study reported increased
prevalence (13), and 5 studies reported decreased prevalence
(12,22,28,34,43) in rural populations. Two studies from Taiwan
contrasted RA prevalence in rural and urban populations. The
study by Yang et al did not identify significant differences in the
risk of RA by location of residence (35), whereas in a case–
control study design by Chiang et al, there were lower odds of
RA in rural residents (odds ratio [OR] 0.76 [95% CI 0.61–0.95],
P = 0.021) (36).

Patient-reported outcomes and function. The impact
of RA on rural and remote populations through function, assistive
needs, and quality of life was described in 10 studies. In rural
Chile, patients had a 2-fold increased odds of moderate-to-
severe disability relative to urban residents, although this was
not statistically significant (OR 2.12 [95% CI 0.71–6.34]) (48). In
the rural municipality of Chankom, Mexico, and in Southwest
China, 59% of RA patients were reported to have disability using
the Health Assessment Questionnaire (HAQ) (15,51). Two studies
describe functional impairments in a rural Finnish population;
nearly all patients were classified as having class II or class III func-
tion according to the ACR 1987 criteria for RA (66) and using the

Figure 1. Study selection flow chart.
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HAQ functional disability index, two-thirds had mild or moderate
disability, and ~10% were severely disabled (49). The Keitel func-
tion test, which is a range of motion test reflecting the degree of
functional limitation of joints and specific assessment of hand
function, was completed in a Finnish population, with 10% of
patient scores indicating severe impairment, primarily driven by
hand dysfunction (50). In a study from Zimbabwe, rural and urban
patients had similar HAQ scores, duration of morning stiffness,
and proportion with joint deformities (54), whereas in Senegal,
the proportion of rural patients with specific hand deformities
was similar to those from urban residence (53). Darmawan and
colleagues provided a description of grip strength, functional
grade, and duration of morning stiffness in a small sample of RA
patients from urban and rural Indonesia, with no significant differ-
ences between groups (37). Gong’s study from China reported
results of the Short Form 36 health survey physical component
summary (PCS) score and mental component summary (MCS)
score and total scores as an indication of health-related quality
of life (HRQoL), with rural patients having significantly lower PCS
and HRQoL scores, but with no difference in MCS compared to
urban patients (52). In a Canadian study of patients initiating their
first biologic medication, HAQ scores, fatigue, and patient global
scores were reported for rural and urban population comparisons
using 2 different determinations for rural status (by postal code

and by Statistics Canada population center), with no significant
differences between populations (47).

Disease activity. Relatively few studies have reported dis-
ease activity in rural and remote populations. Darmawan provided
erythrocyte sedimentation rate results for 8 rural Indonesian
patients, which were similar to those of 3 urban patients (37).
The proportion of patients with ≥3 joints affected by active dis-
ease was similar between rural and urban Zimbabwean patients
(54). Disease Activity Score in 28 joints (DAS28) scores and swol-
len joint counts were similar between rural and urban patients in
Senegal (53), and tender and swollen joint counts, DAS28 scores,
Clinical Disease Activity Index scores, and physician global evalu-
ation scores did not differ between rural and urban Canadian
patients (47).

Extraarticular manifestations and comorbidities.
The frequency of rheumatoid nodules, vasculitis, lung fibrosis,
and secondary Sjögren’s syndrome did not differ between rural
and urban RA patients in Zimbabwe (54). Rural patients in
Senegal more frequently had extraarticular manifestations (70%
versus 49% urban) when considering sicca syndrome, nodules,
fever, lymph nodes, interstitial lung disease, and hematologic or
neurologic complications of RA (53). In a Han Chinese population,

Figure 2. Prevalence estimates of rheumatoid arthritis in global rural and remote populations (crude data only). * = average of estimates in male
and female groups of <45 and >45 years of age. ** = average of estimates in male and female groups of age-adjusted estimates; *** = average of
estimates in male and female groups; **** = age- and sex-adjusted estimate. Map by FreeVectorMaps.com (https://freevectormaps.com/world-
maps/WRLD-EPS-02-0009?ref=atr).
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note was made that none of the patients had rheumatoid nodules
(32). Rural Canadian patients did not have a higher mean number
of comorbidities compared to urban patients (47).

Radiographic changes. Several studies reported the
frequency of erosive changes that were present on radio-
graphs (26,27), with some providing grades of change (32,45)
or a radiographic erosion mean score (49) without a comparison
population. In studies with an urban comparison group, all
Indonesian patients, whether rural or urban, had erosive
changes (37), and there was not a significant difference in the
proportion of rural and urban patients with erosions in the Cana-
dian study (47) or Zimbabwe study (54).

Serology. Several studies reported the frequency of rheu-
matoid factor in rural populations without a comparison popula-
tion (26,27,32,43,45). Rheumatoid factor positivity was not more
frequent in rural populations of Canada (47), Senegal (which
also included anti–citrullinated protein antibody testing) (53),
Zimbabwe (which also included antinuclear antibody, Ro, and La
antibody testing) (54), or Indonesia (37).

Diagnostic delay. Rural patients from Saudi Arabia had a
significantly longer time to diagnosis than urban patients, at a
mean � SD of 37.0 � 17.1 months compared to a mean � SD
of 27.8 � 14.9 months (P < 0.01) (64). The study from Senegal
reported no difference in time to diagnosis (45 versus 50 months,
rural versus urban; P = 0.21) (53). In a Canadian study, rural resi-
dence was associated with lower odds of being seen by a rheu-
matologist within 3 months of suspected diagnosis in the crude
model; however, this did not remain significant in the adjusted
model for patient demographic characteristics, clinical factors,
primary care physician characteristics, provider continuity, and
geographic characteristics (OR 0.92 [95% CI 0.83–1.01]); how-
ever, remote distance (>100 km to a rheumatologist) was signifi-
cant in both crude and adjusted models (adjusted OR [ORadj]
0.51 [95%CI 0.41–0.64]) (55). In a study of rural Austrian patients,
the median time to diagnosis was 7–12 months, with 57% having
to consult 2–3 physicians before a diagnosis was made and 73%
of patients diagnosed by rheumatologists (61).

Health service access. In a Scottish study, rural and urban
patients had a similar number of musculoskeletal interventions
(either joint aspirations or joint surgeries) over follow-up, although
the length of follow-up in each group was not specified in the pub-
lication (18). In an American Medicare cohort, rural residents had
higher odds of undergoing hand or wrist arthroplasty or arthrode-
sis (OR 1.31 [95% CI 1.04–1.66]) and tendon reconstructive pro-
cedures (OR 1.92 [95% CI 1.19–3.09]) (59). Hakala described the
frequency of hospital contact due to RA (57% in preceding
2 years), general practitioner contact due to RA (83% in preced-
ing 2 years), and frequency of joint replacement surgery (20%) or

orthopedic operations (66%) in a rural Finnish population (49).
An Austrian study described the path to diagnosis for rural
patients, with the majority (80%) having accessed their general
practitioner for their initial RA symptoms, with 13% directly seek-
ing care from a rheumatologist, and with 57% of patients having
to consult 2–3 physicians before their diagnosis was made (61).
The use of general practitioner and rheumatology outpatient ser-
vices in Estonia has been described, with rural patients seeking
RA care from their general practitioner significantly more fre-
quently (ORadj 2.84 [95% CI 1.63–4.95]) and from a rheumatolo-
gist significantly less frequently (ORadj 0.55 [95% CI 0.33–0.90])
than patients in the capital region (60). In Ontario, Canada, crude
estimates suggested that rural patients were less likely to receive
rheumatology care at 6 and 12 months, although the adjusted
models were not statistically significant; however, remote dis-
tance (>100 km to a rheumatologist) was significant (6-month
ORadj 0.28 [95% CI 0.24–0.33]; 12-month ORadj 0.33 [95% CI
0.26–0.43]) (55). A study from Saskatchewan, Canada, employed
structured interviews to explore rural patients’ experiences of
availability of primary care, specialty care, and allied health profes-
sionals and services, including perceptions of accessibility, afford-
ability and accommodation. Primary care availability was seen as
a limitation for 28% of participants, with 27% of participants
reporting traveling >4 hours to their rheumatologist. Allied health
services were difficult to access, and of the 53% who accessed
physical therapy, one-half waited >1 month for the consultation.
This was even more pronounced for occupational therapy, which
26% accessed, but 71% of patients waited >1 month, and 72%
traveled outside the community for occupational therapy services,
including 33% having to travel >2 hours. Distance to laboratory
services impacted the completion of regular monitoring, and
access to radiologic services and pharmacies was also difficult.
Environmental barriers such as weather events and road quality
impacted maintaining appointments for 67% of participants,
and transportation availability and financial impacts were also
reported (57).

Medication access. A Finnish study reported that 66% of
rural patients were treated with disease-modifying antirheumatic
drug (DMARD) therapy, with the time from symptom onset to first
DMARD being 2.4 years, and with 34% exposed to glucocorti-
coids, 18% treated with nonsteroidal antiinflammatory drugs
alone, and 6% not receiving treatment (49). In Austria, 44% of
rural patients took daily glucocorticoids, 61% were taking metho-
trexate, and 38% were receiving biologics (61). Urban and rural
patients in Scotland had similar frequency of DMARD therapy
(70% and 77%, respectively) and prednisone exposure (31%)
(18). In 2 studies, compliance with treatment for RA was mea-
sured. In a Canadian cohort, rural residence and distance
>25 km between patient residence and clinical site were not
associated with the time to discontinuation of antirheumatic med-
ications (hazard ratio [HR] 1.13 [95% CI 0.88–1.45] and HR 1.13
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[95% CI 0.93–1.38], respectively), nor were these associated with
time to discontinuation of conventional synthetic and biologic
DMARDs specifically (HR 1.16 [95% CI 0.78–1.72] and 1.24
[95% CI 0.91–1.70]) (56). In an Egyptian cohort, rural residence
was associated with lower adherence to medications and
appointments (OR 12.4 [95% CI 1.2–128.7]) (63). Access to bio-
logic therapy has been investigated in several studies. In
Romania, rural patients had significantly lower access to biologics
within their territory (74.1%) compared to urban patients (83.1%)
(62). In an American study, rural residence increased the probabil-
ity of initiation of biologic therapy once individual and contextual
factors were considered (HR 1.96 [95% CI 1.28–2.99]) (58). In
Taiwan, although there were no significant differences in exposure
to methotrexate, non-methotrexate DMARDs, antiinflammatory
drugs, or non–tumor necrosis factor inhibitor (TNFi) biologics
between most and least urbanized populations, those in less
urbanized areas were less frequently treated with TNFi (1.3% ver-
sus 2.3%; P = 0.04) (36). In a Canadian study, rural patients were
more frequently taking oral steroids (27.3% versus 20.0%), but liv-
ing in a rural area had no significant impact on the first type of bio-
logic DMARD used (TNFi or non-TNFi) nor route of administration
compared to urban residents. However, if the clinical site the
patients attended to receive care was in a rural area, the patients
were significantly more likely to be started on a TNFi biologic than
a non-TNFi one (ORadj 3.79 [95% CI 1.06–13.5]) and more likely
to be started on subcutaneous therapy rather than intravenous
therapy (ORadj 0.06 [95% CI 0.01–0.41]), with adjustment for
sex, age, smoking, disease duration, function, concurrent use of
antiinflammatory drugs, academic affiliated site, time period, and
number of comorbidities (47).

DISCUSSION

This systematic review aimed to be comprehensive so as to
provide a sufficient understanding of disease distribution, burden,
and health service gaps existing for rural and remote populations
with RA informative for health system leadership, especially where
no jurisdictional-level data may be available. Overall, the preva-
lence of RA does not appear to be increased in rural populations,
nor was the severity of RA in these populations. However, the
data on clinical outcomes are limited, highlighting a great need
for more robust and contemporary data, and in particular, report-
ing variability within countries in the context of population-level
regional risk and prognostic factors and available health services
and their quality. Although the contemporary Canadian study
(47) may be reassuring in that clinical outcomes are not substan-
tially different between rural, remote, and urban patients in a uni-
versal health care access setting, this study does represent
patients enrolled in a particular registry, and results may not be
generalizable to all clinical settings in Canada, and specifically
other countries facing lower income levels. The identified data in
fact support significant heterogeneity between countries, making

interpretation of descriptive data of rural and remote results diffi-
cult when no urban comparator data were presented. Data from
developing countries suggest that disability is highly prevalent in
rural populations, but likely the determination of this does not
attend to cultural differences in activities between populations
and may reflect situations exacerbated by difficulties with access
to supportive allied health services and assistive devices.

Our review does confirm that it is more difficult to secure
appropriate health service access, including physician services
for the studied rural and remote populations. Access issues
create diagnostic delays and interruptions in the continuity of
follow-up and reassessment care, and longitudinal studies are
necessary to determine the true impact of these disruptions. Var-
iation in medication access for rural and remote populations
between countries was also confirmed through our review, pre-
dominantly reflecting reduced availability. The impact of variability
in selection of route of administration, with a preference for subcu-
taneous routes for rural and remote patients, may be negligible in
observed disease outcomes but is worth querying through exist-
ing cohort studies.

We challenge health system leadership to implement struc-
tures and policies to support better outcomes in rural and remote
populations. Access to health services is a recognized determi-
nant of health, which presents the opportunity for actionable strat-
egies and approaches to resolve inequities in care delivery and
ensure that all populations can access timely and appropriate
health care. Innovations in health care delivery including telehealth
(9) and deployment of advanced skilled allied health professionals
(10) are realistic solutions if sufficiently supported through infra-
structure and remuneration. Rheumatology specialists are
encouraged to build relationships and alliances with primary care
providers in remote locations who would be critical components
of these particular models. In-person distributed care, such as
through outreach clinic models (68) or through enhanced recruit-
ment of rheumatology trainees from rural and remote locations,
may be another effective strategy to provide in-person services
in rural and remote locales. Health information infrastructure is a
key component to resource, serving to assist with health service
model planning and ensuring high-quality care delivery.

We recognize limitations of this review. The search strategy
required exclusive use of search terms specifying ‘rural’ in subject
headings, as the databases used have not yet included search
terms for ‘remote’ within subject headings. Determination of rural
or remote residence is not homogeneous globally and reflects
country-specific realities for population distribution. Although we
included ‘rural’ terms in our supplementary searches, we did not
specifically identify studies in which particular populations are
overrepresented in rural and remote locations. For instance, data
pertaining to rural indigenous populations would have been
excluded from identification because indigenous search terms
were not explicitly included. In considering the nature of a review,
publication bias poses a risk. Government data sources,
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dissertations, or gray literature sources for unpublished research
results were not specifically explored to supplement the medical
database–driven search. Variation in prevalence estimates may
reflect differences in case ascertainment methods, and outcomes
related to clinical aspects of RA may have been limited by the fact
that measurement tools have not been developed or adapted for
various languages and cultures. The vast year difference of the
included studies may not reflect contemporary influences and
paradigms, while the small sample size in large countries may be
misrepresentative of its true population, thereby limiting the
modern-day generalizability of our study findings. Covariates,
such as sociodemographic factors or comorbidities that influence
risk for RA trajectory or disease status, were not considered when
synthesizing results. This situation may overrepresent causal
pathways and conclusions drawn from the analysis.

In conclusion, RA epidemiology and clinical outcomes are
not necessarily different between rural/remote and urban popula-
tions; however, rural and remote patients consistently face
greater barriers to care, which increases the risk for inequities in
outcomes.
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Changes in Body Weight and Knee Pain in Adults With Knee
Osteoarthritis Three-and-a-Half Years After Completing
Diet and Exercise Interventions: Follow-Up Study for a
Single-Blind, Single-Center, Randomized Controlled Trial

Stephen P. Messier,1 Jovita J. Newman,1 Matthew J. Scarlett,1 Shannon L. Mihalko,1 Gary D. Miller,1

Barbara J. Nicklas,2 Paul DeVita,3 David J. Hunter,4 Mary F. Lyles,2 Felix Eckstein,5 Ali Guermazi,6

Richard F. Loeser,7 and Daniel P. Beavers2

Objective. To determine whether long-term diet (D) and exercise (E) interventions, alone or in combination (D+E),
have beneficial effects for older adults with knee osteoarthritis (OA) 3.5 years after the interventions end.

Methods. This is a secondary analysis of a subset (n = 94) of the first 184 participants who had successfully com-
pleted the Intensive Diet and Exercise in Arthritis (IDEA) trial (n = 399) and who consented to follow-up testing. Partici-
pants were older (age ≥55 years), overweight, and obese adults with radiographic and symptomatic knee OA in at least
1 knee who completed 1.5-year D+E (n = 27), D (n = 35), or E (n = 32) interventions and returned for 5-year follow-up
testing an average of 3.5 years later.

Results. During the 3.5-years following the interventions, weight regain in D+E and D was 5.9 kg (7%) and 3.1 kg
(4%), respectively, with a 1-kg (1%) weight loss in E. Compared to baseline, weight (D+E –3.7 kg [P = 0.0007], D
–5.8 kg [P < 0.0001], E –2.9 kg [P = 0.003]) and Western Ontario and McMaster Universities Osteoarthritis Index pain
subscale scores (D+E –1.2 [P = 0.03], D –1.5 [P = 0.001], E –1.6 [P = 0.0008]) were lower in each group at the 5-year
follow-up. The effect of group assignment at the 5-year follow-up was significant for body weight, with D being less
than E (–3.5 kg; P = 0.04).

Conclusion. Older adults with knee OA who completed 1.5-year D or D+E interventions experienced partial weight
regain 3.5 years later; yet, relative to baseline, they preserved statistically significant changes in weight loss and reduc-
tions in knee pain.

INTRODUCTION

Osteoarthritis (OA) is the most common form of arthritis, the
knee is the most often affected weight-bearing joint, and over-
weight/obesity is a major and modifiable risk factor (1). For
3 decades, the obesity rate has increased such that 70% of the
US adult population is either overweight or obese (2), including a
similar proportion of adults with arthritis (3). Behavioral interventions
targeting diet-induced weight loss and exercise in older adults with

knee OA achieve an initial weight loss of at least 5%, resulting in
clinically important health benefits (4,5).

The difficulty in losing weight and preventing weight regain in
adults was documented in 1959, reinforcing the belief that the
path to permanent weight loss has challenging biologic
(e.g., decrease resting metabolic rate, increase appetite), psycho-
social (e.g., decreased self-efficacy, using food for comfort), and
environmental (e.g., large food portions, food availability) obsta-
cles (6–8). The difficulty in maintaining weight loss has changed
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little since those early studies. The National Institutes of Health

and the Obesity Society report that weight loss maintenance

remains the most challenging aspect of obesity treatment (9).

More than 62% of adults with obesity report having lost ≥10% of

body weight at least once, yet only 20% of overweight adults are

successful at maintaining aweight loss of 7–10% for at least 1 year

(7,10). Most individuals who lose weight regain most of their lost

weight within 5 years (11); however, improvements in physical

function may be preserved for at least 3 years (12).
Long-term weight-loss maintenance trials in individuals with

knee OA are uncommon. One attempt at maintenance of a 10%
reduction (8–11 kg) in baseline body weight resulted in a weight
regain of <2 kg at 3-year follow-up (13). While weight regain was
limited, the weight-loss maintenance phase included periods of
supervised weight-loss and booster sessions. Without periodic
supervision, there is little evidence that long-term weight-loss
maintenance in older patients, with and without knee OA, is suc-
cessful (12).

The Intensive Diet and Exercise for Arthritis (IDEA) trial found
a significantly greater reduction in knee pain consequent to a
1.5-year diet and exercise (D+E) intervention compared to either
intervention alone (14). The objectives of this follow-up study were
as follows: 1) to document the posttreatment regression or
improvement in clinical outcomes 3.5 years after completing diet
and exercise interventions, alone or in combination; 2) to quantify
the longitudinal changes from baseline to 5-year follow-up; and 3)

to determine whether the clinical outcomes at 5-year follow-up
were dependent on group assignment.

MATERIALS AND METHODS

Study design. The parent IDEA trial was a single-blind,
single-center, 1.5-year, randomized controlled trial conducted at
Wake Forest University and Wake Forest School of Medicine
between July 2006 and April 2011 (14). Randomization of partici-
pants (n = 454) was into 1 of 3 groups: D+E, Diet (D), or Exercise
(E). This follow-up study collected data 5 years (median
59 months; range 28–64 months) after initial IDEA randomization
(5-year follow-up), or an average of 3.5 years after completion of
the 1.5-year trial (1.5-year follow-up) (Figure 1).

Aside from the participants receiving their individual and
group results, there was no interaction between participants and
study personnel during the 3.5 years between follow-up visits.
The Human Subjects Committee of Wake Forest Health Sciences
approved the follow-up study. Informed consent was obtained
verbally and in writing from all participants between October
2011 and May 2012.

Study sample. The pool of potential participants was lim-
ited to the first 184 who completed the original IDEA trial, due to
funding and the availability of research personnel; 94 consented
to participate. Participants completed 1 in-person follow-up visit
to the clinic, with a phone interview as an alternate choice. Inclu-
sion criteria for IDEA at baseline included the following: Kellgren/
Lawrence grade 2 or 3 (mild or moderate) radiographic tibiofe-
moral OA or tibiofemoral plus patellofemoral OA of 1 or both
knees; pain on most days due to knee OA; a body mass index
(BMI) ≥27 kg/m2 and ≤41 kg/m2; and a sedentary lifestyle
(<30 minutes per week of structured exercise for the past
6 months). Exclusion criteria included the following: severe mani-
festations of coronary heart disease; knee or hip replacement;
age <55 years; receiving knee injections; participating in another
ongoing research study; current knee surgery; no knee pain; diffi-
culty with activities of daily living; treatment for cancer other than
skin cancer; leaving the area for >3 months; and consuming ≥21
alcoholic drinks per week.

Measurements and procedures. Archival data collected
at baseline and at the end of the IDEA 1.5-year trial (1.5-year
follow-up) were included with 1 follow-up visit an average of

SIGNIFICANCE & INNOVATIONS
• The normal trajectory for community-dwelling

older adults with knee osteoarthritis (OA) is one of
weight gain and a consistent knee pain profile. In
contrast, older adults with knee OA who completed
1.5-year diet or diet plus exercise interventions
experienced partial weight regain 3.5 years later,
yet relative to baseline, they preserved statistically
significant changes in weight loss and reductions in
knee pain.

• Taken together, these results suggest that diet
and/or exercise interventions are effective non-
pharmacologic treatments for older adults with
knee OA that can result in improved clinical out-
comes >3 years after the treatments end.

• These data imply that clinicians who treat patients
with knee OA have a variety of nonpharmacologic
options that preserve clinically important effects.

3.5 Years 

No interaction 
with study 

team

1.5-Year Follow-Up 
Testing 

End of Intervention

Start of 
Intervention

Baseline
Testing 

5 Year Follow-Up 
Testing 

1.5 Years 

Figure 1. The timeline of the Intensive Diet and Exercise in Arthritis (IDEA) randomized clinical trial of diet and exercise with follow-up testing.
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5-years from baseline (5-year follow-up). Body weight, BMI, waist
circumference, Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain and function subscales
scores, 6-minute walk distance results, and Physical Activity
Scale for the Elderly (PASE) scores were collected at 5-year
follow-up with the same procedures and research technicians
blinded to group assignment used in the IDEA trial. Participants
also answered a 24-item health-related questionnaire about
current and past tobacco and alcohol use and current comor-
bid conditions. Questions regarding health events that
occurred since completion of the IDEA trial included surgical
procedures such as knee replacements and knee injections
and the number and reasons for hospitalizations. Participants
also indicated whether they experienced intentional or uninten-
tional weight loss during the 3.5-year period following comple-
tion of the IDEA trial. Prespecified outcomes not included in
this analysis were Short Form 36 health survey and Short Phys-
ical Performance Battery scores.

Body weight (kg), BMI (kg/m2), and waist circumference (cm)
were measured using standard techniques. A 10% larger waist
circumference corresponds to a 1.5 times higher mortality over
the whole range of waist circumferences (15). The WOMAC pain
subscale (16) measures self-reported pain on a scale from
0 (none) to 4 (extreme) for the degree of pain experienced per-
forming daily living activities in the last 48 hours due to knee
OA. Total scores for the 5 items range from 0 to 20; higher scores
indicate greater pain. Participants who had undergone unilateral
total knee replacement surgery during follow-up recorded the
pain in their nonsurgical knee. TheWOMAC self-reported function
subscale includes 17 items that are added to generate a sum-
mary score ranging from 0 to 68; higher scores indicate poorer
function. The relative minimal clinically important improvement
from baseline for pain and function ([final – baseline] / baseline) is
20% (17). Six-minute walk distance (meters) was our measure of
clinical mobility. Changes exceeding 30.5 meters are considered
clinically meaningful (18). The PASE scale was used to estimate
activity levels with higher scores (range 0–400) indicating greater
activity (19).

Statistical analysis. These analyses utilized the complete
IDEA trial data set (baseline n = 454; 18 months n = 399) that
included the 94, 5-year follow-up participants who were
recruited from a pool of 184 participants who were the first to
complete the trial. Hence, all primary comparisons are adjusted
based on the main trial characteristics, making the findings less
likely to be affected by nonrandom processes contributing to
long-term study nonparticipation. To determine if the sample
at 5-year follow-up was representative of the potential pool of
the first 184 randomized IDEA participants and of the entire
IDEA cohort (n = 454), independent t-tests and chi-square tests
identified the differences among continuous and categorical
baseline characteristics. The effects of the interventions on

patient-reported outcomes were determined using mixed
model regression analyses with main effects of treatment
assignment, visit, and treatment by visit interaction, adjusted
for IDEA randomization stratification factors (sex and baseline
BMI) and baseline estimates of outcomes when available. Sta-
tistical analyses included all follow-up data from baseline mea-
surements, and visit-specific estimates were determined using
contrast statements. The intervention effects were reported
using mean estimates with 95% confidence intervals (95% CIs)
at each follow-up visit. Within-group changes from baseline to
5-year follow-up, and from 1.5-year follow-up to 5-year follow-
up, were reported using mean estimates and 95% CIs. Pairwise
comparisons assessed the differences between groups at the
5-year follow-up visit. Posttreatment assessment also included
the number of participants in each group who achieved ≥5%
or ≥10% weight loss at completion of the 1.5-year interventions
and at 5-year follow-up. A sensitivity analysis of the effect on
outcome measures of total knee replacement during the
3.5-year follow-up period was examined using analysis of
covariance with and without adjusting for total knee
replacement.

Additional sensitivity analyses used multiple imputation to
assess between-group treatment effects accounting for potential
bias due to missing data for all 454 randomized individuals in the
IDEA study. All statistical analyses were performed using SAS,
version 9.4 with a Type 1 error rate of 0.05 for overall treatment
and pairwise comparisons. Unadjusted within-group compari-
sons of body weight and WOMAC pain score at baseline and
1.5- and 5-year follow-up visits are presented using box and
whisker plots.

RESULTS

Of the first 184 IDEA participants who successfully com-
pleted 1.5-year testing, 94 (51%) consented to follow-up testing
3.5 years later or ~5 years from baseline (median 59 months;
range 27–64 months). The 90 participants who did not attend
a 5-year follow-up session were similar to the 94 participants
who attended, with the exception of age (mean � SD age of
those who did not attend 5-year follow-up 65.1 � 5.6 years;
mean � SD age of those who attended 5-year follow-up
67.4 � 6.1 years; P = 0.002) (Table 1). The distribution in number
(% female) was as follows: D+E 27 (78); D 35 (63); and E 32 (66).
Baseline body weight (D+E 93.0 kg, D 93.4 kg, E 92.3 kg) and
BMI (D+E 33.6 kg/m2, D 33.7 kg/m2, E 33.5 kg/m2) was not sta-
tistically different between the groups (Table 1). Thirteen partici-
pants completed the 5-year follow-up visit via phone with trained
study personnel; all others (n = 81) agreed to in-person testing
at the clinic. With the exception of age, the sample of 94 IDEA
follow-up participants was also representative of all 360 partici-
pants enrolled in the IDEA trial who did not undergo testing at
the 5-year follow-up (Table 1).
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Posttreatment regression and improvement. During
the 3.5-years following the interventions, 34 participants had at
least 1 knee injection, 10 (38%) in the D+E group, 15 (43%) in
the D group, and 8 (25%) in the E group (P = 0.29). In addition,
11 participants had unilateral total knee replacements, and 3 par-
ticipants (2 in the D+E group and 1 in the E group) had bilateral
replacements in a total of 17 total knee replacements (D+E
[n = 4], D [n = 8], and E [n = 5]; P = 0.67). The number (%) for
other knee joint surgeries was as follows: D+E 2 (7); D 3 (9), and
E 4 (13); P = 0.80. Table 2 includes additional comorbid condi-
tions that occurred during the follow-up period. Intentional
weight-loss attempts initiated during the follow-up period were
common in all groups (53 of 89; 5 did not answer): D+E (n = 14),
D (n = 19), and E (n = 20). Weight loss that occurred due to illness
(4 of 94 participants) was distributed as follows: D+E (n = 1), D
(n = 2), and E (n = 1).

Body weight increased during the 3.5-year follow-up period
in the D+E group by 5.9 kg (7%; P < 0.0001) and in the D
group by 3.1 kg (4%; P = 0.0006) but decreased in the E group
by –1.0 kg (1%; P = 0.25). Ninety-one percent of the D+E group
and 80% of the D group achieved a 5% weight loss at 1.5 years;
57% and 68%, respectively, maintained a 5% weight loss at the
5-year follow-up. A 10% weight loss was achieved by 71% of
the D+E group and 52% of the D group at 1.5 years; 19% and
36%, respectively, maintained a 10% weight loss at 5-year

follow-up. The E group increased the number of participants
who achieved a 5% weight loss from 18% at 1.5 years to 29%
at 5-year follow-up; a 10% weight loss was achieved by 7% of
the E group at the 1.5- and 5-year follow-ups (Table 3). BMI
increased in the D+E group (difference 2.2 kg/m2, P < 0.0001)
and the D group (difference 1.1 kg/m2, P = 0.0004) but
decreased in the E group (difference –0.4 kg/m2, P = 0.20). Waist
circumference increased in the D+E group (difference 8.4 cm,
P < 0.0001), the D group (difference 1.0 cm, P = 0.39), and in
the E group (difference 1.3 cm, P = 0.24) (Table 4).

WOMAC pain worsened significantly in the D+E group (differ-
ence 1.9, P = 0.0003) and remained unchanged in the D group
(difference 0.0, P = 0.96) and in the E group (difference 0.2,
P = 0.62). WOMAC function declined significantly in the D+E
group (difference 4.4, P = 0.005) but remained unchanged in
the D group (difference 0.7, P = 0.62) and in the E group
(difference 0.9, P = 0.55). There was a significant reduction in
6-minute walk distance across all groups between the end of
the 1.5-year intervention and 5-year follow-up: D+E group –99
meters (P < 0.0001), D group –57 meters (P < 0.0001), and E
group –64 meters (P < 0.0001). Physical activity levels regressed
during the 3.5 years following the intervention in the D group
(difference –26, P = 0.053) and in the E group (difference –26,
P = 0.004) but remained closer to 1.5-year follow-up levels in
the D+E group (difference –13, P = 0.19) (Table 4).

Table 1. Comparison of baseline characteristics of participants who returned for 5-year follow-up testing to characteristics of par-
ticipants who did not return for 5-year follow-up testing (either unwilling or could not be contacted) and all participants who were not
included in 5-year follow-up testing*

Variable

Returned for 5-year
follow- up

testing (n = 94)

Did not return for
5-year follow- up
testing (n = 90)† P‡

All participants not included
in 5-year follow-up
testing (n = 360) P§

Sex, female, no. (%) 64 (68) 66 (73) 0.44 261 (73) 0.31
Race, White, no. (%) 84 (89) 74 (82) 0.24 293 (82) 0.12
Age, years 67.4 � 6.1 65.0 � 5.6 0.006 65.1 � 6.1 0.002
Height, cm 166.2 � 9.7 164.7 � 8.8 0.29 166.0 � 9.0 0.82
Body weight, kg 91.7 � 14.4 91.9 � 13.8 0.93 93.2 � 14.8 0.36
BMI, kg/m2 33.1 � 3.3 33.8 � 3.6 0.17 33.7 � 3.8 0.11
Waist
circumference, cm

106.4 � 11.7 106.7 � 11.3 0.80 106.7 � 12.0 0.81

6-min. walk distance,
meters

484.6 � 76.9 471.1 � 87.6 0.28 470.9 � 89.0 0.17

Walk speed,
meter/second

1.20 � 0.19 1.17 � 0.20 0.39 1.21 � 0.18 0.60

WOMAC pain score
(0 [none] to 20
[extreme])

6.4 � 2.9 6.8 � 2.9 0.37 6.5 � 3.2 0.82

WOMAC function
score (0 [best] to 68
[worst])

24.2 � 10.7 26.3 � 10.6 0.19 24.2 � 10.9 0.95

PASE score (0 [low] to
400 [high])

116 � 57 107 � 48 0.25 114 � 51 0.71

* Values are the mean � SD unless indicated otherwise. BMI = body mass index; PASE = Physical Activity Scale for the Elderly;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Unwilling or could not be contacted.
‡ Returned versus did not return.
§ Returned versus all participants not included.
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Longitudinal changes from baseline to 5-year
follow-up. From baseline to the 5-year follow-up, all groups
significantly reduced body weight. The mean weight loss was
–3.7 kg for the D+E group (P = 0.0007), –5.8 kg for the D group
(P < 0.0001), and –2.9 kg for the E group (P = 0.003). Changes
in BMI were –1.2 kg/m2 for the D+E group (P = 0.001), –2.0
kg/m2 for the D group (P < 0.0001), and –1.0 kg/m2 for the E
group (P = 0.004). The D group significantly reduced waist cir-
cumference by –6.2 cm (P < 0.0001); however, the 0.4-cm
increase in the D+E group (P = 0.73) and 0.0-cm change in
the E group (P = 0.98) were not significantly different from base-
line. Figure 2A shows the unadjusted body weight changes by
group.

Each group significantly attenuated WOMAC pain across
the 5-year follow-up period. Reductions in pain were –1.2 for
the D+E group (P = 0.03), –1.5 for the D group (P = 0.001),
and –1.6 for the E group (P = 0.0008). Figure 2B shows similar
patterns of change in the unadjusted data. WOMAC function
significantly improved in each group relative to baseline values:
–6.2 for the D+E group (P = 0.0001), –6.1 for the D group
(P < 0.0001), and –3.7 for the E group (P = 0.01). At the 5-year
follow-up, 6-minute walk distance was significantly shorter com-
pared to baseline in the D+E group (–26 meters; P = 0.02) and
in the D group (–38 meters; P = 0.0002), but not in the E group
(–16meters; P = 0.10). The within-group change in the PASE phys-
ical activity level was similar across groups (D+E 13 [P = 0.19],
D 0 [P = 0.98], E 5 [P = 0.58]).

Effects of group assignment. At 5 years, there was no
significant difference in body weight between the D+E group and

the D group (89.5 kg versus 87.6 kg; P = 0.18) or the E group
(89.5 kg versus 90.1 kg; P = 0.26), but the difference for the
D group was less than that for the E group (87.6 kg versus 90.1
kg; P = 0.04). Similar results occurred for BMI (D+E group versus
D group [32.5 kg/m2 versus 31.8 kg/m2; P = 0.21], D+E group
versus E group [32.5 kg/m2 versus 32.6 kg/m2; P = 0.25], and D
group versus E group [31.8 kg/m2 versus 32.6 kg/m2;
P = 0.05]). Waist circumference was not statistically different
between the groups (D+E group versus D group [107.0 cm ver-
sus 101.1 cm; P = 0.09], D+E group versus E group [107.0 cm
versus 106.4 cm; P = 0.90], and D group versus E group
[101.1 cm versus 106.4 cm; P = 0.11]) (Table 4). Participants in
all groups remained classified as having Class I obesity at the
5-year follow-up.

Pairwise comparisons at the 5-year follow-up revealed no
significant difference in WOMAC pain in the D+E group com-
pared to the D group (5.4 versus 4.8; P = 0.68) and the E group
(5.4 versus 5.0; P = 0.65) and in the D group compared to the
E group (4.8 versus 5.0; P = 0.90). There was no significant dif-
ference between groups for WOMAC function (D+E group ver-
sus D group [17.9 versus 17.9; P = 0.78], D+E group versus
E group [17.9 versus 19.4; P = 0.58], and D group versus
E group [17.9 versus 19.4; P = 0.83]) or for the 6-minute walk
distance test (D+E group versus D group [456 meters versus
447 meters; P = 0.70], D+E group versus E group [456 meters
versus 465 meters; P = 0.81], and D group versus E group
[447 meters versus 465 meters; P = 0.37]). There was no sig-
nificant difference between the groups at 5-year follow-up in
PASE physical activity levels (D+E group versus D group [130
versus 116; P = 0.29], D+E group versus E group [130 versus

Table 2. Frequency of the onset of significant health events during the 3.5 years following the completion of diet and
exercise interventions*

Comorbid condition Diet + exercise Diet Exercise P

Knee injections 10 (38) 15 (43) 8 (25) 0.29
Knee replacements 4 (15) 8 (23) 5 (16) 0.67
Other knee surgeries 2 (7) 3 (9) 4 (13) 0.80
Type II diabetes mellitus 4 (15) 3 (9) 8 (25) 0.19
Coronary artery disease 3 (13) 2 (6) 4 (13) 0.61
Stroke/transient ischemic attack 1 (4) 2 (6) 4 (13) 0.45

* Values are the number (%) unless indicated otherwise.

Table 3. The number and percentage of participants in the Diet + Exercise group, the Diet group, and the Exercise
group who achieved ≥5% or ≥10%weight loss at the end of the 1.5-year intervention and at the 5-year follow-up visit*

Intervention group

≥5% weight loss† ≥10% weight loss

1.5-year follow-up 5-year follow-up 1.5 year follow-up 5-year follow-up

Diet + Exercise (n = 21) 19 (91) 12 (57) 15 (71) 4 (19)
Diet (n = 25) 20 (80) 17 (68) 13 (52) 9 (36)
Exercise (n = 28) 5 (18) 8 (29) 2 (7) 2 (7)

* Values are the number (%). The number of participants in each group includes those with documented weights at
both the 1.5- and the 5-year follow-up visits.
† The ≥5% weight loss group includes participants in the ≥10% weight loss group.
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Table 4. Between-group differences and within-group changes in anthropometric, clinical, and functional outcomes for the Diet + Exercise, Diet,
and Exercise groups at baseline, 1.5-year follow-up, and 5-year follow-up*

Diet + Exercise P Diet P Exercise P

Mean difference
(95% CI)
at 5-year
follow-up P

Body weight, kg
IDEA baseline 93.0 (90.7, 95.3) 93.4 (90.9, 95.9) 92.3 (88.6, 95.9) –

1.5-year follow-up 83.7 (82.4, 84.9) 84.5 (83.3, 85.8) 91.0 (89.8, 92.3) –

5-year follow-up 89.5 (87.6, 91.4) 87.6 (85.5, 89.8) 90.1 (88.0, 92.1) – 0.07†
Diet + exercise vs.
diet‡

– – – 2.0 (–1.0, 4.9) 0.18

Diet + exercise vs.
exercise

– – – –1.6 (–4.3, 1.2) 0.26

Diet vs. exercise – – – –3.5 (–6.9, –0.2) 0.04
Within-group change
5-year follow-up –

1.5-year follow-up
5.9 (3.9, 7.8) <0.0001 3.1 (1.3, 4.9) 0.0006 –1.0 (–2.7, 0.7) 0.25 –

5-year follow-up –

baseline
–3.7 (–5.9, –1.6) 0.0007 –5.8 (–7.8, –3.8) <0.0001 –2.9 (–4.8, –1.0) 0.003 –

BMI, kg/m2

IDEA baseline 33.6 (33.0, 34.2) 33.7 (33.1, 34.3) 33.5 (32.9, 34.1) –

1.5-year follow-up 30.3 (29.9, 30.7) 30.7 (30.3, 31.1) 33.0 (32.6, 33.4) –

5-year follow-up 32.5 (31.7, 33.2) 31.8 (31.1, 32.5) 32.6 (31.9, 33.2) – 0.08
Diet + exercise vs.
diet

– – – 0.7 (–0.4, 1.7) 0.21

Diet + exercise vs.
exercise

– – – –0.6 (–1.6, 0.4) 0.25

Diet vs. exercise – – – –1.3 (–2.5, –0.0) 0.05
Within-group change
5-year follow-up –

1.5-year follow-up
2.2 (1.5, 2.8) <0.0001 1.1 (0.5, 1.7) 0.0004 –0.4 (–1.0, 0.2) 0.20 –

5-year follow-up –

baseline
–1.2 (–1.9, –0.5) 0.001 –2.0 (–2.7, –1.3) <0.0001 –1.0 (–1.6, –0.3) 0.004 –

Waist circumference, cm
IDEA baseline 106.2 (104.3, 108.1) 107.1 (105.1, 109.1) 106.6 (105.3, 107.9) –

1.5-year follow-up 98.6 (97.4, 99.9) 100.1 (98.8, 101.5) 105.1 (103.7, 106.4) –

5-year follow-up 107.0 (104.5, 109.5) 101.1 (98.8, 103.4) 106.4 (104.1, 108.7) – 0.16
Diet + exercise vs.
diet

– – – 5.2 (–0.8, 11.2) 0.09

Diet + exercise vs.
exercise

– – – 0.4 (–5.9, 6.7) 0.90

Diet vs. exercise – – – –4.8 (–10.8, 1.2) 0.11
Within-group change
5-year follow-up –

1.5-year follow-up
8.4 (6.0, 10.8) <0.0001 1.0 (–1.3, 3.2) 0.39 1.3 (–0.9, 3.6) 0.24 –

5-year follow-up –

baseline
0.4 (–2.1, 3.0) 0.73 –6.2 (–8.5, –3.8) <0.0001 –0.0 (–2.4, 2.3) 0.98 –

WOMACpain (range 0–20)
IDEA baseline 6.7 (6.1, 7.2) 6.6 (6.1, 7.1) 6.1 (5.6, 6.6) –

1.5-year follow-up 3.5 (2.9, 4.0) 4.8 (4.3, 5.3) 4.7 (4.2, 5.3) –

5-year follow-up 5.4 (4.4, 6.4) 4.8 (3.9, 5.7) 5.0 (4.0, 5.9) – 0.86†
Diet + exercise vs.
diet‡

– – – 0.4 (–1.4, 2.2) 0.68

Diet + exercise vs.
exercise

– – – 0.5 (–1.7, 2.6) 0.65

Diet vs. exercise – – – 0.1 (–1.7, 1.9) 0.90
Within-group change
5-year follow-up –

1.5-year follow-up
1.9 (0.9, 2.9) 0.0003 0.0 (–0.9, 0.9) 0.96 0.2 (–0.7, 1.2) 0.62 –

5-year follow-up –

baseline
–1.2 (–2.2, –0.1) 0.03 –1.5 (–2.4, –0.6) 0.001 –1.6 (–2.6, –0.7) 0.0008 –

(Continued)
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118; P = 0.25], and D group versus E group [116 versus 118;
P = 0.99]) (Table 4).

A comparison of outcomes at the 5-year follow-up with and
without adjustment for total knee replacement (n = 17) showed sim-
ilar values within eachmeasurement and between groups (see Sup-
plementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24765/
abstract).

DISCUSSION

Among participants with knee OA who completed
1.5-year diet and exercise interventions, alone or in combina-
tion, each group experienced statistically significant reduc-
tions in body weight, BMI, and pain and improvement in
function relative to baseline values 3.5 years after completing
the interventions. At the 5-year follow-up, the D group

Table 4. (Cont’d)

Diet + Exercise P Diet P Exercise P

Mean difference
(95% CI)
at 5-year
follow-up P

WOMAC function (range 0–68)
IDEA baseline 24.6 (22.7, 26.5) 24.8 (23.2, 26.5) 23.1 (21.5, 24.8) –

1.5-year follow-up 13.5 (11.8, 15.1) 17.2 (15.6, 18.9) 18.6 (16.9, 20.2) –

5-year follow-up 17.9 (14.8, 21.0) 17.9 (15.2, 20.7) 19.4 (16.6, 22.3) – 0.88
Diet + exercise vs.
diet

– – – –0.8 (–6.3, 4.8) 0.78

Diet + exercise vs.
exercise

– – – –1.5 (–6.9, 3.9) 0.58

Diet vs. exercise – – – –0.7 (–7.7, 6.2) 0.83
Within-group change
5-year follow-up –

1.5-year follow-up
4.4 (1.3, 7.4) 0.005 0.7 (–2.0, 3.4) 0.62 0.9 (–2.0, 3.7) 0.55 –

5-year follow-up –

baseline
–6.2 (–9.4, –3.1) 0.0001 –6.1 (–8.9, –3.3) <0.0001 –3.7 (–6.6, –0.8) 0.01 –

6-minute walk distance, meters
IDEA baseline 467 (453, 480) 475 (462, 488) 480 (465, 494) –

1.5-year follow-up 555 (543, 566) 504 (493, 516) 529 (517, 540) –

5-year follow-up 456 (435, 477) 447 (426, 468) 465 (445, 484) – 0.78
Diet + exercise vs.
diet

– – – 10.9 (–46.2, 68.0) 0.70

Diet + exercise vs.
exercise

– – – –6.8 (–65.1, 51.5) 0.81

Diet vs. exercise – – – –17.7 (–57.0, 21.6) 0.37
Within-group change
5-year follow-up –

1.5-year follow-up
–99 (–119, –79) <0.0001 –57 (–77, –38) <0.0001 –64 (–83, –46) <0.0001 –

5-year follow-up –

baseline
–26 (–47, –5) 0.02 –38 (–59, –18) 0.0002 –16 (–35, 3) 0.10 –

PASE (range 0–400)
IDEA baseline 117 (107, 126) 115 (107, 124) 111 (103, 119) –

1.5-year follow-up 144 (132, 151) 133 (123, 142) 144 (134, 154) –

5-year follow-up 130 (109, 151) 116 (98, 134) 118 (99, 137) – 0.48†
Diet + exercise vs.
diet‡

– – – 14 (–13, 41) 0.29

Diet + exercise vs.
exercise

– – – 15 (–11, 39) 0.25

Diet vs. exercise – – – 0 (–31, 30) 0.99
Within-group change
5-year follow-up –

1.5-year follow-up
–13 (–32, 6) 0.19 –17 (–34, 0) 0.053 –26 (–44, –8) 0.004 –

5-year follow-up –

baseline
13 (–6, 31) 0.19 0 (–16, 17) 0.98 5 (–12, 22) 0.58 –

* Values are the difference (95% confidence interval [95% CI]) unless indicated otherwise. BMI = body mass index; IDEA = Intensive Diet and Exer-
cise in Arthritis trial; PASE = Physical Activity Scale for the Elderly; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Omnibus P value that represents the overall test for significance among the three 5-year adjustedmeans. Models were adjusted for sex, base-
line BMI, and baseline outcome values.
‡ Intervention effects at 5-year follow-up using adjusted pairwise differences and multiple imputation.
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maintained significantly lower body weight and BMI compared
to the E group.

The minimal clinically important improvement in pain and
function established by Outcome Measures in Rheumatology
(OMERACT)–Osteoarthritis Research Society International (OARSI)
is 20% from baseline (17). Five years after baseline testing, partici-
pants randomized to the D group maintained 27% (1.5 units) and
28% (6.1 units) mean improvements in pain and function, respec-
tively. However, the 95% CI around pain improvement included

worse scores near 0, suggesting no clinical benefit remained for
some participants. The D group also maintained a 5.8-kg (6%)
mean weight loss that resulted in a 2-kg/m2 reduction in BMI from
baseline, along with a waist circumference that was 6 cm smaller.
Comparable improvements were also present in the D+E and E
groups. Taken together, these results suggest that completing
1.5-year diet and/or exercise interventions in older adults with knee
OA results in statistically significant and clinically important improve-
ments in clinical outcomes 5 years from baseline.

Without an active intervention, older patients (age ≥65 years)
with knee pain experience statistically significant declines in
strength, balance, and mobility and an increase in disability
(20,21). Further, the odds of OA progression increase in people
who gain weight compared to those who maintain weight later in
life (22). Weight loss via diet and/or exercise in randomized clinical
trials is generally <10%, and weight-loss maintenance years after
an obesity treatment ends is poor (8). More encouraging, how-
ever, is that long-term changes similar to those in the D group
(6% weight loss and 1.5-unit reduction in pain) and, to a lesser
extent, in the D+E group (4% weight loss and 1.2-unit reduction
in pain) and the E group (3% weight loss and 1.6-unit reduction
in pain) could be important public health outcomes for older, over-
weight and obese adults with knee OA.

We posited that the reason for the significant improvements
in most clinical outcomes in the D+E group relative to the D and
E groups during the IDEA trial was the psychophysiologic effect
of exercise on the nervous system that, when combined with
weight loss, resulted in greater pain reduction and improvement
in many clinical outcomes (14). More than 3 years after complet-
ing the IDEA interventions, however, the D+E group experienced
greater regression toward baseline values than the D and E
groups; the D+E group regained 5.8 kg in body weight coupled
with an 8.4-cm mean increase in waist circumference. Fewer D+E
participants maintained a 5% or 10% weight loss at 5 years
compared to the D group. Prior studies observed that weight
regain in older adults was primarily fat mass, with less regain of
muscle mass. Hence, the worsening of body composition may
also be a factor in the intensification of pain in those with prior
weight loss (23–25). The interaction of weight regain with the
absence of regular exercise in the D+E group may have exacer-
bated the regression in clinical outcomes compared to either
intervention alone.

The E group was the only group to record a mean weight
loss during the 3.5 years following completion of the intervention
(–0.9 kg), resulting in an overall 2.2-kg weight loss from baseline.
PASE physical activity levels regressed to near baseline values,
and mobility, represented by 6-minute walk distance, was below
the mean baseline value; yet, pain remained virtually unchanged
from the end of the exercise intervention, and 18% less than at
baseline. Exercise has a consistent but modest effect on clinical
outcomes in patients with knee OA (26), and these improvements
are maintained 3.5 years after the intervention has ended.

Figure 2. Unadjusted body weight (A) and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) pain scores (B)
from baseline to the end of the interventions at 1.5-year follow-up
and to the 5-year follow-up for the Diet + Exercise group, the Diet
group, and the Exercise group. The middle lines in the plot boxes indi-
cate the median value, the Xs indicate the mean value, and the boxes
indicate the interquartile range. The whiskers extend to the most
extreme observed values within 1.5 × the interquartile range of the
nearer quartile, and the circles represent observed values outside
the range.
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This study had several limitations. Of the 184 participants
contacted, only 51% (n = 94) participated in this follow-up study.
However, tests for equivalence at baseline determined that indi-
viduals who did return were representative of the pool of
184 potential participants and of the entire IDEA cohort, including
participants who were lost to follow-up. Also, multiple imputation
was used due to the potential bias of missing data. Thirteen par-
ticipants opted to complete the 5-year follow-up visit via phone;
hence, there were missing data on waist circumference and the
6-minute walk test. Furthermore, these 13 participants provided
self-reported body weight, which increased the chance of
response bias. Finally, 14 participants had 17 total knee replace-
ment surgeries during the 3.5-year follow-up. Analysis of 5-year
outcomes with and without adjusting for total knee replacements
yielded similar results (see Supplementary Table 1, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24765/abstract).

In conclusion, the normal trajectory for community-dwelling
older adults with knee OA is one of weight gain and a consistent
knee pain profile (27,28). In contrast, older adults with knee OA
who completed 1.5-year D or D+E interventions experienced par-
tial weight regain but preserved statistically significant changes in
weight loss and reductions in knee pain relative to baseline
5 years after study randomization. The exercise group experi-
enced no weight regain and had similar improvements in pain to
the 2 diet groups. These data imply that clinicians who treat
patients with knee OA have a variety of nonpharmacologic
options that preserve clinically important effects 3.5 years after
the treatments end.
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Factors Influencing Physician Recommendation for
Intraarticular Therapies in Osteoarthritis: Results
From a Qualitative Study

Lindsey A. MacFarlane,1 Emma E. Williams,2 Nora K. Lenhard,2 Elena Losina,3 and Jeffrey N. Katz1

Objective. Several current and many emerging osteoarthritis (OA) treatments are intraarticular (IA) injections;
however, little is known about physicians’ perceptions and beliefs regarding IA injections or their considerations when
deciding whether to recommend them to patients. We aimed to investigate physician-perceived benefits and
drawbacks of offering IA injections.

Methods. We conducted individual interviews with orthopedic surgeons, rheumatologists, and physiatrists who
treat patients with knee OA. We conducted a thematic analysis to identify factors that physicians weigh when making
IA injection recommendations.

Results. We interviewed 18 physicians from academic and community practices. We identified the following 4
categories of themes that influenced providers’ recommendations to their patients regarding injections: 1) the physi-
cian’s knowledge, beliefs, and concerns, including their propensity to rely on guidelines versus clinical experience,
and understanding of the efficacy and risks associated with injectables, such as possible cartilage damage; 2) the char-
acteristics of the injectable product, such as ease or number of administrations needed; 3) the individual patient-
specific factors, including OA severity, comorbidities, and patient preference for and expectations of specific IA injec-
tions; and 4) the financial and administrative factors, including insurance coverage and out-of-pocket costs.

Conclusion. Physicians factor the uncertain efficacy of injectable treatments and the need to manage patient
expectations into their decision to offer IA therapies. Some providers relied on evidence and guidelines while others
were swayed more by clinical experience. High out-of-pocket costs were seen as a barrier to use. These findings
may help in the delivery of IA injections for OA and in the development of injectable products.

INTRODUCTION

Osteoarthritis (OA) is a prevalent condition and a leading

cause of disability and health care utilization (1–3). Current treat-

ment of knee OA is predicated on symptomatic relief with a focus

on lifestyle modification and pain management. Intraarticular (IA)

injection therapies, most commonly glucocorticoid injections,

have been a cornerstone of knee OA management and are rec-

ommended in treatment guidelines (4,5). Additional therapies,

including hyaluronic acid (HA) products, platelet-rich plasma,

and emerging, potentially disease-modifying OA treatments, are

also delivered via IA injection (5,6).

Prior qualitative studies have investigated both patient and

provider perspectives on OAmanagement with the goal of under-

standing the factors that drive treatment choice, adherence, and

treatment barriers (7–12). As many emerging therapies for OA

are injectable, it is imperative that we better understand patient

and provider attitudes surrounding injectable therapies, as these

factors could affect uptake. Our group recently conducted a qual-

itative study to investigate patients’ beliefs and attitudes sur-

rounding IA injection therapies (13) and found that patients place

substantial weight on providers’ guidance and recommendations

for injectable therapies. Understanding providers’ perceptions of

IA injection therapies is therefore essential to understanding
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treatment decisions. We conducted individual interviews with

physicians caring for patients with knee OA to ascertain what fac-

tors physicians consider when recommending for or against IA

therapy and what they perceive to be the benefits and drawbacks

of IA injections.

PATIENTS AND METHODS

Participants. We compiled a list of Massachusetts ortho-
pedic surgeons, rheumatologists, and physiatrists by taking a
random sample from each professional organization’s online
directory. We sent introductory letters to these physicians inviting
them to participate. Those who did not opt out or respond to the
letter within 10 days received calls from study staff who gauged
interest and availability. In addition to those participants recruited
from the initial list of physicians, 2 participants were recruited sep-
arately. One rheumatologist expressed interest after learning of
the study from a colleague, and 1 additional physiatrist was sent
an introductory letter after the initial mailing to improve balance
between the specialties.

All participating physicians frequently managed knee OA and
used IA therapies. We scheduled interviews at the participants’
convenience and explained the risks and benefits before pro-
ceeding with the interview. Participants could cease participation
at any time. The Partners HealthCare Human Subjects Commit-
tee approved the study protocol.

Interviews. We conducted individual phone interviews.
Two investigators (EEW and NKL) conducted the interviews, ask-
ing a series of questions covering providers’ approaches to treat-
ing knee OA and their use of IA injections, the administrative and
financial impacts of injection use on their practice, and the per-
ceived benefits and risks of injection treatment generally and of
specific injectables (Table 1). We ended recruitment when addi-
tional interviews generated no novel insights (thematic saturation).

Each participant received a $100 check as compensation, and all
interviews were audio recorded and transcribed verbatim.

Thematic analysis.We applied thematic analysis method-
ology, as described by Braun and Clarke (14). First, 3 investiga-
tors (LAM, EEW, and NKL) developed a coding scheme, which
is a list of codes (words or short phrases) that catalog the most
basic elements of each transcript. The coding scheme was cre-
ated with respect to the guiding questions, including “What fac-
tors do physicians consider when deciding if and how to treat
knee OA with IA injections?” and “What do they see as the bene-
fits and drawbacks of IA injections?” The coding scheme was
then applied to the entirety of the interview data, with 1 investiga-
tor (EEW) applying codes to the transcripts using qualitative anal-
ysis software (Dedoose).

Investigators reviewed the transcripts and codes before cre-
ating a thematic scheme, or a list of themes that convey patterns
across the data. Themes describe relationships among the codes
and their connections to the guiding questions (14). We arrived at
a thematic scheme composed of themes, subthemes, hypothe-
ses that explain their relation to the guiding questions, and sup-
porting quotes from the transcripts.

The themes were then grouped into broader categories and
visually arranged as a thematic map, which depicts the relation-
ships among themes (Figure 1). All investigators contributed to
the generation of the thematic scheme and map and ensured that
each theme was distinct and supported by the transcripts.

RESULTS

Participants. We sent letters to 100 physicians inviting
them to participate and enrolled 18 physicians including 8 ortho-
pedic surgeons, 5 rheumatologists, and 5 physiatrists. Eleven
physicians worked in academic centers and 7 in community prac-
tice. The average length of time in practice was 19 years, ranging
from 5 to 44 years. Eight physicians were women and 10 were
men. The interviews took place between August and October
2019.

Thematic analysis. We identified 16 themes and 7 sub-
themes, which we classified into 4 categories (Figure 1). Themes
and selected representative quotes are shown in Table 2, and
the comprehensive list of themes, hypotheses, and relevant quo-
tations is in Supplementary Table 1 (available on the Arthritis Care
& Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24502/abstract). The following section details the
themes, associated hypotheses, and supporting quotations. We
identified the following 4 categories of themes that influenced
providers’ recommendations to their patients regarding injec-
tions: the physician’s knowledge, beliefs, and concerns; the char-
acteristics of the injectable product; individual patient-specific
factors; and financial and administrative factors.

SIGNIFICANCE & INNOVATIONS
• Many current and emerging knee osteoarthritis

therapies are intraarticular (IA) injections, yet physi-
cian attitudes and beliefs surrounding the recom-
mendation of IA injections are not well described,
which has implications for product uptake and
utilization.

• Physicians felt that current IA therapies had variable
efficacy and that patient expectations often needed
moderating. Physicians differed in their reliance on
evidence-based guidelines versus clinical experience.

• Patient-specific features such as osteoarthritis
severity and treatment preferences were key fea-
tures in the decision process.

• Out-of-pocket cost to the patient and insurance cov-
erage factors into treatment recommendations.
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Physician’s knowledge, beliefs, and concerns.
Physicians’ experiences with and attitude toward different inject-
able products and their understanding of the literature surround-
ing the risks and efficacy of these products informed their
approach to the use of injections for OA management.

Pain relief as primary goal. Physicians’ opinions about injec-
tions were shaped by their views of the main role of IA injections
in OA management: to provide short-term pain relief that may
allow for improved function.

“The idea is to at least temporarily decrease the pain so that
they can participate in rehab more completely.”

Observed versus documented efficacy. Providers weighed
their understanding of the scientific literature with their own clinical
observations when advising patients. Some thought that even
though injections other than glucocorticoids had less evidence
supporting their efficacy, these injections had utility as some
patients benefit from them.

“There were some studies that suggested that the HA
injections don’t work any better than steroid injections,
although it’s certainly my belief that steroid injections don’t
last as long.”

Providers also found that in their clinical experience, injections
produced variable responses that are difficult to predict on an
individual level.

“It’s like a hit [or] miss. Injections are basically like a hit [or]
miss. They do not work on all of the patients.”

Adherence to guidelines. Providers differed in their adherence to
guidelines published by professional organizations; some fol-
lowed recommendations strictly, while others were more open
to trying different injectable products.

“Yeah, the American Academy of Orthopedic Surgeons,
which I belong to, did a big study, and found out that there
was no benefit to [HA injections]… the gel really wasn’t sig-
nificantly different than placebo, so I don’t do it, and it’s very
expensive.”

“Ten, 20 percent will say, oh, I want Synvisc, I’ve had it
before, my neighbor wants it. I say, okay, here’s a prescrip-
tion… If they come in with it, I inject it.”

Heterogeneity of efficacy. A variety of patient-specific factors influ-
enced how effective physicians found injections to be. Some
observed that injections were more effective when patients simul-
taneously pursued exercise therapy.

“I often counsel them that although there’s sort of a
classic response, we see a high variability, which has a
multitude of reasons probably down [to] even the genetic
side, like how they metabolize the medication for
example.”

Figure 1. Thematic map for factors influencing physician recommendation of intraarticular therapy.
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Concerns about dependence. Given the potential risks
related to injections, providers worried about patients receiving
habitual injections and encouraged injections only for flare. In
addition to fears about cartilage damage, physicians were con-
cerned that injections may become less effective with repeated
use.

“They get habituated to it, so I worry about that. I worry
about them doing it too much and it becoming a crutch.”

“If they’ve had them for many years, they may not be as
effective, but also over time, [it degenerates] some of the
healthier cartilage in the knee.”

Impact on surgical plan. Knowing that surgeons recommend
3 months between an injection and surgery, providers evaluated
the patient’s likelihood of surgery and would not recommend an
injection to someone considering surgical intervention in the near
future.

“Because I don’t replace knees, I feel like at some point I’m
getting in the way of a process… If I give somebody an
injection, they then have to await the joint replacement sur-
gery, and then they have to work around the fact that
they’ve already had an injection.”

Concern about overuse of injections. Providers were con-
cerned that patients were getting too many injections, either
because they were seeing a variety of providers for injections in
different joints or because other providers were too quick to offer
an injection.

“My concern is that they may be getting too many, and
what I mean by that is not that the orthopedist is giving
them too many steroid injections in their knees but, often-
times, a lot of my patients who are geriatric are going to
multiple providers for various joint pains… I worry about
that lack of coordination and getting too many steroids in
their system.”

Table 1. Topics included in the interviewers’ guide*

Topic Questions

Approach to treating patients with knee OA For your patients with knee OA, what is your typical approach to
treatment and pain management? How often do you use IA
injections?

What kinds of benefits do you think patients get from IA
injections?

Do you think IA injections reduce your patients’ use of opioids for
pain management?

Do you have any concerns or reservations about injections’ effects
on patients?

Do patients express concerns to you about injections?
Injections and practice efficiency How do injections influence the flow of patients through your

practice? Do you believe injections contribute to delays in your
clinic?

Do you adjust your clinic schedule in some way to accommodate
injections? How?

How do IA injections affect your practice financially?
Types of injections Do patients request specific types of injections? What types of

injections do you have on hand in your practice? If you do not
have a particular medication on hand, how do you obtain it?

How do you manage patients’ expectations about what benefits
they will see from a given type of treatment?

Imagine that you are considering incorporating a new IA injection
into your practice. What kind of information about the medication
would you want to have to make that decision?

Considering your options Imagine that a new injectable is approved and you are considering
incorporating it into your practice. How would you think about
this treatment if the expected benefit was pain relief lasting 1
month? 3 months? 6 months? Would that change your decision
whether or not to administer the treatment?

What characteristics of an IA medication are most important to
you when you think about using it for your knee OA patients?

* IA = intraarticular; OA = osteoarthritis.
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Table 2. Themes, subthemes, and selected supporting data identified through thematic analysis

Theme or subtheme Supporting text from transcripts

Category 1. Physician’s
knowledge, beliefs, and concerns

Pain relief as primary goal “The number one thing is decreased pain. Decreased pain, along with that they’ll have
decreased swelling. The big difference is pain, really.”

Observed vs. documented efficacy “The way I explain it is that viscosupplementation, it depends which month you read the
newspaper or the article. It says, ‘Gee, wonderful stuff.’ Then ‘Oh, doesn’t work. You
shouldn’t use it.’ Then, ‘Gee, maybe wonderful stuff,’ again…. Putting that aside, there seems
to be some benefit in my practice from using this, and I use it not infrequently.”

Adherence to guidelines* “Yeah, the American Academy of Orthopedic Surgeons … did a big study, and found out that
there was no benefit to [HA injections], and that the real benefit was just aspirating the knee,
and that the gel really wasn’t significantly different than placebo, so I don’t do it, and it’s very
expensive.”

Heterogeneity of efficacy* “Our practice is a little bit different, I won’t do visco[supplementation] if they don’t have at least
a home exercise program at the same time, because I find that all the injections last much
longer with the right exercises.”

Concerns about dependence “I really try to—I never let anyone schedule regular steroid injections, but more use it as a tool
for acute pain management.”

Impact on surgical plan “[I ask patients] ‘would you consider having your knee replaced if it was an option? Would you
consider doing that in the next three to six months?’ If there’s any moment where they’re
saying, ‘I’m more than pre-contemplative…,’ I usually encourage them not to have the
injection, to go meet with one of my colleagues that could or would replace their knee.”

Concern about overuse of injections “The biggest abuse I see is in some of the physician extenders, the physician assistants and the
nurse practitioners who will actually then give cortisone to everybody with pain.”

Category 2. Injectable characteristics
Imaging guidance “[W]e do all of our injections ultrasound guided, which, I think reduces the pain significantly…”

Category 3. Patient-specific factors
Patient concerns “[An] occasional [patient] concern would be that they’ve heard that [injections are] painful, or

they heard that cortisone is bad for you. Or they’ve heard cortisone damages the bones.
That’s less than 50% of patients in that particular [group].”

Needle phobia* “People that don’t like needles. They tend to ask, ‘How much is it going to hurt to do the
injection?’”

Structural severity “I think as it relates to the joint, there’s definitely concern regarding excessive use of
corticosteroid and local anesthetic and the effect it may have on the joint for patients who
are younger or have mild osteoarthritis. I counsel them pretty heavily on that and try to keep
them away from a high frequency of corticosteroid injections.”

Patient expectations “I tell people [the injection isn’t so] you go play golf tomorrow…
People really come in and they have various ideas… from reading the internet [and] talking to
their buddies.”

Injections as symptom relief vs. cure* “I tend to not bill [an injection] as a magic bullet that’s gonna cure all of their pain, but suggest
that this should be adjunctive… Hopefully doing this injection would allow them to engage in
more exercise… but that I don’t expect that the injection will a hundred percent alleviate their
pain. In most cases at some point the pain will return in some context.”

Patient awareness of injection types “I would say people—well, not everybody asks, but [of] the ones who ask, 95 percent of them
are asking for a cortisone shot, and five percent are asking for hyaluronic acid, or Synvisc, or
one of those.”

Strength of patient preference* “Most of them are pretty agreeable to what I would recommend.”
“I don’t order [HA] and stock it or anything like that. I put the responsibility [on the patient]. If
they want it, I’ll give it to them, but I don’t make any big promises.”

Category 4. Financial and administrative
factors

Patient’s insurance coverage “Unfortunately, one of the most important decisions is what their insurance is. If their
insurance pays for Synvisc or any of the other joint injections aside from cortisone, I’m
completely in favor of them.”

Availability of injectables not on formulary “If we have to go through all kinds of regulatory issues and pre-approvals and all that kind of
stuff, that makes it less attractive to do…it’s a pain for the staff, just difficult and time-
consuming, so it isn’t quite as attractive.”

Administrative effect on practice “It does slow me down a little bit, but I think I just do enough in my clinic to have a little bit of a
system in place. I just have to do it myself, so it does slow me down a little bit.”

Set up of clinic* “The way my practice is set up, because I’m [in] interventional pain, unfortunately most of my
clinic is set up for injections. It’s designed for an injection.”

Financial repercussions* “I think it is financially rewarding, but, as I say, I don’t really get into what I’mmaking per hour for
the cash flow of that.”

* Subtheme.
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Injectable characteristics. An injectable’s characteristics
and method of delivery shaped providers’ opinions of it and their
willingness to offer it to patients.

Imaging guidance. Providers varied in their use of
ultrasound-guided injections, but those who used them found
they reduced injection-related pain and provided greater, tar-
geted relief. Some acknowledged that this relief might be in part
due to a placebo effect.

“I mean there is probably a little bit of placebo effect
to come seeking the ultrasound-guided injection;
they’ve already failed the standard palpation-guided
injection.”

“Obviously, I have extra training to do ultrasound-guided
injections, which are more accurate. It also identifies if
there’s any small amount of effusion that might not be
seen on a clinical exam.”

Duration of pain relief. The duration of pain relief was impor-
tant in shaping providers’ opinions, as providers desired options
that would grant longer-lasting relief. Some acknowledged, how-
ever, that a longer duration of relief could be coupled with
longer-term side effects.

“I think that anything that offers a benefit of 3 months or
greater seems like a good target. I would love to give some-
body 1 injection 1 time and have it go away.”

“I’ve had patients preferentially choose shorter-acting
things because they want to make sure that they
tolerate it before they would change to a more long-acting
version.”

Risk of joint damage from injections. The risk of
glucocorticoid-mediated joint damage prompted some providers
to limit the number of glucocorticoid injections they offered
patients and led others to consider alternative injectables. Weigh-
ing this concern about cartilage damage against the potential for
pain relief, providers were more willing to use glucocorticoids on
patients for whom they were less concerned about cartilage deg-
radation.

“It’s not really good for the joint. I do not use [glucocorti-
coids] in young people with fairly good cartilage. I only use
it for old people where the cartilage is shot anyway.”

Sequence of injections. Providers offered patients glucocor-
ticoids first when recommending an injection. Some providers
were willing to try a variety of alternative injectables if glucocorti-
coids did not provide relief, but the cost and efficacy of glucocor-
ticoids led to their role as the first-line injectable.

“I’m pretty free-wheeling with giving people cortisone injec-
tions, one injection, and see how they do. I always start with
that.”

Patient-specific factors. Patients’ preexisting fears,
expectations, and awareness of injections, as well as the severity
of their disease, influenced providers’ willingness to recommend
an injection or specific injectable.

Patient concerns. Providers noted that their patients
expressed fears about side effects, safety, and limited efficacy of
injections, but they were frequently able to assuage these con-
cerns through clear explanations and shared decision-making.

“[I]t actually requires a bit of talking to even convince the
patient to get an injection because they are [afraid]… first
of all, nobody likes to be poked, so there is a fear of [a] nee-
dle going into your joint. Then there is fear of infection and
bleeding and site reactions… After these talks… after this
reassurance, they get convinced.”

Needle phobia. A fear of needles caused some patients to be hes-
itant about getting an injection, but physicians found that many
were able to overcome that fear or that it subsided after their first
injection.

“…Some of the time, there’s some needle phobia. You
can’t blame anybody. You stick a needle into your knee. It
isn’t fun. You guide them through this. You do explain it in
different ways, how it won’t be so bad. Most of the patients
are willing to go through it.”

Structural severity. Providers considered the severity of
the patient’s OA when making an injection recommendation. They
were more willing to offer glucocorticoid injections to those with
advanced OA, as they were less concerned about the risk of fur-
ther structural progression. On the other hand, some found that
injections were less efficacious for patients with advanced OA.

“The earlier in the OA spectrum, the more conservative I try
to be. If they have severe OA and they’re a little bit older,
then [I’m] a little bit more liberal in my use of the steroid
injections. I think primarily because of our concern about
having multiple injections over time [and losing efficacy with
repeated use]… but also over time, degenerating some of
the healthier cartilage in the knee.”

Patient expectations. Providers had to temper patients’
expectations about the relief they would get from an injection,
which had been informed by their peers or other physicians.

“It’s hard to manage the expectations. They don’t usually
come from me. I can say whatever. A lot of patients come
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in having talked to their primary care doctor… or to a family
member who’s had [injections], so they align their expecta-
tions to that.”

Injections as symptom relief versus cure. When setting patient
expectations, providers emphasized that injections are not a cure
for knee OA, but could temporarily relieve symptoms, and that
knee arthroplasty was the only definitive treatment.

“Well, I usually just tell them straightforward exactly what
the purpose of the injection is. It’s primarily for pain relief,
and that the corticosteroid injections… [have] no real
positive benefit as far as remodeling for the knee. In fact,
it has a detrimental effect. [I]t’s basically palliative care,
for the lack of a better term, in order to improve their knee
pain.”

Patient awareness of injection types. Physicians reported
that patients vary in their knowledge about different injectable
products. The majority inquiring about an injection were referring
to glucocorticoids, but some requested specific injectables, such
as HA or stem cell products.

“The majority of the time, when a patient comes and asks
for an injection, they’re asking for corticosteroids.”

“Or on the flip side of that, many will come in and say well,
they’ve heard bad things about corticosteroids, so they
don’t want that, and they want one of the other options.”

Strength of patient preference. Physicians recognize that some
patients rely on them to recommend the injectable product, plac-
ing trust in the provider’s experience. Other patients have strong
preferences, and providers tended to comply with their requests,
either by helping them acquire their preferred injectable or by
referring them to a different provider.

“I usually have to point them to another provider. I say,
‘Well, [the injectable] you’re asking for is not always sup-
ported by the literature…With that said, if you’d like to pur-
sue it… I do have colleagues in the community that can do
that for you.’”

Financial and administrative factors. Physicians’ con-
cerns about the cost of certain injectable products for patients
and the administrative burden of acquiring and delivering them
decreased their willingness to offer certain products.

Patient’s insurance coverage. Providers considered a
patient’s insurance coverage when making their injection recom-
mendation; they were less likely to recommend a product not
covered by insurance. Some providers, in fact, turned to injec-
tions for patients with limited resources because the cost of the

injection was substantially lower than the cost of other treatments,
such as physical therapy.

“I tell patients that if their insurance doesn’t cover it, it’s not
worth the out-of-pocket cost to do it because I don’t think
that results are as predictable.”

“My patients without resources do more poorly across all
domains, so it’s just lining up resources. I have patients
[for] who[m] a copay for [physical] therapy is prohibitive, so
I’m just trying to figure that out for them.”

Availability of injectables not on the formulary. Trying to
acquire injectables that were not on the formulary required a sub-
stantial investment in the staff’s time, which made physicians less
likely to offer these products.

“Part of the reason that I’ve been very happy to [not use vis-
cosupplementation] is that in 1 analysis in my department,
they figured it took about 40 person hours to get 1 injection
approved for payment… I don’t feel like it’s a good use of
my staff’s time to spend a week getting the insurance com-
pany to agree to do something.”

Administrative effect on practice. For busy providers, having
to perform an unexpected injection can interrupt clinic flow and
cause delays. They preferred injectables that required fewer office
visits and were easy to prepare.

“When you have 20-minute slots for patients, particularly a
patient who has many other medical issues and then also
comes in with knee pain, and you’re managing all of those
issues and they’ve showed up 20 minutes late… my ability
and desire to take the extra 20 minutes that it’s gonna take
to consent and prep and inject is certainlymuchmore limited.”

Set up of clinic. Providers who worked in clinics that were set up
to accommodate injections experienced minimal delays. Some
physicians, such as those who performed imaging-guided injec-
tions, required patients to make specific appointments for
injections.

“I’mnot seeing lots and lots of people, so I’ma lowvolumeper-
son… I set up, almost like a little fishing box, so I have every-
thing right there; bang, bang. It really isn’t impacting flow.”

“[B]ecause we’re doing it ultrasound guided, we need to have
an ultrasound room available, so I can only do them certain
days during theweek. It’s scheduled in, so it’s not a problem.”

Financial repercussions. Most physicians were not aware of the
financial impact injections had on their practice. They sensed it
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was positive, but the financial effect did not play an influential role
in their injection recommendation.

“It’s hard to quantify. I’m sure that they are a positive effect.
I don’t know how much, to be very honest with you.”

DISCUSSION

We conducted individual interviews with 18 physicians who
manage patients with knee OA to understand their perceptions
of IA injection therapies. Using thematic analysis, we identified
the following 4 categories that influence physicians’ decision of
whether to recommend injectable therapies: the physician’s
knowledge, beliefs, and concerns; the characteristics of the
injectable product; individual patient-specific factors; and finan-
cial and administrative factors. These insights demonstrate
some of the barriers novel IA therapies may need to overcome
but also highlight the demand for effective, evidence-based
OA treatment.

Physicians agreed that the efficacy of injectable agents is var-
iable in practice. Some physicians relied heavily upon professional
society guidelines, while others used their clinical experience to
inform their recommendations about which injections are most
beneficial. Features of the injectable itself (such as its ease of
preparation and administration) and patient-specific characteris-
tics (such as preferences for a specific product and OA severity)
were important factors in the decision-making process. Inject-
ables not included on the formulary or not covered by insurance
were less likely to be used. Depending on the setup of their clinic,
some physicians felt injections facilitated clinic flow, while others
considered them a hinderance. Financial incentives for the pro-
vider or practice did not appear to play a significant role in
decision making.

Given the paucity of highly effective and well-tolerated thera-
pies for OA, our findings are especially relevant to practice. We
find that physicians hold a range of views on the comparative effi-
cacy of IA injections, highlighting the need for unbiased assess-
ments of available agents to guide clinicians. Data are especially
sparse for biologic agents, underscoring a research gap. Our data
also highlight the key role of out-of-pocket costs on the uptake of
these therapies by clinicians, especially those sensitive to the bur-
den of costly drugs on their patients.

Our study is unique in its focus on OA specialists and IA
injection therapy, but our findings are consistent with prior qual-
itative analyses that have examined OA treatments. Several
studies have shown that physicians consider management of
patient expectations to be important, as patients may form treat-
ment opinions based on external sources that are not in agree-
ment with physicians’ experience or beliefs (7,9). We found
variability in the degree to which treatment guidelines influenced
physicians’ decisions to use IA therapy. Two other qualitative
studies also identified varying adherence to OA treatment

guidelines and delved into potential barriers to implementation
(12,15). Lastly, a study of general practitioners identified (as we
did in our study) that gaps in insurance coverage pose a barrier
to prescribing more costly treatment (16). Difficulties stemming
from a lack of effective treatment were also displayed in our prior
work on patients’ attitudes surrounding injectable therapies (13).
We found that patients grappled with conflicting evidence and
opinions on the effectiveness of injectable therapies and
expressed frustration with a lack of treatment consensus among
OA providers (13).

Our work has several potential limitations. First, it is qualita-
tive and should be regarded as hypothesis-generating. While phy-
sicians were recruited from both academic and community
practices, they all practice within Massachusetts and their atti-
tudes may not be generalizable. We included specialists involved
in the care of OA, as these specialists are more likely to utilize
injection therapy and have the greatest familiarity with existing IA
options. Uptake of future IA therapies is likely dependent on spe-
cialty physicians’ willingness to incorporate them into practice;
however, we recognize that much of OA management is per-
formed by primary care physicians. Future studies could be
broadened to include the attitudes of primary care physicians, as
these attitudes may affect referrals and can act as a barrier or
facilitator to IA treatments. To our knowledge, this is the first study
to evaluate specialists’ attitudes and beliefs surrounding IA injec-
tion therapy in OA.

These results may help inform the development of novel
injectable agents, as they provide insight into how medication effi-
cacy, adverse effects, and ease of administration factor into phy-
sician decision-making. From a clinical standpoint, the uncertain
efficacy of IA injections and tension between guidelines and clini-
cal experience highlight the desire for an agent that modifies OA
or leads to more durable symptomatic relief. Future qualitative
studies could examine how physicians would weigh specific
trade-offs if a treatment was potentially disease modifying.
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Cost-Effectiveness of Interventions for Musculoskeletal Foot
and Ankle Conditions: A Systematic Review

Tom P. Walsh,1 Greg B. Merlo,2 Cameron Rutter,1 Bridget Abell,1 Simon R. Platt,3 and John B. Arnold4

Objective. Musculoskeletal conditions of the foot and ankle are common, yet the cost-effectiveness of the variety
of treatments available is not well defined. The aim of this systematic review was therefore to identify, appraise, and
synthesize the literature pertaining to the cost-effectiveness of interventions for musculoskeletal foot and ankle
conditions.

Methods. Electronic databases were searched for studies presenting economic evaluations of nonsurgical and
surgical treatments for acute or chronic musculoskeletal conditions of the foot and ankle. Data on cost, incremental
cost-effectiveness, and quality-adjusted life years for each intervention and comparison were extracted. Risk of bias
was assessed using the Drummond checklist for economic studies (range 0–35).

Results. Thirty-six studies were identified reporting nonsurgical interventions (n = 10), nonsurgical versus surgical
interventions (n = 14), and surgical interventions (n = 12). The most common conditions were osteoarthritis, ankle frac-
ture, and Achilles tendon rupture. The strongest economic evaluations were for interventions managing end-stage
ankle osteoarthritis, ankle sprain, ankle fracture, calcaneal fracture, and Achilles tendon rupture. Total ankle replace-
ment and ankle arthrodesis for end-stage ankle osteoarthritis, in particular, have been demonstrated through high-
quality studies to be cost-effective compared to the nonsurgical alternative.

Conclusion. Selected interventions for musculoskeletal foot and ankle conditions dominate comparators, whereas
others require thoughtful consideration as they provide better clinical improvements, but at an increased cost.
Researchers should consider measuring and reporting costs alongside clinical outcome to provide context when
determining the appropriateness of interventions for other foot and ankle symptoms to best inform future clinical
practice guidelines.

INTRODUCTION

Musculoskeletal conditions are a leading cause of disability

across the globe, and while diseases of the hip and knee feature

prominently in public health discourse, musculoskeletal symp-

toms of the foot and ankle are also highly prevalent. Both

disabling foot pain and disabling ankle pain are present in >20%

and 15% of individuals age >45 years, respectively (1). Indeed,

this burden extends beyond local pain and disability, with

end-stage ankle osteoarthritis (OA) having similar effects on

health-related quality of life (HRQoL) as congestive heart failure

(2). Other common forefoot conditions, such as hallux valgus

and hallux rigidus, are also known to have a significant negative

impact on HRQoL (3). Given the high prevalence and burden of

foot and ankle symptoms, understanding cost-effective manage-

ment strategies is an important consideration for society. A

systematic review of cost-effectiveness evaluations, which syn-

thesizes evidence and provides a measure of quality, can be used

to inform both administrators and clinicians as to where there is

most value in delivering services.
With the rising costs in health care, and an aging population,

it is important that cost-effectiveness is considered when provid-

ing musculoskeletal services. Furthermore, the continuation or

implementation of any service or therapy should undergo a robust
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critique of its value for money in the light of finite resourcing (4).
Cost-effectiveness analyses consider how clinically useful inter-
ventions are in the context of how much they cost. Consumers
(including governments) can then decide if the clinical improve-
ment, often measured in quality-adjusted life years (QALYs) for
musculoskeletal conditions, is worth the cost. The willingness to
pay for an additional QALY gain varies between countries, but it
is often $50,000/QALY (5).

The delivery of care without a consideration of cost risks the
provision of low-value interventions, invariably impacting the num-
ber and quality of services a health network can provide. The chal-
lenge for health care providers is to marry the effectiveness of an
intervention with an acceptable cost that benefits both the patient
but also society. Further work is then required to persuade clini-
cians, who ultimately provide care, to change behavior

Surgical interventions for foot and ankle conditions can pro-
vide life-changing improvements to HRQoL and QALYs. Opera-
tions are, however, inherently expensive, as they generally
require admission to hospitals, may require specialized equip-
ment and implants, and typically involve multiple administrative
and health care staff. A subset of surgical patients will experience
a surgical complication requiring readmission and reintervention
following their index procedure, adding further to the group costs.
Orthopaedic operations, such as total knee and hip replace-
ments, are known to drastically improve HRQoL and QALYs and
as such may be considered high-value interventions, but nuanced
economic evaluations have found that the cost-effectiveness of
total knee replacements may be unjustifiable unless patients have
severely symptomatic knee OA (6). Moreover, even with an
appropriately chosen and executed intervention, further surgery
at a later date may be required with a progressive, degenerative
condition. Clearly, relying on a clinical outcome alone does not
consider how this impacts the provision of health services across
a system. This is particularly important for surgical interventions as
they involve high upfront costs, and even procedures with low rates
of complications can require expensive revision surgery (e.g., peri-
prosthetic joint infections may need a bespoke prosthesis).

Nonsurgical interventions generally have lower upfront costs,
but they may also have smaller clinical effects when compared to
surgery, as surgery or invasive procedures are known to produce
large nonspecific effects (7). Nonsurgical interventions are gener-
ally lower-risk interventions and may be more attractive as they
can be withdrawn if they are not useful. Nonsurgical interventions
that require multiple appointments, however, have economic
impacts, including out-of-pocket expenses and sick leave from
work, in addition to the procurement of devices, splints, or medi-
cines, all of which can be costly. The cost-effectiveness of non-
surgical interventions has been previously reviewed, but this did
not include surgical interventions and focused on chronic symp-
toms (8). Management of acute and chronic symptoms and how
surgical interventions compare to their nonsurgical counterparts
is clearly of interest and in need of review. This knowledge may
also be used in the development of clinical practice guidelines,
which generally do not explicitly consider costs.

The aim of this systematic review was therefore to identify,
appraise, and synthesize the literature pertaining to the cost-
effectiveness of interventions for musculoskeletal foot and ankle
conditions.

MATERIALS AND METHODS

This systematic review was submitted to the International
Prospective Register of Systematic Reviews (PROSPERO) on
January 29, 2019, and formally registered on March 15, 2019
(http://www.crd.york.ac.uk/PROSPERO/) (registration number:
CRD42019122258). The review was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines (9).

Search strategy for identification of studies. To iden-
tify potentially relevant studies, one author (CR) searched the fol-
lowing bibliographic databases from their inception to the date
that searches were executed: the Cumulative Index to Nursing
and Allied Health Literature (CINAHL; via EBSCOhost), Cochrane
CENTRAL, Embase, Medline (via Ovid), PubMed, Scopus, and
Web of Science. Initial searches were conducted in these data-
bases during the dates of January 30 to February 4, 2019. The
searches were updated on January 13, 2020, in order to identify
any new, potentially relevant studies. The search strategy was
developed using a combination of keywords and subject
headings (MeSH/EMTREE) relevant to the concepts of ‘costeffec-
tiveness,’ ‘foot,’ and ‘ankle.’ Additional concepts related to treat-
ment types and study types were not applied to the search as this
would have reduced the overall number of results, affecting the
scope for capturing as much potentially relevant information as
possible. The details of the exact search syntax executed in each
database on each date can be found in Supplementary Tables 1
and 2, available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24514/abstract.

SIGNIFICANCE & INNOVATIONS
• This is the first review to synthesize and summarize

health economic aspects of acute and chronic foot
and ankle musculoskeletal interventions.

• Total ankle replacement and ankle arthrodesis are
well supported by high-quality economic analyses
compared to nonsurgical interventions for end-
stage ankle osteoarthritis.

• There is a paucity of high-quality economic analy-
ses for several common surgical and nonsurgical
interventions.

• This review may serve as a call to action for
researchers to increase and improve economic analy-
ses for musculoskeletal foot and ankle symptoms.
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Search results were imported into EndNote X9 (Clarivate) for
duplicate detection and removal. These records were exported in
xml format and uploaded to Covidence for screening and full-text
assessment for eligibility. Covidence also detected a small num-
ber of duplicates that were not identified in EndNote.

Two authors (TPW and GBM) completed the screening pro-
cess, which initially involved screening articles for eligibility based
on the title and abstract. Those considered potentially eligible then
underwent full-text screening. Studies that met the review eligibil-
ity criteria after the full-text screening were included in the review.
The same reviewers independently extracted, reviewed, and
summarized data according to a standard data extraction form
and the quality assessment tool. A third reviewer (SRP) was avail-
able to adjudicate differences/discrepancies, though adjudication
was not required.

Eligibility criteria. In order to be included in this review,
the study design must have been an economic evaluation; the
study could be a cost-effectiveness analysis, cost-benefit analysis,
cost-utility analysis, or a cost-minimization analysis. The study had
to investigate human participants and could involve the manage-
ment of either an acute or a chronic foot and/or ankle musculoskel-
etal symptom, with both surgical and nonsurgical interventions
considered. The study had to report both costs and outcomes
and compare an intervention to another intervention or a control
and be published as a peer-reviewed research publication. Studies
were excluded from this review if they were non–peer-reviewed
publications or were publication types that did not report original
research, such as letters to the editor, editorials, and opinion
pieces. Studies were also excluded if participant demographic
information and characteristics were not defined or if the interven-
tions evaluated were secondary in nature (i.e., rehabilitation follow-
ing surgery).

Assessment of methodologic quality. All included arti-
cles were independently assessed for methodologic risk of bias
using the Drummond checklist (10). This is a commonly
used checklist for evaluating the risk of bias of economic evalua-
tions and is recommended for this use by the British Medical
Journal and in Cochrane systematic reviews. The checklist is a
35-question assessment tool and is suitable for all forms of eco-
nomic evaluations. The reviewers judged the articles as meeting
the question as either ‘yes,’ ‘no,’ or ‘not clear.’ Eighteen of the
questions may also be considered ‘not appropriate’ depending
on the study design. As the items in the checklist are not equally
weighted, rather than providing a quality assessment score for
each study, a summary score for each question is reported. A
summary (%) of the number of questions for which a study scored
‘yes’ was also recorded.

Data extraction and analysis. Where available, the rele-
vant data (means, medians, SDs, ranges, confidence intervals)

were extracted for the number of participants, age, sex, costs,
QALYs, and incremental cost-effectiveness ratios (ICERs) for the
intervention and the comparator(s) from each included study.
The country of origin, year of publication, study design, perspec-
tive, currency, condition, and intervention were also extracted
(Tables 1 and 2).

How interventions compared (in cost and effectiveness)
to the comparator(s) was recorded. Studies that calculated
incremental costs and effectiveness were extracted and tabu-
lated (see Supplementary Table 3, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24514/abstract). An intervention was considered
dominant if it was less expensive and more effective, con-
versely an intervention was defined as being dominated if it
was more expensive and less effective than a comparator.

RESULTS

Study characteristics. The original literature search
yielded 12,666 articles, leaving 6,290 following removal of dupli-
cates. The updated search yielded a further 748 articles, which
after the removal of 321 duplicates, left 427. The number of
potentially relevant articles (n = 6,717) was reduced to 110 follow-
ing screening of articles based on their title and abstract. Follow-
ing full-text review, 74 were excluded, leaving 36 studies that
met the eligibility criteria for inclusion in this review (Figure 1).

Twelve studies compared surgical treatments for conditions
or injuries including ankle OA (11,12), syndesmotic injury with (13)
and without ankle fracture (14), calcaneal fracture (15), lateral ankle
instability (16), Achilles tendon rupture (17), Lisfranc ligament injury
(18), hallux rigidus (19), hallux valgus (20), painful first metatarso-
phalangeal (MTP1) joint (mixed diagnoses) (21), and hammertoe
correction (22) (Tables 1 and 2). Ten studies compared nonsurgical
treatments for conditions or injuries, including ankle sprain (23–25),
pediatric ankle fracture (26), plantar heel pain (27,28), Achilles ten-
dinopathy (29), Morton’s neuroma (30), foot pain in rheumatoid
arthritis (31), and clubfoot (32) (Tables 1 and 2). Fourteen studies
compared surgical to nonsurgical treatments for unstable ankle
fracture (33–35), Achilles tendon rupture (36–38), calcaneal fracture
(39,40), ankle OA (41,42), hallux valgus (42–44), hallux rigidus
(42,45), and clubfoot (46) (Tables 1 and 2).

Fifteen studies presented models (11–14,18,22,24,25,
32,34–36,39–41), 10 were randomized controlled trials (RCTs)
(16,19,23,26,29–31,33,38,44), 4 were prospective cohort stud-
ies (27,28,42,43), 6 were retrospective cohort studies (15,17,
20,21,37,45), and there was 1 cross-sectional study (46). Most
studies were from the US (11–14,18,21,22,25,34,36,37,40,41)
and the UK (17,19,23,24,27,28,30–33,42,45), followed by
Canada (26,35,39,43), Australia (29), Chile (20), China (15),
Finland (44), Pakistan (46), South Korea (16), and Sweden (38).

Twenty-three studies were cost-utility analyses (11–14,18,
21–24,27,28,31,33–36,38–43,45), 11 were cost-effectiveness
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(15–17,19,20,25,26,29,32,44,46), one was a combined cost-
utility and cost-effectiveness (30), and one was a cost-
minimization (37). There was variability in the study perspec-
tive. Seventeen studies were from a provider’s perspective
(11–13,15,19,21,24,25,27,30,32,34,35,37,42,44,45), 6 were
from either a health care (14,16–18,22,43) or societal
(23,28,31,36,38,40) perspective. Single studies considered a
range of other perspectives (20,23,26,29,39,41,46). Reported
conflict of interest was low across the included studies, with
6 reporting potential competing interests (13,14,23,35–37).

Methodologic quality assessment. All included studies
were judged to have scored ‘yes’ in 9 of the 35 questions from
the Drummond checklist, with the scores for each question
ranging from 22% to 100%. Eight questions from the checklist
had <50% scoring ‘yes,’ with the questions receiving <30%
compliance being 1) an explanation is given if costs and benefits
are not discounted, and 2) details of currency of price adjust-
ments for inflation or currency conversion. One study scored
‘yes’ in all 35 questions (23), while 2 others (38,41) scored
100% following the removal of not appropriate questions.

Records a�er duplicates removed
(n = 6,717)

Records screened
(n = 6,717)

Records excluded
(n = 6,607)

Full-text ar�cles assessed for
eligibility
(n = 110)

Full-text ar�cles excluded, with
reasons
(n = 74)

Wrong outcomes, n = 20
Conference abstract, n = 11
Did not evaluate treatment, n = 10
Did not calculate costs, n = 7
Wrong pa�ent popula�on, n = 7
Did not produce cost differences, n = 6
Wrong study design, n = 4
Wrong study design – editorial, n = 3
No compara�ve group, n = 2
Duplicate, n = 2
Wrong interven�on, n = 1
Par�cipants moved between groups, n = 1

Studies included
(n = 36)

Duplicates iden�fied and removed via EndNote:

Ini�al search (n = 6,342)
Updated search (n = 300)

Duplicates iden�fied and removed via
Covidence:

Ini�al search (n = 34)
Updated search (n = 21)

TOTAL (n = 6,697)

Records iden�fied through database
searching

Ini�al search between Jan 30 to Feb 4, 2019 (n = 12,666)
CINAHL (n = 1,065)

Cochrane CENTRAL (n = 210)
Embase (n = 3,587)
Medline (n = 1,611)
PubMed (n = 1,175)
Scopus (n = 2,327)

Web of Science (n = 2,691)

Updated search Jan 13, 2020 (n = 748)
CINAHL (n = 107)

Cochrane CENTRAL (n = 9)
Embase (n = 238)
Medline (n = 52)
PubMed (n = 43)
Scopus (n = 145)

Web of Science (n = 154)

TOTAL (n = 13,414)

Figure 1. Selection process for inclusion of articles in this review of the cost-effectiveness of interventions for musculoskeletal foot and ankle
conditions. CINAHL = Cumulative Index to Nursing and Allied Health Literature.
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Seventeen studies scored yes for at least 80% of appropriate
questions (11–13,22,23,28,30,31,33–36,38–41,43), with the over-
all scores for each study ranging from 40–100%. Details from the
quality appraisal can be found in Supplementary Table 4, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24514/abstract.

OA and joint deformity. End-stage ankle OA, MTP1 joint
OA/pain, and hallux valgus were each investigated in 3 studies,
with another study (42) investigating all 3 conditions. The studies
specifically investigating end-stage ankle OA (11,12,41) scored
highly in study quality assessment. While ankle arthrodesis was
found to be superior to nonsurgical management, total ankle
replacement (TAR) may be the most dominant strategy until the
patient reaches 60 years of age, after which ankle arthrodesis
may be more cost-effective (41). Management of OA or pain at
the MTP1 joint was investigated by cost-effectiveness of surgical
intervention only, and these studies (19,21,45) were found to have
been evaluated by less robust economic evaluations. The studies
investigating hallux valgus (20,43,44) were of marginally better
quality than the management of OA or pain at the MTP1 joint; all
found surgery to be clearly more expensive than not having sur-
gery, although one study found that it resulted in an increase of
1 QALY at <$5,000 (43). Finally, the one evaluation of fixation fol-
lowing hammertoe repair found that the effectiveness of a com-
mercial implant was not worth the increased cost compared
with a percutaneous K-wire, as the commercial implant had an
ICER of >$100,000/QALY (22).

Fractures, ruptures, and sprains. The highest-ranking
study in this review evaluated the management of patients follow-
ing ankle sprain with an inability to bear weight. This study found
an improved quality of life (QoL) associated with either below-
knee cast, Aircast® brace, or Bledsoe® boot compared with tubu-
lar bandage; however, there were no long-term between-group
differences in QoL (23). The below-knee cast and Aircast brace
may be the most attractive options, with small costs resulting in
QALY gains compared to the other strategies.

A large RCT (33), which scored high in study quality, found
close contact casting to be dominant compared to open-
reduction internal fixation (ORIF) for unstable ankle fracture
(in individuals age >60 years) in the short term. Another study,
which scored lower in quality, found that nonsurgical management
of unstable ankle fractures had lower short-term costs, but ORIF
may be the preferred option if it reduces the incidence of ankle
arthrosis by >3% (35). Surgical interventions were dominant in
evaluations that compared nonsurgical management with surgical
repair of calcaneal fractures in 2 high-quality studies (39,40). The
evaluations comparing surgical repair with nonsurgical manage-
ment for Achilles tendon rupture all found cost savings associated
with nonsurgical management with small and inconsistent differ-
ences in QALYs (36–38) but were among the highest ratings for

quality, and therefore their results should be strongly considered.
Various other management strategies for fractures and sprains
are reported in Tables 1 and 2, but they were generally of lower
quality, and their results should be considered in this light.

Tendinopathy, enthesopathy, and soft-tissue symp-
toms. Simple insoles were cheaper than custom-made foot
orthoses and had similar levels of improvement in pain for the
treatment of foot pain in individuals with rheumatoid arthritis (31),
and functional foot orthoses were cost-effective compared with
accommodative orthoses for the treatment of plantar heel pain
(ICER £1,650/QALY) (28), although another study found no differ-
ence in pain reduction between groups with custom-made and
prefabricated orthoses despite the custom-made product being
40% more expensive (27). This study, however, had significant
flaws in its methodologic approach to economic evaluation, more
than double that of the other studies investigating the effective-
ness of foot orthoses.

The use of eccentric exercises or prolotherapy (and in combi-
nation) for the management of noninsertional Achilles tendinopa-
thy found no long-term benefit of using prolotherapy, although
there was an increase in initial response rate at an increased cost
(29). The strength of recommendation from this study should also
be considered in light of the >30% relevant questions that were
answered ‘no’ in its appraisal.

Finally, the only study to consider the cost-effectiveness of
glucocorticoid injection compared glucocorticoid with local anes-
thetic against local anesthetic alone for the management of
Morton’s neuroma; this was a high-quality economic evaluation
(30). This study found that the addition of glucocorticoids may
be more cost effective (ICER $7,870/QALY); however, the
difference in cost and QALYs was small.

Clubfoot. The Ponseti method for the management of club-
foot in Sub-Saharan Africa results in a large increase in disability-
adjusted life years (DALYs) for a low cost (ICER $18/DALY) (32),
and nonsurgical management was clearly cost effective com-
pared with surgical management for the treatment of clubfoot,
as it was both cheaper and more clinically effective (46); however,
both studies investigating the management of clubfoot did not
meet the criteria of 9 questions in the quality appraisal.

Given the degree of heterogeneity between the interventions,
populations, and economic reporting, in line with a previous
systematic review of economic evaluations (47), it was not
appropriate to conduct subgroup analyses or a meta-analysis of
the results.

DISCUSSION

The aim of this systematic review was to identify, appraise,
and synthesize the literature pertaining to the cost-effectiveness
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of interventions for musculoskeletal foot and ankle conditions.
This review identified 36 studies of economic evaluations of surgi-
cal and nonsurgical treatments, primarily from the US and the UK
and for OA, joint deformity, and trauma. Several interventions per-
formed favorably in their respective evaluations and were judged
as being more effective and less costly than their comparator.
High-quality economic evaluations were available for both acute
and chronic conditions, but given the variations in comparator
and setting, we found that many interventions for musculoskeletal
foot and ankle conditions have a limited evidence base regarding
cost-effectiveness, which is something to be considered by clini-
cians and administrators.

The management of OA was investigated across a range of
studies. End-stage ankle OA was of particular interest as these
studies were high-quality economic evaluations, with TAR per-
forming well in a number of models (11,12,41). The study authors
frequently use a base case of a 60-year-old with end-stage OA,
and therefore the results are likely applicable to this cohort, with
some concern over any implants; longevity is an obvious concern
if the results are extrapolated to a younger population. Ankle
arthrodesis may be a more cost-effective procedure in an older
patient, as the upfront costs are smaller. Furthermore, as TAR is
not an option for all episodes of ankle OA, its utility is likely indi-
cated for a subset of the population with end-stage OA, and 2 of
the models suggested that while it was more effective, it was also
more costly. Referral by rheumatologists and other health care
providers to surgeons for the management of end-stage ankle
OA appears to be beneficial for the patient and society.

Arthrodesis is a predictable therapy for symptomatic
arthropathy of the MTP1 joint, and indeed, this performed well in
the studies included in this review; but unlike ankle OA, the quality
of the studies was poor, and the results should therefore be con-
sidered with this caveat. The use of MTP1-joint implants was also
evaluated, with mixed results of efficacy. The total joint arthro-
plasty has been largely abandoned in clinical practice now, but
the hemiarthroplasty remains popular, and in a cohort study,
resulted in QALY gains at a reasonable cost (45). As with arthrod-
esis of the MTP1 joint, the quality of these studies means that rec-
ommendation of their use in clinical practice guidelines, from an
economic perspective, should be tempered.

Appropriate guidance on a health service’s response to a
traumatic incident is perhaps more important than its response
to chronic symptoms, as clinicians may not have extended time
to contemplate treatment. Traumatic conditions accounted for
the majority of the interventions found to be dominant. The fixation
of a traumatic fracture of the calcaneus was investigated in 3 stud-
ies, with 2 of these being high-quality economic evaluations in
which models were constructed finding that surgical repair is
dominant (cheaper and resulted in more QALY gains) to nonsurgi-
cal management, with the minimally invasive ORIF perhaps the
better option. This would appear to be the most cost-effective
management strategy, and the cost of surgery is likely offset by

the reduced risk of morbidity associated with posttraumatic OA
of the subtalar joint.

Economic evaluation of pharmacologic interventions for foot
and ankle symptoms has been largely avoided. A high-quality
study on glucocorticoid use for Morton’s neuroma included in this
review provided small economic benefits, but given the frequent
use of oral and injectable medicines for chronic foot and ankle
symptoms, further work in this area would be prudent. Addition-
ally, the use of rehabilitative exercises and foot orthoses for tendi-
nopathy and enthesopathy are regularly used in practice, but
study quality regarding economic benefits would need to improve
before they could be recommended. Nonsurgical management
strategies were, however, found to be more cost effective in
high-quality studies compared to surgical intervention for both
Achilles tendon ruptures and unstable ankle fractures in older indi-
viduals. It is worth noting that the clinical measures used for
recovery after Achilles tendon repair may be misleading. While
pain and function are similar between surgical and nonsurgical
repair, return to play may be a better measure to consider, partic-
ularly for athletes, as 20% of individuals will not return to play fol-
lowing Achilles tendon rupture (48).

More studies on nonsurgical management of traumatic con-
ditions are likely needed to convince surgeons, who are ultimately
responsible for individual patient management, not for a health
service budget. Surgeons may feel some level of negligence man-
aging unstable ankle fractures or Achilles tendon ruptures in casts
or walking boots, particularly if a patient has a poor clinical out-
come. This also highlights a point raised by others: that all health
economic evaluations need buy-in from clinicians who must
implement the proposed changes and are often responsible for
clinical practice guideline development; this lack of persuasion
has been proposed as being a barrier for change (49). Further-
more, the development of clinical practice guidelines should
explicitly consider health economics to appropriately inform clini-
cians what effect their decisions may have economically.

A strength of this review is the breadth of scope, including all
economic evaluations of interventions for musculoskeletal foot
and ankle conditions. However, this breadth results in a high
degree of heterogeneity in the studies in the interventions
assessed, the populations of interest, and the data sources and
methods used in the economic evaluations. The differences in
health systems across the world will influence the interpretation
of these results and how they may apply to the management of
conditions. A largely publicly funded health care system, such as
the National Health Service, will cost therapies without copayment
and profit margin, and there is therefore a need to be cautious in
applying these figures to other health services. The quality
assessment found similar deficiencies as have been found in a
previous systematic review of economic evaluations (50) in which
discounting and currency adjustment were poorly reported. Many
of the economic evaluations had short time horizons, so the eval-
uations were not able to account for long-term effects in the
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economic evaluations. Furthermore, if the cost of interventions
increases over time, without an incremental increase in pain
reduction or improved function, apparent cost-effectiveness may
be lost, meaning that economic evaluations may need to be con-
tinually updated.

In conclusion, it is clear that the upfront and high costs asso-
ciated with surgical intervention are justifiable for a number of con-
ditions, notably end-stage ankle OA and calcaneal fractures, with
multiple well-reported studies finding dominance. Nonsurgical
interventions for Achilles tendon rupture and unstable ankle frac-
tures in older individuals appear to be cost effective and were
based on high-quality economic evaluations. Foot and ankle
researchers should consider conducting robust economic evalu-
ations alongside clinical outcome measures, paying particular
attention to rigorous economic methodologic reporting and
longer-term follow-up. This concerted approach will help to pro-
vide context to clinicians and administrators when determining
the appropriateness of interventions and should be considered
by those developing clinical practice guidelines.
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Objective. The Systemic Lupus International Collaborating Clinics (SLICC) frailty index (FI) predicts mortality and
damage accrual in systemic lupus erythematosus (SLE), but its association with hospitalizations has not been
described. Our objective was to estimate the association of baseline SLICC-FI values with future hospitalizations in
the SLICC inception cohort.

Methods. Baseline SLICC-FI scores were calculated. The number and duration of inpatient hospitalizations during
follow-up were recorded. Negative binomial regression was used to estimate the association between baseline
SLICC-FI values and the rate of hospitalizations per patient-year of follow-up. Linear regression was used to estimate
the association of baseline SLICC-FI scores with the proportion of follow-up time spent in the hospital. Multivariable
models were adjusted for relevant baseline characteristics.

Results. The 1,549 patients with SLE eligible for this analysis were mostly female (88.7%), with a mean � SD age of
35.7 � 13.3 years and a median disease duration of 1.2 years (interquartile range 0.9–1.5) at baseline. Mean � SD baseline
SLICC-FI was 0.17 � 0.08. Duringmean � SD follow-up of 7.2 � 3.7 years, 614 patients (39.6%) experienced 1,570 hospital-
izations. Higher baseline SLICC-FI values (per 0.05 increment) were associated with more frequent hospitalizations during fol-
low-up, with an incidence rate ratio of 1.21 (95% confidence interval [95% CI] 1.13–1.30) after adjustment for baseline age,
sex, glucocorticoid use, immunosuppressive use, ethnicity/location, SLE Disease Activity Index 2000 score, SLICC/American
College of Rheumatology Damage Index score, and disease duration. Among patients with ≥1 hospitalization, higher baseline
SLICC-FI values predicted a greater proportion of follow-up time spent hospitalized (relative rate 1.09 [95% CI 1.02–1.16]).

Conclusion. The SLICC-FI predicts future hospitalizations among incident SLE patients, further supporting the
SLICC-FI as a valid health measure in SLE.

INTRODUCTION

Patients with systemic lupus erythematosus (SLE) experi-

ence higher rates of hospitalization compared to the general

population. Most commonly, these hospitalizations are related to

active SLE (1–5), treatment complications (1–6), or comorbidities

(7). Hospitalizations are a major source of direct and indirect costs

in SLE (6,8–13) and correlate with increased mortality (4). While
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hospitalization rates, length of admission, in-hospital mortality

rates, and reasons for hospitalization have been well-documented

in prior SLE studies (1–3,5,6,14), our understanding of the patient

characteristics associated with hospitalizations in SLE remains

incomplete (1,4,5,15,16). In particular, our ability to predict which

patients with SLE are at highest risk for hospitalization is limited.
In geriatric medicine (17), and increasingly in other disciplines

(18–21), differences in susceptibility to adverse health outcomes,
such as hospitalizations, can be quantified using the construct of
frailty, defined as a state of increased vulnerability with diminished
ability to respond to stressors (22). One approach to operationa-
lizing frailty is the frailty index (FI) (23), which conceptualizes frailty
as a loss of physiologic reserve arising from the accumulation of
health deficits across multiple systems (24,25). Individuals with
few deficits are relatively fit, while those with more health prob-
lems are increasingly frail and thus more vulnerable to adverse
outcomes (26,27). The validity of the FI approach is well-
established in non-lupus populations (23,28–31). Recently, we
used data from the Systemic Lupus International Collaborating
Clinics (SLICC) inception cohort to construct the first FI specifi-
cally for use in SLE (32). We demonstrated a strong association
between higher baseline SLICC-FI values and increased risk of
subsequent organ damage accrual (33) and mortality (34) among
patients with SLE. Given the mortality risk, economic costs, and
decreased quality of life associated with hospitalizations in SLE,
predicting which patients with SLE are at highest risk for

SIGNIFICANCE & INNOVATIONS
• The Systemic Lupus International Collaborating

Clinics (SLICC) frailty index (FI) predicts the rate of
all-cause hospitalizations during follow-up among
patients with systemic lupus erythematosus (SLE)
in the SLICC inception cohort, independent of other
patient characteristics known to be associated with
hospitalizations in SLE.

• The SLICC-FI has now been shown to predict multi-
ple adverse health outcomes among patients with
SLE, including hospitalizations, organ damage
accrual, and mortality, suggesting that it is a robust
measure of vulnerability in this population.

• Following external validation, the SLICC-FI may be a
useful prognostic tool for identifying high-risk
patients with SLE who may benefit from closer out-
patient monitoring or more aggressive outpatient
interventions to prevent hospital admissions.
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hospitalization would be advantageous. Our primary objective
was to estimate the association between baseline SLICC-FI val-
ues and the rate of hospitalizations during follow-up in the SLICC
inception cohort. A secondary objective was to estimate the
association of baseline SLICC-FI scores with the proportion of
follow-up time spent hospitalized.

PATIENTS AND METHODS

Data source. This was a secondary analysis of longitudinal
data collected in the SLICC inception cohort. The SLICC network
comprises 52 investigators at 43 academic centers in 16 countries.
From 1999 to 2011, an inception cohort of patients with SLE was
recruited from 31 SLICC sites in Europe, Asia, and North America.
Patients were enrolled within 15 months of SLE diagnosis, based
on the revised American College of Rheumatology (ACR) classifi-
cation criteria for SLE (35). Data were collected on 1,826 patients
with SLE per a standardized protocol, submitted to the coordinat-
ing centers at the University of Toronto (Toronto, Ontario, Canada)
and Dalhousie University (Halifax, Nova Scotia, Canada), and
entered into centralized databases. The study was approved by
the institutional research ethics boards of all participating centers,
and all participants provided written informed consent.

Patient assessments. Patients were evaluated at enroll-
ment and annually for the following variables: demographic features
(age, sex, race/ethnicity, and education), physical measurements
(blood pressure, height, and weight), medications (glucocorticoids,
antimalarials, and immunosuppressives), ACR classification criteria
for SLE (35), medical comorbidities, neuropsychiatric events (36,37),
SLE disease activity (SLE Disease Activity Index 2000 [SLEDAI-2K]
[38]), cumulative organ damage (SLICC/American College of Rheu-
matology Damage Index [SDI] [39]), and health-related quality of life
(Medical Outcomes Study Short Form 36 health survey [SF-36]
[40]). Pertinent laboratory investigations were performed locally at
each visit (41).

SLICC-FI construction. Construction of the SLICC-FI is
described in detail elsewhere (32). Briefly, we established a base-
line data set of 1,683 patients, consisting of each patient’s first
SLICC visit at which both the SDI and SF-36 were completed.
Variables were selected from the baseline data set for inclusion
in the SLICC-FI if they met the standard criteria for a health deficit,
defined as any symptom, disease process, functional impairment,
or laboratory abnormality that is acquired, associated with chro-
nologic age, associated with adverse health outcomes, present
in ≥1% and ≤80% of patients, and nonmissing for ≥95% of
patients (23). There was no requirement for the relationships of
each individual variable with either age or mortality to reach statis-
tical significance.

Of 222 candidate variables, 48 items met the criteria for
inclusion in the SLICC-FI. The 48 health deficits spanned multiple

organ systems and included items related to organ damage, dis-
ease activity, comorbidities, and functional status. Each health
deficit was assigned a scoring system from 0 (deficit completely
absent) to 1 (deficit fully present) using definitions from the SLE lit-
erature (35,36,38–40). Detailed information is located in Supple-
mentary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24504/
abstract.

Baseline SLICC-FI scores were calculated for each patient as
the sum of their individual health deficit scores divided by the total
number of deficits considered. For example, an individual with
12 of 48 health deficits would have a SLICC-FI score of 0.25.

Measurement of hospitalizations. Inpatient hospital
admissions were recorded systematically at each follow-up visit.
Hospitalizations were initially identified by patient self-report and
then confirmed by medical record review. All hospitalizations were
recorded, regardless of attribution. The dates of hospital admis-
sion and discharge were obtained from the medical record and
the length of stay was recorded. Patients with no follow-up
assessments after their baseline visit were excluded from the
analysis.

Using length of stay data for each hospitalization, we calcu-
lated the total number of follow-up days spent hospitalized for
each patient. We were unable to fit regression models to evaluate
the relationship of baseline SLICC-FI values with the total number
of days spent hospitalized or the average length of stay, due to
the significant overdispersion and non-normality of these vari-
ables. Instead, we calculated the proportion of follow-up time
spent hospitalized for each patient with ≥1 hospitalization during
follow-up, by dividing the total number of days spent hospitalized
by total follow-up time.

Statistical analysis. Descriptive statistics were calculated
for baseline demographic and clinical characteristics, baseline
SLICC-FI values, and the number of hospitalizations during
follow-up. We compared the rate of hospitalizations per patient-
year of follow-up between patients classified as frail at baseline
(SLICC-FI >0.21) versus those who were not frail (SLICC-FI
≤0.21). This FI cutoff value has been validated in non-SLE popula-
tions where FI scores >0.21 are strongly associated with pheno-
typic frailty and <5% of individuals with FI scores above this
threshold are phenotypically nonfrail (28,42,43).

We initially fit Poisson models for the number of hospitaliza-
tions during follow-up, which assume that the variance of count
data are equal to their mean. However, the observed variability in
the number of hospitalizations during follow-up was greater than
expected. While the majority of patients were never hospitalized
during follow-up, a few patients had very frequent hospital admis-
sions. To accommodate for this overdispersion in the count data,
negative binomial regression was used. To account for differential
follow-up time, we evaluated the association of baseline SLICC-FI
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scores with the rate of hospitalizations during follow-up, including
follow-up time (in patient-years) as an offset in all models.

To evaluate the association of baseline SLICC-FI scores with
the proportion of follow-up time spent in the hospital, we log-
transformed the outcome variable to achieve normality. We used
linear regression to assess the relationship between baseline
SLICC-FI values and the proportion of follow-up time spent in
the hospital (log-transformed), adjusting for total follow-up time
(log-transformed). All models met the assumptions of linearity,
homoscedasticity, and normality of errors required for linear
regression.

Similar model-building procedures were used to evaluate the
association of baseline SLICC-FI scores with 1) the rate of hospi-
talizations during follow-up using negative binomial regression,
and 2) the proportion of follow-up time spent in the hospital (log-
transformed) using linear regression. First, a univariable model
was constructed with the baseline SLICC-FI (per 0.05 increase)
as the independent variable. To identify potential confounders of
the relationship between the baseline SLICC-FI and subsequent
hospitalizations, we considered demographic and clinical vari-
ables previously shown to be associated with hospitalizations in
SLE (1,4,5,15,16). Univariable models for the hospitalization out-
comes were constructed with each potential confounder as the
independent variable. Multivariable models were then constructed,

which included the baseline SLICC-FI and any potentially confound-
ing variables with P values less than 0.1 in univariable analysis.

For each outcome, we used a likelihood ratio test to compare
the goodness-of-fit of the multivariable model with versus without
the inclusion of the baseline SLICC-FI as a predictor variable. We
compared the relative performance of these alternative models
using the Akaike information criterion (AIC), with smaller AIC val-
ues, indicating better predictive quality. All models were assessed
for multicollinearity between independent variables. Data analysis
was conducted using STATA-IC software, version 14.

Sensitivity analyses. The SLICC-FI contains 15 health
deficits that are also captured by the SDI (for details, see Supple-
mentary Table 1, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24504/
abstract). To determine the relationship between baseline
SLICC-FI scores and future hospitalizations independent of base-
line organ damage, we repeated the above analyses after remov-
ing the overlapping damage items and calculating modified
SLICC-FI scores using the remaining 33 deficits. As a large pro-
portion of patients with SLE have SDI scores of zero early in dis-
ease (41,44), we also investigated whether the SLICC-FI could
predict future hospitalizations among patients without baseline

Table 1. Baseline demographic and clinical characteristics for all patients with SLE and for the subgroup
who were hospitalized at least once during follow-up*

Variables
All patients Hospitalized patients
(n = 1,549) (n = 614)

Age at baseline, mean � SD years 35.7 � 13.3 34.0 � 13.4
Female sex 1,374 (88.7) 539 (87.8)
Race/ethnicity
White 767 (49.5) 264 (43.0)
Black 249 (16.1) 97 (15.8)
Asian 245 (15.8) 139 (22.6)
Hispanic 236 (15.2) 88 (14.3)
Other 52 (3.4) 26 (4.2)

Region
US 393 (25.4) 121 (19.7)
Canada 377 (24.3) 148 (24.1)
Mexico 192 (12.4) 73 (11.9)
Europe 433 (28.0) 161 (26.2)
Asia 154 (9.9) 111 (18.1)

Education
Postsecondary 782 (50.5) 285 (46.4)
Missing 21 (1.4) 10 (1.6)

SLE disease duration, median (IQR) years 1.2 (0.9–1.5) 1.2 (0.9–1.5)
SLEDAI-2K, median (IQR) 2 (0–6) 4 (2–6)
Missing 5 (0.3) 2 (0.3)

SLICC/ACR Damage Index, baseline = 0 1,179 (76.1) 450 (73.3)
Medication use
Glucocorticoids 1,089 (70.3) 470 (76.5)
Antimalarials 1,048 (67.7) 412 (67.1)
Immunosuppressives 631 (40.8) 278 (45.3)

SLICC frailty index, mean � SD 0.167 � 0.079 0.178 � 0.082

* Values are the number (%) unless indicated otherwise. ACR = American College of Rheumatology;
IQR = interquartile range; SLE = systemic lupus erythematosus; SLEDAI-2K = SLE Disease Activity Index
2000; SLICC = Systemic Lupus International Collaborating Clinics.
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organ damage by repeating the above analyses in the subgroup
of patients with SDI = 0 at baseline.

For some hospitalizations, length of stay was <24 hours. As
these events may have represented elective interventions rather
than acute medical issues, we repeated the above analyses,
excluding all <24-hour hospitalizations. To address the potential
impact of differential follow-up, we selected different follow-up time
cut points, based on the 10th percentile (2.5 years), 25th percentile
(5 years), 50th percentile (7.5 years), 75th percentile (10 years), and
90th percentile (12.5 years) for follow-up time in the overall data set.
We repeated the primary analysis separately for patients with follow-
up time above versus below each cut point.

RESULTS

Baseline characteristics. Baseline characteristics of the
1,549 eligible patients (92.0% of the baseline data set; 84.8% of
the SLICC cohort) are shown in Table 1. Median SLE disease dura-
tion at baseline was 1.2 years (interquartile range [IQR] 0.9–1.5).
Baseline SLICC-FI values ranged from 0.004 to 0.510, with a
mean � SD of 0.17 � 0.08. There were 422 patients (27.2%) clas-
sified as frail at baseline (SLICC-FI >0.21).

Excluded patients. A total of 143 SLICC patients were
excluded from the baseline data set for SLICC-FI construction
due to missing data (32). Specific reasons for exclusion are
detailed elsewhere (32). These excluded patients were similar to
the patients included in the baseline data set with respect to their
enrollment characteristics (32).

An additional 134 patients (8.0% of the baseline data set)
were excluded from this analysis. One patient was excluded due
to insufficient baseline data to calculate a baseline SLICC-FI

score. The remaining 133 patients were excluded due to lack of
follow-up data on hospitalizations. Eight of these patients died
prior to their next follow-up visit, while 125 patients were lost to
clinic follow-up. The mortality rate during follow-up was not signif-
icantly different between excluded and included patients (8 of
134 [6.0%] versus 58 of 1,549 [3.7%]; P = 0.196).

There were no significant baseline differences between
excluded and included patients with respect to age, sex, educa-
tional attainment, SLEDAI-2K scores, therapeutic exposures, or
specific SLE manifestations (data not shown). There were differ-
ences between excluded and included patients based on race/eth-
nicity, which were largely explained by a higher proportion of
excluded patients at study sites within the US (data not shown).
SLE disease duration at baseline was slightly longer among
excluded patients (median 15.6 months versus 14.0 months
among included patients; P = 0.003), resulting in slightly higher
baseline SDI scores among excluded patients (mean 0.54 versus
0.40 among included patients; P = 0.05). Baseline SLICC-FI scores
were similar between excluded and included patients (P = 0.603).

Hospitalizations during follow-up. Over a mean � SD
follow-up of 7.2 � 3.7 years and a total of 11,189 patient-years,
1,570 hospitalizations occurred. There were 935 patients (60.4%)
without hospitalizations during follow-up. Of the 614 patients with
≥1 hospitalization, 280 (45.6%) had a single hospital admission, while
334 patients had multiple hospitalizations. Overall, the mean � SD
rate of hospitalizations was 0.15 � 0.32 per patient-year of follow-
up. The mean � SD length of stay was 7.4 � 12.4 days with a
median of 4.5 (IQR 3.0–8.3) days. Among patients classified as frail
at baseline (SLICC-FI >0.21), the number of hospitalizations per
patient-year of follow-up was 90% higher than the rate among

Table 2. Univariable and multivariable negative binomial regression models for the association of baseline SLICC-FI
scores with the number of hospitalizations per patient-year of follow-up among patients with SLE*

Univariable model Multivariable model†

No. Value No. Value

Main analysis 1,549 – 1,541 –

SLICC-FI (per 0.05) – 1.24 (1.18–1.32) – 1.21 (1.13–1.30)
Modified SLICC-FI‡ 1,549 – 1,541 –

SLICC-FI (per 0.05) – 1.16 (1.11–1.21) – 1.14 (1.08–1.19)
>24-hour hospitalizations§ 1,549 – 1,541 –

SLICC-FI (per 0.05) – 1.24 (1.17–1.31) – 1.22 (1.13–1.31)
Baseline SDI = 0 subgroup¶ 1,179 – 1,173 –

SLICC-FI (per 0.05) – 1.26 (1.17–1.35) – 1.26 (1.16–1.38)

* Values are the incidence rate ratio (95% confidence interval). All reported incidence rate ratios were associated
with P values <0.001. Frailty index; SDI = Systemic Lupus International Collaborating Clinics (SLICC)/American Col-
lege of Rheumatology Damage Index; SLE = systemic lupus erythematosus.
† Model adjusted for the following baseline characteristics: age, sex, ethnicity/location, SLE Disease Activity Index
2000 score, SDI score, immunosuppressive use, steroid use, and SLE disease duration.
‡ Excludes 15 health deficits related to organ damage. Modified baseline SLICC-FI scores were calculated using the
remaining 33 health deficits.
§ Excludes hospital admissions in which length-of-stay was less than 24 hours in duration.
¶ Excludes patients with SLE with preexisting organ damage (SDI >0) at baseline. All included patients had baseline
SDI scores of 0, and therefore baseline SDI was omitted from the multivariable model.
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nonfrail patients, with an incidence rate ratio [IRR] of 1.90 (95% confi-
dence interval [95% CI] 1.54–2.33).

Baseline SLICC-FI scores and the rate of hospitaliza-
tions during follow-up. In unadjusted analysis, each 0.05
increase in baseline SLICC-FI was associated with a 24%
increase in the rate of hospitalizations during follow-up (IRR 1.24
[95% CI 1.18–1.32]) (Table 2). Evaluating potential confounders
of the relationship between baseline SLICC-FI scores and subse-
quent hospitalizations, we found that younger age, male sex, glu-
cocorticoid use, immunosuppressive use, shorter SLE disease
duration, and higher baseline SLEDAI-2K and SDI scores were
associated with increased rates of hospitalizations per patient-
year of follow-up (Table 3). There were also differences in hospital-
ization rates based on race/ethnicity and geographic region
(Table 3), but these were not independent of one another.

Therefore, for multivariable analysis, a combined ethnicity/region
variable was created.

Each 0.05 increase in the baseline SLICC-FI remained asso-
ciated with a 21% increase in the number of hospitalizations per
patient-year of follow-up (IRR 1.21 [95% CI 1.13–1.30]), after
adjusting for baseline age, sex, glucocorticoid use, immunosup-
pressive use, ethnicity/location, SLEDAI-2K score, SDI score,
and disease duration (Table 2). The addition of the baseline
SLICC-FI was associated with significant improvement in the
goodness-of-fit (likelihood ratio test statistic 35.56; P < 0.001)
and relative predictive quality (change in AIC = –33.6) of the multi-
variable model for future hospitalizations.

Baseline SLICC-FI scores and the proportion of
follow-up time spent hospitalized. Among the 614 patients
with ≥1 hospitalization during follow-up, the proportion of follow-
up time spent hospitalized ranged from 0.02% to 18.6% with a
median of 0.33% (IQR 0.14–0.80). Each 0.05 increase in the
baseline SLICC-FI was associated with a 9% increase in the pro-
portion of follow-up time spent hospitalized (relative rate 1.09
[95% CI 1.02–1.16]), after adjusting for baseline age, sex, ethnic-
ity/location, glucocorticoid use, immunosuppressive use, SLEDAI-
2K score, SDI score, and follow-up time in years (log-transformed)
(Table 4). Both goodness-of-fit (likelihood ratio test statistic 6.19;
P = 0.013) and relative predictive quality (change in AIC = –4.2) were
improved with the addition of the baseline SLICC-FI to the multivar-
iable model.

Results of sensitivity analyses. The relationship between
higher baseline SLICC-FI values and an increased rate of hospitali-
zations during follow-up remained significant after removing
damage-related items and calculating modified SLICC-FI scores
using the remaining 33 health deficits (Table 2). Similarly, among
individuals with ≥1 hospitalization during follow-up, baseline values
for the modified SLICC-FI remained significantly associated with
the proportion of follow-up time spent hospitalized (Table 4).

Among the 1,179 patients with an SDI of 0 at baseline,
450 (38.2%) had ≥1 hospitalization during a mean � SD follow-
up interval of 7.3 � 3.6 years. In this subgroup, higher baseline
SLICC-FI scores remained associated with a significant increase
in the rate of subsequent hospitalizations (Table 2). Among
patients without baseline damage but with ≥1 hospitalization dur-
ing follow-up, higher baseline SLICC-FI values predicted a greater
proportion of follow-up time spent hospitalized (Table 4).

In the sensitivity analysis stratified by follow-up time (Table 5),
a consistent relationship between higher baseline SLICC-FI
scores and an increased rate of hospitalizations per patient-year
of follow-up was maintained in all subgroups. Finally, 107 hospital
admissions were less than 24 hours in duration. Our results were
unchanged when these hospitalizations were excluded from the
analysis (Tables 2 and 4).

Table 3. Univariable negative binomial regression models for the
association of baseline demographic and clinical variables with the
number of hospitalizations per patient-year of follow-up among
patients with SLE in the baseline data set (n = 1,549)*

Independent variable Value P

Baseline age, years 0.99 (0.98–1.00) 0.001
Sex
Female Ref. –

Male 1.36 (1.00–1.85) 0.048
Race/ethnicity
Caucasian Ref. –

Hispanic 0.87 (0.63–1.18) 0.370
Black 1.58 (1.17–2.13) 0.003
Asian 2.03 (1.62–2.55) <0.001
Other 1.83 (1.14–2.94) 0.012

Geographic location
US Ref. –

Canada 0.82 (0.60–1.12) 0.203
Mexico 0.60 (0.42–0.84) 0.003
Europe 0.87 (0.64–1.18) 0.355
Asia 2.17 (1.62–2.91) <0.001

Postsecondary education†
No Ref. –

Yes 0.85 (0.70–1.04) 0.120
Glucocorticoid use
No Ref. –

Yes 1.91 (1.53–2.38) <0.0001
Immunosuppressive use
No Ref. –

Yes 1.49 (1.23–1.81) 0.0001
Antimalarial use
No Ref. –

Yes 0.91 (0.73–1.13) 0.377
SLEDAI-2K (per 1.0) 1.06 (1.04–1.08) <0.001
SDI (per 1.0) 1.25 (1.13–1.38) <0.001
SLE disease duration, years 0.99 (0.98–1.00) 0.008

* Values are the incidence rate ratio (95% confidence interval) unless
indicated otherwise. Ref. = reference; SDI = Systemic Lupus Interna-
tional Collaborating Clinics/American College of Rheumatology Dam-
age Index; SLE = systemic lupus erythematosus; SLEDAI-2K = SLE
Disease Activity Index 2000.
† Amissing indicator was included for the 1.4% of patients for whom
these data were lacking.
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DISCUSSION

In an international disease inception cohort of patients with
SLE, we demonstrated an association between baseline SLICC-
FI values and the rate of all-cause hospitalizations during follow-
up. Higher levels of baseline frailty were associated with more fre-
quent hospital admissions, independent of other baseline charac-
teristics previously shown to predict hospitalizations in SLE.
Furthermore, among patients with ≥1 hospitalization, higher
baseline SLICC-FI scores were associated with a greater propor-
tion of follow-up time spent hospitalized.

Our results highlight the added value of the SLICC-FI for pre-
dicting future hospitalizations when considered in addition to exist-
ing prognostic factors in SLE. These findings add to our previous
work showing an association between baseline SLICC-FI values
and an increased risk of damage accrual (33) and mortality (34) in
the SLICC inception cohort. The ability of the SLICC-FI to predict
multiple adverse health outcomes among incident SLE patients
suggests that it is a robust measure of vulnerability in this population.

Health problems rarely occur in isolation, especially in
patients with a complex, systemic disease like SLE. Prior SLE

Table 5. Sensitivity analysis evaluating the impact of follow-up time on the association of baseline
SLICC-FI values with the number of hospitalizations per patient-year of follow-up among patients
with SLE in the SLICC inception cohort*

Cut point follow-up Univariable model Multivariable model

2.5 years
≤2.5 years (n = 188) 1.55 (1.27–1.91) 1.35 (1.04–1.75)
>2.5 years (n = 1,361) 1.22 (1.15–1.30) 1.21 (1.12–1.30)

5.0 years
≤5.0 years (n = 484) 1.31 (1.17–1.46) 1.19 (1.06–1.35)
>5.0 years (n = 1,065) 1.21 (1.13–1.30) 1.22 (1.13–1.31)

7.5 years
≤7.5 years (n = 824) 1.27 (1.18–1.37) 1.21 (1.10–1.33)
>7.5 years (n = 725) 1.21 (1.11–1.31) 1.23 (1.12–1.35)

10.0 years
≤10.0 years (n = 1,184) 1.24 (1.16–1.32) 1.20 (1.11–1.30)
>10.0 years (n = 365) 1.26 (1.11–1.43) 1.24 (1.07–1.43)

12.5 years
≤12.5 years (n = 1,395) 1.23 (1.16–1.31) 1.19 (1.11–1.28)
>12.5 years (n = 154) 1.34 (1.14–1.58) 1.41 (1.15–1.72)

* Values are the incident rate ratio (95% confidence interval). All incidence rate ratios are per 0.05
increase in baseline Systemic Lupus International Collaborating Clinics (SLICC) frailty index (FI)
score. Models were adjusted for the following baseline characteristics: age, sex, steroid use, immu-
nosuppressive use, ethnicity/location, Systemic Lupus Erythematosus (SLE) Disease Activity Index
2000 score, SLICC/American College of Rheumatology Damage Index score, and SLE disease
duration.

Table 4. Unadjusted and adjusted linear regression models for the association of baseline SLICC-FI scores with the
proportion of follow-up time spent hospitalized among patients with SLE with ≥1 hospitalization during follow-up*

Unadjusted model† Adjusted model‡

No. Value No. Value

Main analysis 614 – 610 –

SLICC-FI (per 0.05) – 1.10 (1.04–1.17) – 1.09 (1.02–1.16)
Modified SLICC-FI§ 614 – 610 –

SLICC-FI (per 0.05) – 1.06 (1.01–1.11) – 1.05 (1.00–1.10)
>24-hour hospitalizations¶ 579 – 575 –

SLICC-FI (per 0.05) – 1.10 (1.03–1.18) – 1.08 (1.00–1.16)
Baseline SDI = 0 subgroup# 450 – 447 –

SLICC-FI (per 0.05) – 1.10 (1.02–1.19) – 1.13 (1.05–1.22)

* Values are the relative rate (95% confidence interval [95% CI]). Log-transformed outcome; regression coefficients
(β) and 95% CI back-transformed, exp (β), as relative rate and 95% CI. FI = frailty index; SDI = Systemic Lupus Inter-
national Collaborating Clinics (SLICC)/American College of Rheumatology Damage Index; SLE = systemic lupus
erythematosus.
† Adjusted for follow-up time in years (log-transformed) only.
‡ Adjusted for the following baseline characteristics: age, sex, steroid use, immunosuppressive use, ethnicity/loca-
tion, SLE Disease Activity Index score, SDI score, and follow-up time in years (log-transformed).
§ Excludes 15 health deficits related to organ damage. Modified baseline SLICC-FI scores calculated using the
remaining 33 health deficits.
¶ Excludes hospital admissions with length-of-stay <24 hours in duration.
# Excludes patients with SLE with preexisting organ damage (SDI >0) at baseline. All included patients had baseline
SDI scores of 0, and therefore baseline SDI was omitted from the multivariable model.

LEGGE ET AL644



studies have shown that the presence of multisystem involvement
and the number of organ systems affected are associated with
more frequent hospitalizations, increased risk of readmission, lon-
ger admissions, and increased in-hospital mortality (1,4,16).
These findings are likely explained by a loss of physiologic reserve
as health problems accumulate, impairing the individual’s ability to
respond to and recover from future health challenges. In an indi-
vidual with many preexisting deficits, new health threats are more
likely to result in severe illness requiring hospitalization.

The SLICC-FI extends this deficit accumulation approach to
capture the cumulative impact of the totality of an individual’s
health issues, regardless of whether the deficits represent mani-
festations of SLE, complications of its treatment, or unrelated
comorbidities. Acknowledging that health deficits contribute to
an individual’s risk of adverse outcomes irrespective of their attri-
bution may aid the prediction of hospitalizations, which often
result from complex, interrelated health and social issues. A more
holistic approach to prognostication may be particularly relevant
for patients with SLE, in whom attribution of a health issue to a
single, underlying cause is often difficult to ascertain.

Traditionally, the core dimensions of SLE, which include dis-
ease activity, organ damage, and health-related quality of life,
have been evaluated separately. However, this approach fails to
capture interactions between these domains and their potential
impact on prognosis. Conversely, the relationships that exist
between deficits from different domains within the SLICC-FI are
essential to its performance as a predictive tool. For example,
the scoring of the “cerebrovascular disease” health deficit weighs
transient ischemic attacks and debilitating strokes equally,
despite clear differences in their likely impact on prognosis. How-
ever, an individual with a disabling stroke will likely have additional
deficits related to their functional status, resulting in a higher
SLICC-FI score. Thus, incorporating deficits from different
domains into a single measure ensures that the overall impact of
complex health events is accurately represented in the SLICC-FI.
As this interrelatedness of health deficits from different domains
contributes significantly to the prognostic value of the FI, examin-
ing its components separately is unlikely to provide additional
insights and is not typically advised (25).

Patients with SLE in different geographic regions demon-
strated significant variability in hospitalization rates, which was
not fully explained by differences in disease characteristics. Other
possible explanations include variation in health care funding
models, accessibility of health care resources, and clinical prac-
tice patterns. Importantly, despite these regional differences in
hospitalization rates, a consistent relationship between higher
baseline SLICC-FI values and more frequent hospitalizations dur-
ing follow-up was maintained across all 5 geographic regions,
suggesting that the performance of the SLICC-FI as a prognostic
tool may be robust to differences in health care delivery.

Organ damage, measured using the SDI, is an important
predictor of adverse outcomes in SLE, including hospitalizations

(15,45). Some may question whether the relationship between
baseline SLICC-FI scores and future hospitalizations is reliant
upon the inclusion of deficits related to organ damage. However,
in our sensitivity analysis, the relationship between the modified
SLICC-FI and future hospitalizations persisted, despite removal
of items related to organ damage from the index. This finding sug-
gests that not only organ damage, but the global effect of deficit
accumulation, is driving the association of baseline SLICC-FI val-
ues with future hospitalizations. As a proportion of patients with
SLE remains free of organ damage captured by the SDI for sev-
eral years following diagnosis (41,44), the added prognostic value
of the SLICC-FI may be greatest early in disease, as demon-
strated in our subgroup analysis of patients without baseline
organ damage, in whom baseline SLICC-FI scores remained pre-
dictive of future hospitalizations.

Prior work suggests that a considerable proportion of hospital-
izations amongpatients with SLE are potentially preventable (46,47).
Patients at high-risk for hospitalization based on their SLICC-FI
score could be identified for closer outpatient monitoring or more
aggressive outpatient therapies to potentially avoid hospital admis-
sion. To guide the development of such interventions, it is important
to determine whether SLICC-FI values aremore strongly associated
with hospitalization for certain indications, such as infections, SLE
flares, or thromboembolic events. Unfortunately, data regarding
the most responsible diagnosis for each hospitalization were not
available for this analysis.

There are many factors that could contribute to the association
between baseline SLICC-FI scores and the proportion of follow-up
time spent hospitalized. One hypothesis is that a new health event will
lead to more severe illness and slower recovery in a frail individual,
resulting in a more prolonged hospitalization. Data regarding illness
severity were not available for the SLICC inception cohort, limiting
our ability to explore this idea further. Another potential determinant
of hospital length of stay is social vulnerability. Studies show that
many components of social vulnerability, such as low socioeconomic
status, housing instability, and social isolation, behave similarly to
health deficits by accumulating slowly over time and having a strong
association with adverse health outcomes (48). While social factors
are often adjusted for separately (48), these variables have also been
successfully included as health deficits in an FI (49). Unfortunately, we
could not assess the influence of social vulnerability on the relation-
ship between baseline SLICC-FI scores and future hospitalizations
due to a lack of available data in the SLICC inception cohort.

This study focused on the prediction of future hospitalizations
based on information available to clinicians early in the course of inci-
dent SLE. While the current analysis provides relevant information
for clinical decision-making early in disease, the impact of changes
in SLICC-FI scores over time remains unclear. Recent studies in
non-SLE populations suggest that rapidly increasing frailty is associ-
ated with worse health outcomes when compared to arriving at the
same level of frailty more slowly (50). Therefore, future work should
aim to understand the trajectories of SLICC-FI scores over time
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and how different trajectories relate to the risk of adverse outcomes
in SLE. This longitudinal analysis would also provide valuable
insights to inform recommendations regarding the optimal fre-
quency of SLICC-FI measurement in clinical practice.

Our study has important limitations. First, observation time
differed between patients, which could introduce bias if the asso-
ciation between the SLICC-FI and future hospitalizations varies
depending on follow-up time. However, our sensitivity analysis
demonstrated a consistent association between baseline
SLICC-FI values and future hospitalizations across follow-up time
strata, suggesting that this possibility was not a major concern.
Second, 277 patients (15.2% of the cohort) were excluded due
to missing data. However, we did not identify any major demo-
graphic or clinical differences between excluded and included
patients that would have biased our results, suggesting that our
data set remains representative. Last, the SLICC-FI has been
constructed and evaluated in a cohort of relatively young, recently
diagnosed patients with SLE managed in specialized clinics at
academic centers. Whether these findings can be generalized to
other SLE populations, such as older patients with longstanding
SLE, is unclear. External validation of the SLICC-FI in other
cohorts is required to confirm our results.

In conclusion, the SLICC-FI predicted future hospitalizations
in a cohort of relatively young patients with recently diagnosed
SLE. While additional validation studies are needed, the SLICC-
FI holds potential value as a method for identifying the most vul-
nerable patients with SLE who may benefit from closer outpatient
monitoring to prevent costly hospital admissions.
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Identification and Characterization of a High-Need,
High-Cost Group Among Hospitalized Patients With
Systemic Lupus Erythematosus

Allen Anandarajah, Caroline Thirukumaran, Katherine McCarthy, Sean McMahon, Changyong Feng,
and Christopher Ritchlin

Objective. To identify a high-need, high-cost (HNHC) group among hospitalized lupus patients and to compare
clinical and social factors of the HNHC group with those of other patients with lupus.

Methods. All hospitalizations for lupus in a tertiary care center over a 3-year period were recorded. The number of
admissions, 30-day readmissions, length of stay (LOS), and cost of admissions were compared for high-risk patients
with those of all other hospitalized lupus patients (OHLP) during this period. We then compared clinical measures (dou-
ble-stranded DNA [dsDNA] levels, complement proteins, body mass index, Systemic Lupus International Collaborating
Clinics/American College of Rheumatology Damage Index [SDI] scores, and Case Mix Index [CMI] scores) for the
HNHC cohort with those of the OHLP group. We additionally differentiated social factors (age, race and ethnicity, pov-
erty, and medication adherence) between the 2 groups.

Results. A total of 202 patients with lupus accounted for 467 hospitalizations over the study period. The total cost
of admissions was $13,192,346. Forty-four patients had significantly higher admissions, 30-day readmissions, and
LOS. Furthermore, the cost for this group was 6-fold that for the OHLP group, confirming the presence of an HNHC
cohort. The HNHC group had significantly higher dsDNA levels, SDI scores, and CMI scores compared with the OHLP
group. Infections were the most common cause of admission for both groups. Patients in the HNHC group were more
likely to be African American, younger, diagnosed with lupus at an earlier age, to have lower medication adherence, and
to be significantly more likely to live in areas of poverty.

Conclusion. A small group of patients with lupus (the HNHC group) accounts for most of the hospitalizations and
cost. The HNHC group has both social and clinical factors significantly different from other patients with lupus.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic, systemic,

autoimmune disease characterized by a remitting and relapsing

course that can result in major organ damage. Several studies

have demonstrated that patients with SLE, when compared to

other patients, are heavier consumers of health-care resources

(1–3). SLE patients are frequently hospitalized, and SLE has

the sixth highest readmission rate among all medical conditions

in the US (4). Hospital readmissions, particularly 30-day readmis-

sions, serve as an outcome measure of hospital care quality by

payers and other policymakers, including the Center for Medicare

and Medicaid Services. Thus, this metric has kindled renewed

interest among hospital administrators to decrease the number

of avoidable hospitalizations (4). We previously reported on the

impact of health care costs as a source of financial burden to the

patient due to disability and the loss of income from work and

highlighted the substantial costs to the hospital and the commu-

nity (5). Although we identified the impact of readmissions on the

hospitals and patients, we still lack knowledge about the individ-

ual patient characteristics and risk factors for admission to the

hospital.
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Recognizing the potential risk factors for hospitalizations
among patients with SLE is an important step toward helping

those patients improve the quality of their care and lowering the

financial and personal costs of recurrent hospitalizations for this

patient population. Traditionally, the scientific literature has inves-

tigated the role of clinical features as risk factors for hospitaliza-

tions. We and others have recorded infections as the most

common reason for hospitalizations among SLE patients, fol-

lowed by gastrointestinal (GI) symptoms, neurologic symptoms,

and cardiovascular events, which is consistent with the scientific

literature on medical reasons for hospitalizations among patients

with lupus (5–9). In our analysis, however, we also noted that the

majority of patients who were admitted were patients from within

the Rochester, NY city limits and largely of African American eth-

nicity, emphasizing the important role of social and behavioral fac-

tors as risk factors for hospitalizations. Indeed, SLE patients from

a lower socioeconomic status are known to have poorer out-

comes of disease and higher death rates (10,11). Moreover, the

scientific literature suggests that low socioeconomic status,

belonging to an ethnic minority, older age, the presence of multi-

ple comorbidities, and living in a rural area are associated with

an increased risk of hospitalizations for many chronic medical

conditions (12–17). Therefore, in order to understand risk factors

for hospitalizations among SLE patients, we systematically ana-

lyzed both clinical and social risk factors for hospitalizations at a

tertiary center over a 3-year period.
It is known that a small percentage of patients accounts for

the majority of health expenditures in the US (18). These
patients, referred to as high-need, host-cost (HNHC) patients,
often have multiple chronic conditions further complicated by
their inability to care for themselves and by their complex social
needs and behavioral elements (19). We thus hypothesized that,
similarly, a small group of patients with SLE would make up the
majority of hospitalizations and, consequently, the costs. To

assess this hypothesis, we collected data on costs, hospitaliza-
tions, and readmission rates among high-risk lupus patients
and compared the data to those from other hospitalized lupus
patients (OHLP) over the same period. Additionally, we com-
pared the clinical and social factors contributing to hospitaliza-
tions between this high-risk group and other hospitalized SLE
patients.

PATIENTS AND METHODS

This was designed as a single-center, retrospective study of
all patients with SLE hospitalized at Strong Memorial Hospital
(SMH) in Rochester, New York. Local institutional review board
approval was obtained to review patient charts and conduct the
study. SMH is a large academic university teaching hospital with
>750 beds and is a major tertiary referral center for rheumatology
inpatient care in western New York. Billing data were used to
identify all hospitalizations that included an International Classifi-
cation of Diseases, Ninth Revision (ICD-9) or ICD-10 Clinical
Modification code for SLE as a primary or secondary diagnosis
for the period between July 1, 2013 and June 30, 2016. All cases
retrieved from billing data were analyzed to confirm the diagnosis
of SLE using the American College of Rheumatology criteria (20)
or by assessing the key clinical variables underlying the rheuma-
tologist’s diagnosis of SLE.

Admission and financial data. We collected the follow-
ing data on hospitalizations: the number of admissions, 30-day
readmissions, length of stay (LOS), and the true cost of admis-
sions for all SLE patients admitted over the 3-year study period.
For the purpose of our study, we defined those who required ≥3
admissions over a 3-year period as high-risk patients. We based
this definition on previous studies that defined high utilizers, data
on average yearly admissions for lupus patients, and on the distri-
bution of admissions for all patients in our cohort (21,22). To
determine if there was an HNHC subgroup among hospitalized
SLE patients, we compared the number of admissions, LOS,
and cost of hospitalizations between the high-risk SLE patients
and all other SLE patients who required admission over the same
3-year period.

Clinical and disease activity measures. We then
retrieved and compared data on double-stranded DNA (dsDNA)
levels, complement protein levels (C3 and C4), as well as the
body mass index (BMI) for the HNHC and OHLP cohorts. These
measurements were from outpatient visits prior to admissions.
We calculated the Systemic Lupus International Collaborating
Clinics/American College of Rheumatology Damage Index (SDI)
score from clinic notes prior to admission and also recorded the
Case Mix Index (CMI) score at time of admission for each hospi-
talization for both groups. Additionally, we reviewed the medical
records of all patients and noted the primary organ system

SIGNIFICANCE & INNOVATIONS
• We demonstrated that a small group of patients

with lupus accounts for a majority of admissions,
30-days readmissions, length of stay, and cost and
constitutes a high-need, high-cost (HNHC) group.

• The HNHC group had significantly worse disease
activity compared to other patients with lupus.
Importantly, however, we noted that patients in
the HNHC group also have significantly different
social factors that distinguish them from other hos-
pitalized patients.

• The identification of the HNHC cohort and the risk
factors for hospitalizations for this cohort will help
pave the way to develop programs that improve
the quality of care for high-risk lupus patients and
at the same time lower the cost of care for all
patients with lupus.
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involved as the cause of hospitalization based on the assessment
of a rheumatologist or by the emergency department staff attend-
ing at the time of admission for all admissions.

Social, demographic, and behavioral factors. We
gathered and differentiated information on the sex, race and eth-
nicity, age at time of study, and age when the diagnosis of SLE
was made and categorized for poverty based on the zip code of
primary residence for both groups. Determination of areas of pov-
erty was based on a socioeconomic status ranking of 1 for the
specific zip codes and poverty rates of >30%, as described in
the report by the African American Health Coalition (23).

We also estimated medication adherence rates between the
HNHC group and other lupus patients by calculating the medica-
tion possession ratio (MPR), an indicator of whether a patient had
adequate medication supply in a given time frame. We linked the
database of all lupus patients with a pharmacy claims database
for the same period to determine the number of refills for common
medications used in the management of SLE. Given that elec-
tronic medical record protocols to reconcile medication use were
changed in 2016, we only analyzed 2-year data (between July
1, 2013 and June 30, 2015) for the MPR calculation.

Statistical analysis. Bivariate analyses were performed to
identify differences in data on admissions, readmissions, and cost
for the HNHC and OHLP groups over the same time period. Sim-
ilar methods were used to compare clinical and social risk factors
for the 2 groups. To complete the multivariate analysis for the
MPR, we estimated hierarchical linear regression models and
controlled for the clustering of refills by patient and medication.
We also controlled for patient demographic information and med-
ication details. We used 2-tailed hypothesis tests and a P value
less than 0.05 to indicate statistical significance.

RESULTS

Between July 1 and June 30, a total of 467 patients with a
confirmed diagnosis of SLE were admitted to SMH. Almost all
patients (97%) had SLE as the primary reason for hospitalization.
These admissions were comprised of 202 patients, including
183 female and 19 male patients, with a mean age of 46 years.
Table 1 provides demographic, clinical, and financial details for
the entire cohort. The mean age at initial diagnosis of SLE was
29 years. The racial and ethnic distribution was 94 (46.5%) White,
87 (43.1%) African American, 14 (6.9%) Hispanic, and 7 (3.5%) of
Asian descent. The total LOS for all SLE patients for the 3 years
was 3,640 days, with a median of 7 days per SLE patient and
4 days per admission. The total cost of admissions for all SLE
patients was $13,192,346.00, with a median cost of $19,271
per patient and $14,375 per admission.

Identification of a high-need, high-cost group. We
identified 44 patients (22%) within the high-risk group, who
accounted for 275 of the admissions (58.9%), and 158 in the OHLP
group, who represented 192 (41.1%) of all admissions, during the
3-year period (Table 2). The high-risk group had a median of
4 admissions per patient, which was significantly more than the
median of 1 admission per patient for OHLP (P < 0.001). The high-
risk group also had significantly more 30-day readmissions
(105 readmissions in total, with a median of 1) compared to the
other SLE patients (11 readmissions, with a median of 0). Addition-
ally, patients from the high-risk group spent a median of 30 days
per patient (1,973 days in total) in the hospital over the 3-year
period, which was significantly more than themedian LOS of 5 days
for the other hospitalized patients with SLE (total of 1,667 days).

Remarkably, the median cost for the high-risk patients with
SLE ($95,262) was >6-fold higher than that for the other hospital-
ized patients with SLE ($14,360) (P < 0.001). Moreover, the
median cost per admission for the high-risk patients ($19,376)
was also significantly higher than that for other hospitalized patients
with SLE ($12,833), establishing the presence of an HNHC group.

Clinical and disease activitymeasures. Infections were
the most common cause for admissions in both groups, account-
ing for nearly one-fourth of all hospitalizations (Table 3). GI

Table 1. Demographic characteristics of the systemic lupus erythe-
matosus cohort (n = 202)*

Characteristic Value

Sex, no.
Female 183
Male 19

Mean � SD age, years 46 � 17.5
Mean � SD age at initial diagnosis, years 29 � 14.9†
Race/ethnicity
African American 87 (43.1)
Asian 7 (3.5)
White 94 (46.5)
Hispanic 14 (6.9)

Admissions (n = 467)
Median admissions per patient (IQR) 1 (1–2)
Mean � SD admissions 2.3 � 3.2

30-day readmissions (n = 116)
Median 30-day readmissions (IQR) 0 (0–0)
Mean � SD 30-day readmissions 0.6 � 2.1

LOS, days (n = 3,640)
Median LOS per patient (IQR) 7 (3–19)
Mean � SD LOS per patient 18.0 � 31.9
Median LOS per admission (IQR) 4 (2–8)
Mean � SD LOS per admission 8.2 � 17.0

Cost of admissions, $
Total cost of all admissions 13,192,346
Median cost per patient (IQR) 19,271 (9,286–65,694)
Mean � SD cost per patient 65,309 � 137,579
Cost per admission (IQR) 14,375 (8,645–28,545)
Mean � SD cost per admission 30,129 � 92,404

* Values are the number (%) unless indicated otherwise. LOS =
length of stay; IQR = interquartile range.
† N = 130.
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symptoms were the next most common reason in the HNHC
group and occurred significantly more than in the OHLP group.
Neurologic events and obstetric or gynecologic problems, how-
ever, were significantly more common among the OHLP group.

The median SDI score was significantly higher in the HNHC
group (1.0) compared to that for the OHLP patients (0) (Table 3).
The median dsDNA levels were also significantly higher in
the HNHC group (11.5) compared to OHLP (5.0). Additionally, the
HNHC group had a significantly higher CMI score (1.4) than
the OHLP group (1.1). No significant differences, however, were
noted in complement protein levels and BMI between the 2 groups.

Social and demographic factors. As expected, there
was higher representation of female patients in both groups, with
no significant difference in the female:male ratio between the

2 patient groups (Table 4). Patients in the HNHC group
(mean � SD 42 � 19.4 years) were younger than in the OHLP
group (mean � SD 46 � 16.8 years) and were diagnosed with
lupus at an earlier age (mean � SD 26 � 15.9 years) compared
with the OHLP group (mean � SD 31 � 14.5 years), but these
data were not significant. The HNHC group had a higher repre-
sentation of patients of African American ethnicity (54.5%) com-
pared to the OHLP group (39.9%).

Patients in the HNHC group were significantly more likely to
live in neighborhoods that were identified with poverty (50%)
compared with other lupus patients (29%). Additionally, 47% of
HNHC patients came from the 8 zip codes identified to have the
highest levels of poverty in Monroe County, New York, while only
28.9% of patients from the cohort of other hospitalized patients
with SLE were residents from these zip codes.

Table 2. Hospitalization rates for high-risk systemic lupus erythematosus (SLE) patients and other SLE patients*

High-risk group
(n = 44)

Other SLE patients
(n = 158) P

Total no. of admissions 275 192
Admissions per patient 4 (3.5–7) 1 (1–1) <0.001
Total no. of 30-day readmissions 105 11
30-day readmissions 1 (0–3) 0 (0–0) <0.001
≥1 admissions, no. (%) 30 (68) 11 (7) <0.001
LOS, no. of days 1,973 1,667
LOS per patient 30 (18–49) 5 (2–9) <0.001
LOS per admission 6 (4–9) 4 (2–8) 0.02
Total cost of all admissions, $ 6,775,138 6,417,208
Cost per patient 95,262 (59,794–177,211) 14,360 (8,146–32,518) <0.001
Cost per admission 19,376 (12,959–31,982) 12,833 (7,665–24,668) <0.001

* Values are the median (IQR) unless indicated otherwise. LOS = length of stay; IQR = interquartile range.

Table 3. Comparison of clinical and disease activity measures between high-risk systemic lupus erythematosus
(SLE) patients and other SLE patients*

HNHC OHLP All P

System involved at time of admission
Cardiovascular 21 (10) 16 (11) 37 (10) 0.84
Dermatologic 3 (1) 0 3 (1) 0.28
Endocrine issues 5 (4) 1 (16) 6 (2) 0.41
Gastrointestinal symptoms 44 (20) 12 (8) 56 (15) 0.003
Gynecologic/obstetric 4 (2) 15 (10) 19 (5) 0.0006
Hematologic issues 5 (2) 8 (5) 13 (4) 0.19
Infectious causes 62 (28) 34 (23) 96 (26) 0.31
Musculoskeletal symptoms 32 (15) 13 (9) 45 (12) 0.13
Nervous system 10 (5) 23 (16) 33 (9) 0.0006
Psychiatric issues 3 (1) 2 (1) 5 (1) 1
Pulmonary causes 11 (5) 6 (4) 17 (5) 0.85
Renal issues 19 (9) 18 (12) 37 (10) 0.36

Disease activity measures
Median SDI score (IQR) 1 (0–3) 0 (0–2) 1 (0–2) 0.01
Median dsDNA (IQR), IU/ml 11.5 (1.1–44.5) 5 (1–14) 7.0 (1–24) 0.02
Median � SD C3 level, mg/dl 101.8 � 35.2 100 � 33.8 100.4 � 34.1 0.96
Median � SD C4 level, mg/dl 31.7 � 24.8 24.4 � 15.9 26.1 � 18.6 0.07
Median � SD BMI, kg/m2 27.4 28.8 28.5 � 7.7 0.26
Median CMI (IQR) 1.35 (1.0–1.9) 1.1 (0.7–1.6) 1.1 (0.8–1.7) 0.02

* Values are the number (%) unless indicated otherwise. BMI = body mass index; CMI = Case Mix Index;
dsDNA = double-stranded DNA; HNHC = high-need, high-cost; IQR = interquartile range; IU = international units;
OHLP = other hospitalized lupus patients; SDI = Systemic Lupus International Collaborating Clinics/American Col-
lege of Rheumatology Damage Index.
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The MPR was lower in the HNHC cohort (73.4%, n = 28)
compared to that in other SLE patients who required hospital
admission (79.9%, n = 143) (Table 5). Multivariate analysis, after
controlling for relevant confounders, showed that, on average,
the HNHC patients had a 10%-point lower MPR as compared to
the OHLP group (estimate –10.41 [95% confidence interval
–21.36, 0.54], P = 0.06). Patients in the HNHC group, on average,
had more medications for the management of lupus. For this
analysis, complete pharmacy data were available for 171 patients,
28 from the high-risk group, and 143 from the OHLP group.

DISCUSSION

We found that a small group of SLE patients contributed to
most of the admissions, 30-day readmissions, LOS, and cost
among all SLE-related hospitalizations at a tertiary medical center

over a 3-year period. This HNHC group had social, behavioral,
and clinical risk factors that were significantly different from those
of other lupus patients who required hospital admissions. Several
variables including poverty, SDI score, CMI score, and dsDNA
levels were more strongly associated with the HNHC group. While
infections were the most common reason for admissions in both
groups, patients from the HNHC group also were significantly
more likely to be admitted with GI manifestations, while the non–
high-risk group had significantly more admissions for obstetric
and gynecologic or neurologic events. Adherence to medication
was also lower among the HNHC cohort than among other SLE
patients. Our findings underscore the importance of identifying
HNHC patients with SLE when designing and implementing inter-
ventions to lower hospitalizations and improve the quality of care
for lupus patients. Furthermore, it is imperative that we develop
programs to address the modifiable social and behavioral factors
in addition to providing high-quality clinical care targeted at this
group.

Hospitalizations and readmissions are common among
patients with SLE and account for a large proportion of the direct
costs associated with the care of this disease (4,5). Our analysis
revealed the presence of a group of HNHC patients who repre-
sented 21% of all patients, contributed to nearly 60% of the costs,
and had a 6-fold higher median cost compared to other lupus
patients. The HNHC group also accounted for the majority of
SLE admissions and almost all of the 30-day readmissions. Addi-
tionally, this group accounted for longer admission periods than
typical lupus patients. While HNHC cohorts have been described
in other chronic diseases, this report is the first to describe the
existence of such a cohort in the SLE population (24,25).

Hospitalizations among lupus patients are often due
to serious organ disease or secondary to complications of

Table 5. Comparison of behavioral factors between high-risk systemic lupus erythematosus (SLE) patients and
other SLE patients*

HNHC
(n = 28)

OHLP
(n = 143)

All
(n = 171) P

Mean � SD age, years 39.6 � 19.1 47.6 � 17.3 46.3 � 17.9 0.03
Female sex 23 (82.1) 132 (92.3) 155 (90.6) 0.09
Race/ethnicity
African American 17 (60.7) 58 (40.6) 75 (43.9) 0.05
Asian 2 (7.1) 2 (1.4) 4 (2.3) 0.13
White 8 (28.6) 76 (53.2) 83 (49.1) 0.02
Hispanic 1 (3.6) 7 (4.9) 8 (4.9) 1.00

Mean � SD no. of medications 2.7 � 1.2 2.1 � 1.0 2.2 � 1.1 0.02
Mean � SD refills of medication 5.3 � 4.8 6.6 � 5.8 6.4 � 5.6 0.35
Mean � SD MPR 73.4 � 22.8 79.9 � 25.0 78.7 � 24.6 0.30
Mean � SD MPR for top 4 medications
Hydroxychloroquine 76.2 � 25.4 78.8 � 22.9 78.3 � 22.9 0.38
Prednisone 69.3 � 29.0 78.5 � 36.4 76.7 � 35.1 0.38
Mycophenolate 62.2 � 38.2 83.8 � 32.2 77.9 � 34.6 0.14
Methylprednisolone 53.3 � 33.5 88.5 � 41.6 75.1 � 41.9 0.06

MPR on multivariate analysis (95% CI) –10.41 (–21.36, 0.54) Ref. – 0.06

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; HNHC = high-need, high-
cost; MPR = medication possession ratio; OHLP = other hospitalized lupus patients; Ref. = reference.

Table 4. Comparison of socioeconomic factors between high-risk
systemic lupus erythematosus (SLE) patients and other SLE patients*

HNHC OHLP P

Demographic characteristics
Sex 0.28
Female 38 (86.4) 145 (91.7)
Male 6 (13.6) 13 (8.2)

Mean � SD age, years 42 (19.4) 46 (16.8) 0.23
Mean � SD age at initial
diagnosis

26 (15.9) 31 (14.5) 0.09

Race 0.37
African American 24 (54.5) 63 (39.9)
Asian 1 (2.3) 6 (3.8)
White 17 (38.6) 77 (48.7)
Hispanic 2 (4.5) 12 (7.6)

Percentage from areas of poverty 22 (50) 46 (29.1) 0.01

* Values are the number (%) unless indicated otherwise. HNHC= high-
need, high-cost; OHLP = other hospitalized lupus patients.
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immunosuppressive therapy. We found that infection was the
most common diagnosis for admission in all lupus patients. These
findings are similar to previous reports that aimed to identify rea-
sons for admissions among lupus patients (8,26,27). GI symp-
toms, musculoskeletal symptoms, cardiovascular events, and
renal problems were the next most common reasons for all
groups. Interestingly, GI symptoms were significantly more com-
mon among the HNHC cohort, while neurologic and gynecologic
and obstetric causes were more common reasons for admissions
among other hospitalized SLE patients. While studies have shown
the frequency of GI symptoms and gynecologic causes among
SLE patients to be similar to our findings, the reasons for higher
GI symptoms in the HNHC, or the higher neurologic and gyneco-
logic causes in the non-HNHC group, are not easily explained
(27–29). Identifying comorbidities and recognizing the diagnoses
at discharge may have helped provide a better explanation for
the difference in these findings.

The SDI allows for assessment of accumulated damage in
patients with SLE and is able to discriminate changes in disease
damage in patients with both active and inactive disease (30).
The ds-DNA level and complement protein factors (C3 and C4)
are commonly used serologic markers of disease activity. We
found the SDI scores and dsDNA levels to be significantly higher
in the HNHC group compared to those in other SLE patients
who required admission. Our findings are similar to those of Lee
et al, who noted SDI score to be a predictor for frequent hospital-
izations among SLE patients (31). Our findings show that the
HNHC patients have more severe disease, and they highlight the
need for more intensive clinical care for this group.

The CMI, a measure derived from diagnosis-related groups,
helps to assess the aggregate risk of individual patients within a
hospital and offers a useful means to compare hospital perfor-
mance while using administrative data (32). Higher CMI scores
typically suggest sicker patient populations and therefore often
larger reimbursement payments. Our analysis showed that HNHC
patients had higher CMI scores than other SLE patients. While
often ignored by clinicians, measures such as the CMI can help
convince administrators and hospital managers, often the
decision-makers in implementing various quality programs at
institutions, of the need to institute targeted programs for specific
populations.

We found that patients living in zip codes associated with
poverty were more likely to be classified as HNHC patients. We
also noted that there was a higher representation of African Amer-
ican patients within the HNHC cohort. Both these findings are
most likely related, as there is larger proportion of African Ameri-
cans living in poverty. Our findings support the evidence that racial
and ethnic minorities and individuals with low socioeconomic sta-
tus are at risk of increased disease severity and poor health out-
comes (10,33). Our results are similar to reports that have also
demonstrated the role of sociodemographic characteristics as
important predictors for readmissions among SLE patients (4).

Our findings, however, are not restricted to 30-day readmissions
and include assessments for admission costs and LOS. The lim-
ited access to quality health care, low educational levels, and thus
poor understanding of self-care, lack of insurance, and lack of
trust in the health care system, are common among these under-
served populations and may explain the poorer health status, and
therefore the higher risk for hospitalization, among the HNHC
group.

Poor medication adherence rates are another known risk
factor for hospitalizations, contributing to 33–69% of all
medication-related hospital admissions (34). We found that
patients in the HNHC group were taking more medications and
had lower MPRs compared to other hospitalized SLE patients.
When multivariate models were constructed, the MPR was sig-
nificantly lower in the HNHC group compared to other hospital-
ized SLE patients. No differences were noted based on age,
sex, race/ethnicity, or for specific SLE-related medications. Our
results compare to other studies that show medication-
adherence rates to be low among lupus patients and identify a
relationship between low adherence and high hospitalization
rates (35,36).

Our study has several limitations. First, the subjects were
from a single tertiary care center. As this hospital serves a large
catchment area for rheumatology patients, it may lead to admis-
sion of sicker patients with SLE. Second, by focusing on a single
center one may miss out on information on patients readmitted
during the study period to other nearby hospitals. As one of the
few centers, however, that provides in-patient rheumatology care,
it is less likely that patients would have sought care elsewhere.
Finally, the assessment of organ system involvement at the
time of admission may not reflect the final diagnosis noted as
cause for admission. However, we used billing data with lupus
as the primary or secondary diagnosis and therefore wanted to
identify potential modifiable reasons leading to admissions and
readmissions.

In conclusion, our findings show that a small group of
patients with more severe clinical disease measures and who
exhibit adverse social factors accounts for most of the health care
costs. This HNHC group demonstrates significantly more admis-
sions and 30-day readmissions and has longer LOS compared
to other lupus patients. These patients are more likely to present
with more severe clinical disease activity, to live in poverty, and
to have lower medication adherence rates. An essential step in
designing successful programs to decrease hospitalizations for
lupus patients should thus address the needs of the HNHC pop-
ulation. Ensuring access to timely, high-quality rheumatology care
and developing culturally and linguistically appropriate methods to
address medical adherence can help better control disease activ-
ity. Additionally, hospital administrators will need to work with
community leaders, population health experts, and politicians to
overcome health care disparities that affect the impoverished
communities in our nation. These collaborative efforts that focus
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on assessing and addressing risk factors at the individual and
population levels represent a substantial opportunity for improv-
ing health outcomes for all lupus patients.
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Venous Thromboembolic Events in African American Lupus
Patients in Association With Antiphospholipid Antibodies
Compared to White Patients

Elena Gkrouzman,1 Mary Peng,1 Julia Davis-Porada,2 and Kyriakos A. Kirou3

Objective. The risk of thrombotic events is elevated in patients with systemic lupus erythematosus (SLE) compared
to the general population and has been attributed to both systemic inflammation and to the presence of antiphospho-
lipid antibodies (aPLs). Our objective was to examine differences in aPL prevalence in White and African American
patients with SLE and venous thromboembolic (VTE) events, and to compare inflammatory markers at the time of a
VTE event.

Methods. Records of White and African American patients with SLE and VTE events were retrieved from a rheuma-
tology practice based at an academic hospital. A clinically significant aPL profile was defined as anti-cardiolipin
IgG/IgM and/or anti–β2-glycoprotein I IgG/IgM ≥40 units, and/or positive lupus anticoagulant ≥1.3. Logistic regression
was used to determine predictors of a clinically significant aPL profile.

Results. Ninety-seven patients fulfilled American College of Rheumatology and/or 2012 Systemic Lupus Erythe-
matosus International Collaborating Clinics classification criteria for SLE, had a history of VTE events, and had avail-
able aPL tests (59 White and 38 African American patients). African American patients were 66% less likely (95%
confidence interval 0.12–0.96; P = 0.04) to have a clinically significant aPL profile compared to White patients in multi-
variable regression. Triple positivity was most frequent among White patients, while 7 of 8 African American patients
had a positive lupus anticoagulant test. At the time of a VTE event, African American patients had significantly higher
levels of anti–double-stranded DNA (P = 0.02), lower hemoglobin (P = 0.01), and higher erythrocyte sedimentation rate
(P = 0.008).

Conclusion. Among patients with SLE and VTE events, African American patients were less likely to have a clini-
cally significant aPL profile compared to White patients, indicating that a negative aPL profile in African American
patients does not decrease VTE risk.

INTRODUCTION

The risk of a venous thromboembolic (VTE) event is elevated
in patients with systemic lupus erythematosus (SLE) compared to
the general population, especially during the first year after diag-
nosis (1). The cumulative incidence of VTE events in patients with
SLE is estimated at 7% compared to 8% for vasculitis, and 2–4%
for rheumatoid arthritis, myositis, Sjögren’s syndrome, and sys-
temic sclerosis (2). Development of VTE events in hospitalized
patients with SLE is associated with higher inpatient mortality
and more disability at discharge (3). In an SLE cohort from
European centers followed for 10 years, thromboses (arterial

and venous) were the cause of death in 27% of patients who died
during that time, along with active SLE and infections (25%) (4).
VTE events in SLE have been reported to occur at an earlier phase
of disease compared to arterial events and differences in risk fac-
tors have been documented (5).

In SLE patients, traditional risk factors for VTE events
(i.e., history of primary thrombophilia, immobilization, malignancy,
pregnancy, postpartum and postoperative states, obesity, smok-
ing, and oral contraceptives), lupus disease activity, and the pres-
ence of antiphospholipid antibodies (aPLs), are implicated in the
development of VTE events. Approximately 30% of patients with
SLE have a clinically significant aPL profile (6) although only a
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percentage of these patients will develop thrombotic events. The

prevalence of different aPLs has been described in White patients

with antiphospholipid syndrome (APS) (7,8), but reports are lim-
ited in African American patients, in whom SLE occurs more fre-

quently and is characterized by higher disease activity and

damage.
Based on our clinical experience of the low prevalence of

aPLs in African American SLE patients with venous thrombotic
events, we examined differences in aPL profiles between African
American and White patients with SLE and VTE events. We
focused on VTE events rather than arterial events as the latter
might be more heavily influenced by arterial atherosclerosis and
alter the association with aPLs or other thrombophilia factors.
We also hypothesized that a higher inflammatory disease state
at the time of a VTE event might be more causative than aPL sta-
tus for VTE events in African American patients.

PATIENTS AND METHODS

All patients with a clinic visit and diagnoses of SLE and
thrombosis-related terms were retrieved from the electronical
medical record (EPIC) of a rheumatology practice based at an
academic hospital from February 2016, when EPIC was first intro-
duced, until May 2019. Diagnosis codes for SLE (M32.12,
M32.13, M32.14, M32.19, or M32.9) and for thrombosis-related
terms (aPLs: R76.0; APS: D68.61; lupus anticoagulant disorder:
D68.62; thrombophilia: D68.59; VTE: I82.90; pulmonary embo-
lism [PE]: I26.99; deep vein thrombosis [DVT] lower extremity:
I82.409; and chronic anticoagulation: Z79.01) were searched in
the visit diagnosis, problem list, and past medical history fields.
Patients with self-reported White or African American race were
selected. After chart review, patients with isolated arterial events
were excluded.

Clinical characteristics such as age, sex, ethnicity, body
mass index, smoking history, year of SLE diagnosis, the presence
of American College of Rheumatology (ACR) (9) and/or 2012

Systemic Lupus Erythematosus International Collaborating
Clinics (SLICC) classification criteria for SLE diagnosis, year
of a VTE event, and SLE flare at the time of a VTE event
(as reported by the treating physician in a clinical note) were
collected. Laboratory characteristics such as lupus anticoagu-
lant test results, titers for anticardiolipin antibody (aCL) and
anti–β2-glycoprotein I (anti-β2GPI) IgG/IgM/IgA (the most recent
in relation to the first VTE event), Venereal Disease Research
Laboratory (VDRL) or rapid plasma reagin test results, levels of
anti–double-stranded DNA (anti-dsDNA), C3 and C4, erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP) level,
hemoglobin, and albumin at the time of a VTE event or within
2 months from the event based on the availability of test
results, were retrieved.

A clinically significant aPL profile was defined as the pres-
ence of moderate-to-high aPL titers (aCL IgG/IgM ≥40 units
and/or anti-β2GPI IgG/IgM ≥40 units), and/or positive lupus anti-
coagulant ≥1.3. For aPL titers: 1) when an antibody titer was
reported as greater than the upper limit of the assay, the upper
limit was used; 2) when a titer was reported as negative, to avoid
missing values in determination of median aPL titer, a value of
9 units was used, which is the lowest reported cutoff at our insti-
tution; 3) when a titer was reported as below the lower limit of
the assay, to maintain homogeneity of data, then a value of 9 units
was used instead; and 4) when an actual titer value was available,
it was used without modifications. For the lupus anticoagulant
test, the reported ratio was used (screen patient/screen control)/
(confirm patient/confirm control). If lupus anticoagulant was
reported as negative, then it was replaced with a ratio of 1. Confir-
mation of a clinically significant aPL profile at least 12 weeks apart
was sought and recorded. Use of long-term anticoagulant
(≥9 months) was noted. Anti-dsDNA titers, when obtained by
enzyme-linked immunosorbent assay, were expressed as 0 when
negative, 1+ when the titer was <50, 2+ when the titer was from
50 to <100, 3+ when the titer was from 100 to <200, and 4+
when the titer was ≥200, in order to be more comparable to the
immunoflurescence Crithidia anti-dsDNA data.

A history of severe SLE (10) was defined as the presence of
any of the following at any time of follow-up: lupus nephritis, cen-
tral nervous system lupus, severe hemolytic anemia (hemoglobin
<9.9), platelets <50,000/ml, vasculitis (other than mild cutaneous
vasculitis), pulmonary hemorrhage, myocarditis, lupus pneumoni-
tis, severe myositis (with muscle weakness, not just high
enzymes), lupus enteritis (vasculitis), pancreatitis, hepatitis, chole-
cystitis, protein-losing enteropathy, malabsorption, orbital inflam-
mation/myositis, severe keratitis, posterior severe uveitis/retinal
vasculitis, severe scleritis, optic neuritis, and anterior ischemic
optic neuropathy. Chart review was conducted twice by 2 differ-
ent authors to confirm the SLE diagnosis, fulfillment of ACR
and/or 2012 SLICC classification criteria for SLE, and the accu-
racy of collected data.

SIGNIFICANCE & INNOVATIONS
• African American patients with systemic lupus

erythematosus (SLE) and venous thromboembolic
(VTE) events are less likely to have a clinically signif-
icant antiphospholipid antibody (aPL) profile com-
pared to White patients.

• Triple positivity is the most frequent aPL profile
in White patients, while almost all African American
patients have a positive lupus anticoagulant test.

• African American patients with SLE and VTE events
have evidence of a higher inflammatory disease
state compared to White patients at the time of a
VTE event.
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We used t-tests, Wilcoxon’s rank-sum test, chi-square tests,
and Fisher’s exact test to compare patient clinical and laboratory
characteristics. Logistic regression was used to explore predic-
tors of a clinically significant aPL profile. STATA 16 software was
used for statistical analysis. GraphPad Prism software, version
8.4.2, was used for figures.

RESULTS

Information on 291 patients was retrieved from the electronic
medical records. Of those, 74 were excluded because they did
not fulfill ACR or 2012 SLICC classification criteria for SLE,
67 due to the presence of only arterial events, 33 due to a racial
background other than White or African American, and
20 because not enough data were available in the chart to assess
their clinical history. From the remaining 97 patients, 94 fulfilled
ACR and 2012 SLICC criteria for SLE, and 3 fulfilled only the
2012 SLICC criteria, 59 were White and 38 African American
patients, and the mean age was 48 years. Of the 97 total patients,
55 (57%) had a history of severe SLE, 36 (37%) had a history of
lupus nephritis, 29 (30%) had recurrent VTE events, and
35 (36%) had a clinically significant aPL profile. Table 1 provides
the clinical characteristics of the patients and comparisons
between the 2 races. Confirmatory aPL testing as reported in
the chart or in the laboratory results was available in 22 of
35 patients (63%). From the 97 patients, 71 (73%) were treated
with long-term anticoagulants (≥9 months), 18 were not (19%),
and in 8 patients (8%) information was lacking with regard to
duration of anticoagulants. In 10 patients, 12 VTE events
occurred prior to the diagnosis of SLE. Of those 10 patients,
8 were female, 8 were White, 6 had a clinically significant aPL pro-
file (5 White patients and 1 African American patient), 3 had

recurrent VTE events, and 1 patient had severe SLE. Two of
10 patients had VTE events (2nd and 3rd event) occurring
after SLE diagnosis, and those were included in subsequent
analysis of inflammatory state at the time of a VTE event. From
the 118 VTE events examined, there were 107 DVT/PEs;
2 each of microthrombosis and sinus vein thrombosis; 1 each of
arteriovenous graft, portal, renal, retinal, splenic, and superior
mesenteric vein thrombosis; and 1 episode of thrombotic
microangiopathy.

aPL profile differences between White and African
American race. Twenty-seven of 59 White patients (46%) had
a clinically significant aPL profile compared to 8 of 38 African
American patients (21%) (P = 0.01) (Table 1). In the univariate
logistic regression model, African American patients with SLE
and VTE events had 68% lower odds of having a clinically signifi-
cant aPL profile compared to White patients (odds ratio
[OR] 0.32 [95% confidence interval (95% CI) 0.12–0.80];
P = 0.01). After adjusting for age, sex, Hispanic ethnicity, severe
SLE, and smoking status, African American patients had 66%
lower odds of having a clinically significant aPL profile compared
to White patients with SLE and VTE events (OR 0.34 [95% CI
0.12–0.96]; P = 0.04). Using Fisher’s exact test, a significant
association was found between the type of aPL profile and race
(P = 0.03) (Figure 1). Among patients with a clinically significant
aPL profile, triple positivity (positive for lupus anticoagulant, aCL,
and anti-β2GPI) was seen exclusively in White patients (11 of
27, 41%), while African American patients were characterized by
a lupus anticoagulant dominant aPL profile (7 of 8, 88%). This
finding was either isolated (4 of 7), or in combination with aCL
(3 of 7). In White patients, although 17 of 27 (63%) were positive
for lupus anticoagulant, only 6 of 27 (22%) had either an isolated

Table 1. Clinical characteristics of White and African American patients with SLE and venous thromboembolic
events*

Total White African American
P(n = 97) (n = 59) (n = 38)

Female 85 (88) 48 (81) 37 (97) 0.02†
Current age, mean � SD years 48 � 14 48 � 15 50 � 14 0.40
Age at SLE diagnosis, median (IQR) years 28 (19–39) 29 (19–39) 28 (19–39) 0.98
Hispanic ethnicity 16 (16) 16 (27) 0 <0.001†
Body mass index, median (IQR) 28 (24–32) 28 (24–33) 29 (23–32) 0.95
Smoking (former or current)‡ 24 (25) 20 (34) 4 (11) 0.01†
Severe SLE 55 (57) 31 (53) 24 (63) 0.30
Lupus nephritis 36 (37) 18 (31) 18 (47) 0.13
Recurrent VTE events§ 29 (30) 17 (29) 12 (32) 0.82
Clinically significant aPL profile 35 (36) 27 (46) 8 (21) 0.01†
Medicaid insurance 29 (30) 14 (24) 15 (40) 0.12

* Values are the number (%) unless indicated otherwise. aPL = antiphospholipid antibody; IQR = interquartile
range; SLE = systemic lupus erythematosus; VTE = venous thromboembolic.
† Statistically significant.
‡ The frequency of smoking (former or current) in African American patients was lower compared toWhite patients
(11% versus 34%; P = 0.01). Smoking was, therefore, adjusted for in our multivariate logistic regression model.
§ In 29 patients with recurrent VTE events, 25 patients had 2 VTE events (14 White and 11 African American
patients), and 4 patients had 3 VTE events (3 White patients and 1 African American patient).
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lupus anticoagulant (4 of 6), or a positive lupus anticoagulant in
combination with 1 aPL (aCL 2 of 6) (Figure 1).

Among all patients (n = 97), aPL titers were statistically signif-
icantly higher in White patients compared to African American
patients for aCL IgG (median 9 units [interquartile range (IQR)
6–22] versus median 6 units [IQR 3–9]; P = 0.002), anti-β2GPI
IgG (median 9 units [IQR 3–9] versus median 6 units [IQR 1–9];
P = 0.006), anti-β2GPI IgM (median 9 units [IQR 6–15] versus
median 9 units [IQR 3–9]; P = 0.01), and anti-β2GPI IgA (median
9 units [IQR 9–25] versus median 9 units [IQR 4–15]; P = 0.009)
(Figure 2). Similarly, among the 35 patients with a clinically

significant aPL profile, the aCL IgG titer was numerically higher in
White patients compared to African American patients (median
32 versus 13 units; P = 0.18) (Figure 3). Additionally, for the same
group of patients, titers for anti-β2GPI IgG (median 9 units [IQR
9–47] versus median 4 units [IQR 2–12]; P = 0.03) and anti-
β2GPI IgM (median 9 units [IQR 9–50] versus median 6 units
[IQR 1–11]; P = 0.02) were statistically significantly higher in White
patients compared to African American patients. Interestingly,
although the frequency of lupus anticoagulant test positivity was
higher in African American patients compared to White patients
with clinically significant aPL profiles (88% versus 63%), lupus

Figure 1. Antiphospholipid antibody (aPL) profiles differ between White and African American lupus patients with a clinically significant aPL pro-
file and venous thromboembolic events (n = 35). Breakdown of double-positive aPL profile: White patients (2 of 6 with anticardiolipin antibody
[aCL] IgG and lupus anticoagulant [LA], 2 of 6 with aCL IgM and anti–β2-glycoprotein I antibody [anti-β2GPI (aβ2GPI)] IgM, 1 of 6 with aCL IgG
and anti-β2GPI IgG, and 1 of 6 with aCL IgG/IgM and anti-β2GPI IgG); African American patients (2 of 4 with aCL IgG and LA, 1 of 4 with aCL
IgM and LA, and 1 of 4 with aCL IgM and anti-β2GPI IgM). In the African American patients with aCL IgM and anti-β2GPI IgM double-positive
aPL profile, the LA ratio was 1.28, which is above the cutoff of 1.2 for assay positivity but below this study’s definition of positive LA of 1.3 or above.

Figure 2. Antiphospholipid antibody titers in White and African American lupus patients with venous thromboembolic events (n = 97; median
with interquartile range and minimum and maximum with outliers). An outlier titer (anti–β2-glycoprotein I antibody [aβ2GPI] IgA 300 units) in a White
patient is omitted from the figure for scaling purposes, without change in the median and interquartile range. * = P < 0.05; ** = P < 0.01;
aCL = anticardiolipin antibody; LA = lupus anticoagulant.
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anticoagulant ratios in those who were positive tended to be
lower in African American patients (<1.6) than in White patients,
similarly to other aPLs.

Of 97 patients, 59 had available results for VDRL or rapid
plasma reagin tests. Of the 9 patients who had positive VDRL or
rapid plasma reagin tests, 8 were White patients and 1 African
American patient, and 7 had a clinically significant aPL profile (all
White patients, 6 with a triple-positive aPL profile, and 1 with iso-
lated aCL positivity of IgM isotype). Of the 50 patients who tested
negative for VRDL or rapid plasma reagin tests, 27 were White
and 23 African American patients, and 13 had a clinically signifi-
cant aPL profile. Patients with a positive VDRL/rapid plasma
reagin test had 10 times higher odds of a clinically significant

aPL profile compared to patients whose VDRL/rapid plasma
reagin test was negative (P = 0.005).

Inflammatory state at the time of a VTE event.
Eighty-nine patients had a combined total of 118 VTE events,
and the inflammatory state at the time of a VTE event or within
2 months from the event was assessed. Flare rate as reported
by the treating clinician did not differ between African American
and White patients; African American patients had significantly
higher levels of median anti-dsDNA (1+ versus 0; P = 0.02), lower
median hemoglobin (10.5 versus 12.3 gm/dl; P = 0.01), and
higher median ESR (54 versus 27 mm/hour; P = 0.008)
(Table 2). African American patients compared to White patients

Figure 3. Antiphospholipid antibody (aPL) titers in White and African American lupus patients with a clinically significant aPL profile and venous
thromboembolic events (median with interquartile range; n = 35). * = P < 0.05; aCL = anticardiolipin antibody; aβ2GPI = anti–β2-glycoprotein I
antibody; LA = lupus anticoagulant.

Table 2. Lupus disease activity at time of venous thromboembolic (VTE) event (n = 118 VTE events)*

White African American

P

(n = 53) (n = 36)

No. Value No. Value

Venous events 70 – 48 – –

Lupus flare, no. (%) 47 24 (51) 20 10 (50) 1.00
C3, mean � SD mg/dl 36 88.5 � 32.3 27 98.5 � 37.6 0.26
C4, mean � SD mg/dl 36 18.9 � 9.4 27 22 � 9 0.20
Anti-dsDNA 34 0 (0–1) 26 1 (0–2) 0.02†
Hemoglobin, gm/dl 41 12.3 (9.5–13.4) 32 10.5 (9–11.9) 0.01†
Albumin, gm/dl 41 3.6 (2.8–4) 32 3.4 (3–3.8) 0.18
ESR, mm/hour 35 27 (12–53) 28 54 (32.5–81) 0.008†
CRP, mg/dl 28 0.6 (0.4–2.2) 21 1.3 (0.6–2) 0.11

* Values are the median (interquartile range) unless indicated otherwise. For the 70 VTE events (observations) in
White patients, 35 patients contributed with 1 event, 13 with 2 events, and 3 with 3 events. For the 48 VTE events
(observations) in African American patients, 25 patients contributed with 1 event, 10 with 2 events, and 1 with 3
events. anti-dsDNA = anti–double-stranded DNA; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
† Statistically significant.
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Table 3. Literature review of frequency of positive aPL in African American lupus patients with or without a history of thrombosis*

Author,
year (ref.) SLE patients aPL+, no. (%) aPL ≥40u, no. (%)

Thrombosis
(arterial or venous) Comments

Molina et al,
1997 (21) AA 152

AfC 136
H 163

AA 152
AfC 136
H 163

AA 152
AfC 136
H 163

aCL IgG ≥15u:
29 (19)
3 (2)

34 (21)
aCL IgM ≥5u:

11 (7)
2 (2)
14 (9)

aCL IgA ≥15u:
21 (16)
28 (21)
23 (14)

aCL IgG ≥40u:
8 (5)
2 (2)

27 (17)
aCL IgM ≥40u:

3 (2)
0

6 (4)
aCL IgA ≥40u:

0
8 (6),
11 (7)

24/152 (16%)
9/90 (10%)
15/124 (12%)

Mean aCL IgG levels
were higher in H
than AA (69 � 38
vs. 37 � 26;
P = 0.0008)

Cucurull et al,
1999 (20)

AA 100 aCL IgG/IgA ≥15u,
IgM ≥10u:
IgG 18 (18)
IgM 7 (7)
IgA 24 (24)

aCL ≥40u:

IgG 8 (8)
IgM 4 (4)
IgA 3 (3)

5/100 (5%) aCL+: 33%
aβ2GPI+: 28%

McClain et al,
2004 (22) AA 80

C 34
O 16

AA 80
C 34

aCL IgG/IgM >20u:
11 (14)
12 (35)
1 (4)

aCL IgG >20u:
3 (4)

10 (29)

NA 12/24 (50%) –

Mok et al,
2005 (13) AA 140

C 227
CH 258

Any aPL+:
59 (42)
105 (46)
76 (29)

NA VTE incidence,
15/1,000 PY,
17/1,000 PY,
7/1,000 PY

–

To and Petri,
2005 (25)

(n = 1,357)
AA 530
C 759
AS 68

LA+; aCL IgG/
IgM/IgA >10u

NA Highest incidence
of ATE (17%)
and VTE (26%)
in CL#3

CL#3 (anti ds-DNA/
LA/aCL+; n = 436)

CL#3 had
significantly more
C than AA:
287 (66%) vs.
133 (31%); P < 0.001

Danowski et al,
2006 (23) AA 157

C 238
O 24

AA 157
C 238
O 24

AA 157
C 238
O 24

aβ2GPI IgG+:
17 (11)
35 (15)
NA

aβ2GPI IgM+:
32 (20)
86 (36)
NA

aβ2GPI IgA+:
35 (22)
52 (22)
NA

NA 93/418 (22%) All patients had SLE
except for 5 with
primary APS

Mehrani and
Petri, 2011
(24)

AA 302
C 422
H 26
AS 27

AA 302
C 422
H 26
AS 27

AA 302
C 422
H 26
AS 27

aβ2GPI IgG+:
6 (2)
35 (8)
0

2 (7)
aβ2GPI IgM+:

45 (15)
76 (18)
3 (12)
1 (4)

aβ2GPI IgA >20u:
67 (22)
84 (20)
5 (19)
4 (15)

NA VTE 18% –

* AA = African American; AfC = Afro-Caribbean; aCL = anticardiolipin antibody; anti-dsDNA = anti–double-stranded DNA; aPL = antiphospholipid
antibody; APS = antiphospholipid syndrome; AS = Asian; ATE = arterial thromboembolism; aβ2GPI = anti–β2-glycoprotein I; C = White; CH = Chi-
nese; CL = cluster; H = Hispanic; LA = lupus anticoagulant; NA = not available; O = other; PY = patient-year; ref. = reference; SLE = systemic lupus
erythematosus; u = units; VTE = venous thromboembolism.
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had a lower median albumin (3.4 versus 3.6; P = 0.18), and higher
CRP level (1.3 versus 0.6; P = 0.11), although not statistically
different.

DISCUSSION

Studies in the general population indicate that the incidence
of VTE event is 30–60% higher in African American patients com-
pared to European Americans (11). The causes of these racial dif-
ferences in VTE occurrence are not well characterized but genetic
predisposition (mutations in factor V Leiden and prothrombin
G20210A in the European populations; high concentration of
von Willebrand factor/factor VIII, and low protein C in African
American patients) and environmental risk factors, such as the
prevalence of obesity, are thought to be contributory. Risk of a
VTE event is 3.6 times increased in patients with SLE compared
to the general population (1). Data from the Nationwide Inpatient
Sample database on hospitalized patients with SLE demon-
strated that the VTE rate was higher in African American patients
compared to White patients (3.8% versus 2.7%; P < 0.001) (3).
Yet only a limited number of cohort studies have compared VTE
events in White and African American patients with SLE without
significant differences noted between the 2 groups with respect
to VTE occurrence (12,13).

Approximately 30% of patients with SLE have a clinically sig-
nificant aPL profile (positive lupus anticoagulant, aCL IgG/IgM ≥40
units and/or anti-β2GPI IgG/IgM >99th percentile), which is asso-
ciated with a higher risk of organ damage at follow-up (6). Triple
aPL positivity (14,15) and lupus anticoagulant test positivity (16)
are associated with the highest risk for thrombotic events. SLE
occurs more frequently in African American compared to White
patients (17–19). However, the literature on the comparative prev-
alence of specific aPLs in the 2 racial groups is limited and incon-
clusive, especially with regard to clinically significant aPL tests.
We have summarized the relevant literature in Table 3 and were
able to compare data on clinically significant aPL titers in 2 of the
studies (20,21). Evaluating only clinically significant titers rather
than positivity markedly decreased the prevalence of aCL IgG in
African American SLE patients compared to Colombian Hispanic
patients (from 19% to 5% and from 21% to 17%, respectively)
(21). Thrombotic events (venous and arterial) occurred in 16% of
African American patients versus 12% of Colombian Hispanic
patients. Similar results were noted by Cucurull et al for African
American SLE patients (20).

The rest of the studies did not provide data on clinically signif-
icant aPL titers but showed numerically lower prevalence of posi-
tive aCL IgG (22), anti-β2GPI IgG, and anti-β2GPI IgM in African
American patients compared to White patients (23,24). The differ-
ence for anti-β2GPI IgM was statistically significant in Danowski
et al (P = 0.0008) (23). Finally, To and Petri showed that
SLE patients assigned to cluster 3 (with a serologic phenotype
positive for anti-dsDNA, lupus anticoagulant, and aCL) were

predominantly White rather than African American patients (25).
Taken together, these data support the findings of our study,
in which African American patients with SLE and VTE events
have lower aCL IgG, and anti-β2GPI IgG, IgM, and IgA titers com-
pared to White patients (Figure 2), as well as lower anti-β2GPI IgG
and IgM titers among patients with a clinically significant aPL
profile.

The current study is the first to our knowledge to compare
African American and White SLE patients with VTE events with
regard to the presence of a clinically significant aPL profile. African
American patients were less likely to have a clinically significant
aPL profile compared to White patients (21% versus 46%). These
results confirmed our clinical observation and suggest that African
American patients have additional risk factors that predispose to
development of VTE events compared to White patients. There-
fore, a negative aPL profile in African American patients with SLE
should not be assigned the same negative predictive weight as
in White patients when assessing the risk of VTE events in clinical
decision making. Our study also indicated that significant pheno-
typic differences were present between White and African Ameri-
can patients with a clinically significant aPL profile. A triple-positive
aPL profile was exclusively seen in White patients, while a pre-
dominantly lupus anticoagulant–positive profile characterized Afri-
can American patients. Of note, lupus anticoagulant levels were
lower in African American patients, similarly to other aPL levels.
These data suggest that a positive lupus anticoagulant test in Afri-
can American patientss, even if isolated or low level, may still be
implicated in VTE events and should not be dismissed in clinical
assessments of risk for VTE events.

African American patients with SLE are characterized by
higher disease activity, damage index, and mortality compared
to Whites for a variety of reasons from genetic to socioeconomic
(26). SLE disease activity is associated with development of VTE
events (5,12). In an inception cohort of 544 patients with SLE
(median follow-up 6.3 years, 30 patients [6%] with incident VTE),
disease activity as assessed by the SLE Disease Activity Index–
2000 at baseline and follow-up was significantly higher in patients
who developed a thrombotic event (arterial or venous) compared
to those who did not (27). Inflammation in SLE is thought to be
contributory to development of VTE events through various
mechanisms (28) involving increased expression of cell adhesion
molecules, tissue factor expression, a proinflammatory cytokine
milieu, decreased fibrinolytic activity, and aberrant function of anti-
coagulant proteins C and S. Neutrophil extracellular traps (NETs)
have been associated with a prothrombotic environment (29),
and impaired clearance of NETs in SLE (30) could be contributory
to the increased risk for thrombosis. In this study, although no dif-
ference in flares was found at the time of VTE events between the
2 races, African American patients were more likely to have a
higher anti-dsDNA titer, higher levels of inflammation as indicated
by higher ESR, and lower hemoglobin, as well as similar trends for
CRP level and albumin.
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We believe that a high inflammatory state in African American
patients is a major pathogenetic factor for venous thrombotic
events and often is more relevant than the presence of a clinically
significant aPL profile. Collectively our data suggest that VTE risk
assessment in African American SLE patients should not dismiss
a low positive lupus anticoagulant test or even the total absence
of a clinically significant aPL profile. These patients may be at high
risk for VTE events, especially when inflammation levels increase
with severe lupus flares or when other prothrombotic factors exist
(i.e., nephrotic syndrome, oral contraceptives, etc). Similarly, sec-
ondary VTE prevention in such patients should perhaps not be
very different from that in White SLE patients with a clinically signif-
icant aPL profile.

Limitations of our study include its retrospective nature,
the relatively small number of patients, missing data, and data
that may not have been collected as close as possible to the
VTE event when assessing inflammatory status. Additionally,
differences in laboratory assays for aPL determination,
depending on the year or laboratory performing the tests, may
have affected some of the results. Despite its limitations, this
study sheds light on differences of aPL status and phenotype
in White and African American SLE patients with VTE events,
as well as on differences in levels of inflammatory markers.
These findings, if confirmed in larger cohorts, should improve
our understanding of the pathogenetic mechanisms of VTE in
African American SLE patients and improve VTE
risk assessment of African American SLE patients in the
clinical setting.

From this retrospective chart review of a rheumatology
practice based at an academic hospital, we conclude that
patients of African American race who have a history of SLE
and VTE events are significantly less likely to have a clinically
significant aPL profile compared to White patients. Therefore,
clinical assessment of VTE risk in this population should rely
more on traditional VTE risk factors, as well as lupus-specific
factors such as disease activity and systemic inflammation.
Unlike White patients, where triple positivity is the dominant
aPL phenotype in SLE patients with VTE events, lupus antico-
agulant positivity even at low-to-moderate levels is the corre-
sponding dominant aPL phenotype in African American SLE
patients and should be taken into account when assessing
VTE risk.
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Role of Metrology in Axial Spondyloarthritis: Does It Provide
Unique Information in Assessing Patients and Predicting
Outcome? Results From the British Society for
Rheumatology Biologic Register for Ankylosing Spondylitis

Renke L. Biallas,1 Linda E. Dean,1 Lesley Davidson,2 Rosemary Hollick,1 Ejaz Pathan,3 Lindsay Robertson,2

Gareth T. Jones,1 Gary J. Macfarlane,1 and Ovidiu Rotariu1

Objective. To determine among patients with axial spondyloarthritis (SpA) the factors associated with decreased
spinal mobility and to determine whether poor mobility is a predictor of response to anti–tumor necrosis factor (anti-
TNF) therapy.

Methods. This was a prospective UK cohort study of persons meeting Assessment of Spondylarthritis
international Society (ASAS) criteria for axial SpA. At recruitment, clinical and patient-reported factors independently
associated with spinal mobility (measured by the Bath Ankylosing Spondylitis Metrology Index [BASMI]) were
determined. Among those commencing anti-TNF therapy, factors that were independent predictors of response were
determined using ASAS criteria, quality of life, and Ankylosing Spondylitis Disease Activity Score (ASDAS) response
criteria.

Results. A total of 1,960 participants were eligible; 70% were male, the median age was 48 years (interquartile
range [IQR] 37, 59), and the median BASMI score 3.6 (IQR 2.2, 5.3). Factors independently associated with poor spinal
mobility were poorer function, meeting radiographic criteria for AS, longer symptom duration, higher levels of inflam-
mation (measured by C-reactive protein level), older age, male sex, not being currently employed, and lower levels of
education. For 51% of participants, the measured BASMI score was within 1 of that estimated. Poorer mobility (higher
BASMI score) was an independent predictor of not meeting response criteria for ASAS 20% improvement (odds ratio
[OR] per increasing score 0.80 [IQR 0.66, 0.98]), ASAS 40% improvement (OR 0.69 [IQR 0.50, 0.95]), and quality of life
(measured by the Ankylosing Spondylitis Quality of Life Questionnaire) (β = 0.64 [IQR 0.26, 1.02]), but was not related to
meeting ASDAS response criteria.

Conclusion. The BASMI score was estimated moderately well by other routinely measured factors in patients with
axial SpA and was an independent predictor of response to biologic therapy for some, but not all, commonly usedmea-
sures. Consensus around its role in disease monitoring and clinical decisions, particularly in the likely context of face-
to-face consultations becoming less frequent, remains to be established.

INTRODUCTION

Axial spondyloarthritis (SpA) is an inflammatory rheumatic

disease of the axial skeleton that is characterized predominantly
by low back pain, stiffness, and sacroiliitis (1,2). The disease

affects between 0.1% and 1.4% of the population, depending

on the area of the world (3,4).The impairment of spinal mobility is
considered one of the central outcomes in axial SpA and has
been included in the core set of domains for the evaluation of
patients in clinical practice, as defined by the Assessment of
Spondylarthritis international Society (ASAS) (5–7). The Bath
Ankylosing Spondylitis Metrology Index (BASMI), an index of
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spinal mobility, consisting of 4 spinal measurements (cervical

rotation, tragus-to-wall distance, modified Schober’s test, and

lumbar lateral flexion) and 1 hip mobility measurement (intermal-

leolar distance), is commonly used in clinics, and has been dem-

onstrated to be valid and reliable (8,9). The BASMI score is one

of the few objective measures of spinal disease progression that

does not involve imaging. Since its introduction in 1994 (10), the

BASMI has been widely used in the research community, being

cited in >1,000 scientific articles, especially related to clinical inter-

ventions and monitoring disease progression in clinical trials (9).

Although the measurements of the BASMI are relatively easy to

perform (9), they are time-consuming and should be conducted

in-person by trained health care providers. This issue is particularly

relevant in the current context of a pandemic, where limited oppor-

tunity exists for face-to-face consultation, and indeed even after-

ward, when remote consultations will likely become more

common.
A meta-analysis published in 2016 emphasized that “spinal

mobility indices and original Schober test have construct validity

for structural damage but do not assess true spinal mobility, nor

do they reflect levels of inflammation at either the sacroiliac joints

and/or the spine” (9). The BASMI score can vary significantly

within patients, even within the same day (11,12), hence, the rele-

vance of the BASMI score in the daily clinical practice has been

questioned. A web-based survey of patients and rheumatologists

in 2018 showed that only 65% of rheumatology services in the UK

performed BASMI measurements routinely (13). Based on this

body of evidence, a question exists as to whether the BASMI

should remain part of the standard measures used to evaluate

patients. The aim of this study was to determine the factors asso-

ciated with decreased spinal mobility (higher BASMI score) and to

determine whether the BASMI is an independent predictor of

response to first anti–tumor necrosis factor (anti-TNF) therapy.

MATERIALS AND METHODS

The British Society for Rheumatology Biologic Register for
Ankylosing Spondylitis (BSRBR-AS) is a prospective UK-wide
cohort study of patients who meet ASAS criteria for axial SpA
(5–7). The study received ethical approval from the National
Research Ethics Service Committee North East–County Durham
and Tees Valley (REC ref 11/NE/0374).

Patients were recruited in 83 secondary care centers across
Great Britain between December 2012 and December 2017 and
were naive to biologic therapy on recruitment. Patients meeting
the ASAS imaging criteria for axial SpA (7) or the modified New
York (mNY) definition of ankylosing spondylitis (AS) were eligible
(14). From November 2014, those meeting the ASAS clinical cri-
teria were also eligible. Details of the study protocol have previ-
ously been published (15). There were 2 participant subcohorts,
including the biologic cohort, comprising those patients com-
mencing their first anti-TNF therapy (i.e., adalimumab, etanercept,
certolizumab pegol) at the time of recruitment, and the nonbio-
logic cohort, who were continuing on therapies other than bio-
logics. The follow-up of biologic patients included planned
assessments at 3, 6, and 12 months.

Data collected at recruitment and follow-up. Clinical
data included the BASMI score (0–10, least to most severe) (8,10),
body mass index (BMI), inflammatory markers (C-reactive pro-
tein [CRP] level), the presence of extraspinal manifestations
(uveitis, psoriasis, inflammatory bowel disease, enthesitis, and
dactylitis), and a count of comorbidities (myocardial infarct,
angina, heart failure, stroke, hypertension, diabetes mellitus,
asthma, bronchitis, peptic ulcer, liver and renal disease, tuber-
culosis, demyelination disorders, and cancer). We recorded, at
the time of recruitment only, whether participants met radio-
graphic criteria (signs of bilateral sacroiliitis [at least grade 2] or
unilateral sacroiliitis [at least grade 3]) or magnetic resonance
imaging (MRI) criteria (signs of active inflammation suggestive
of sacroiliitis). Patient-completed questionnaires were used to
record demographic and lifestyle factors (tobacco smoking and
alcohol intake) as well as the Bath Ankylosing Spondylitis Dis-
ease Activity Index (BASDAI) score (16), function (Bath Ankylos-
ing Spondylitis Functional Index [BASFI]) (17), and global
assessment (Bath Ankylosing Spondylitis Patient Global [BAS-
G]) (18), which were scored in the same way as the BASMI.
Deprivation quintiles, with reference to either the population of
Scotland (19), England (20), or Wales (21), were determined by
participants’ post codes. Disease-specific and general quality
of life (QoL) was measured by the Ankylosing Spondylitis Quality
of Life Questionnaire (ASQoL) (0 = best, 18 = worst) (22), while
general health was measured by the Short Form 12 health ques-
tionnaire (0 = worst, 100 = best) (23).

Mental health was assessed by the Hospital Anxiety and
Depression Scale (0 = best, 21 = worst) (24). Pain and somatic

SIGNIFICANCE & INNOVATIONS
• The Bath Ankylosing Spondylitis Metrology Index

(BASMI) score could be reasonably well estimated
in half of patients.

• The BASMI score was estimated using a combina-
tion of sociodemographic, clinical, and biologic
markers.

• The BASMI score is an independent predictor of
treatment response for measures based on the
Bath Ankylosing Spondylitis Disease Activity Index
and/or quality of life, but not the Ankylosing Spon-
dylitis Disease Activity Score.

• Determining how the BASMI score should be incor-
porated into disease monitoring and clinical deci-
sion making will be important, particularly in the
context of face-to-face consultations becoming less
frequent.
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Table 1. Characteristics of the BSRBR-AS patients with measured BASMI*

Variable Value

Spinal mobility, BASMI (0 = best, 10 = worst)† 1,960, 3.6 (2.2, 5.3)
Demographic factors
Age, years† 1,960, 47.8 (36.6, 59.0)
Sex
Male 1,375 (70.2)
Female 585 (29.8)

Education
Secondary school 520 (33.1)
Apprenticeship 154 (9.8)
Further education college 487 (31.0)
University degree 302 (19.2)
Further degree 109 (6.9)

Currently employed
No 586 (37.0)
Yes 988 (63.0)

Deprivation, quintiles of general population
1: most deprived 393 (20.1)
2 444 (22.7)
3 409 (20.9)
4 371 (19.0)
5: least deprived 340 (17.3)

Smoking status
Never 670 (43.0)
Ex 571 (36.7)
Current 316 (20.3)

Smoking quantity
Low 103 (34.5)
Moderate 123 (41.1)
High 73 (24.4)

Alcohol consumption
Never 112 (7.2)
Ex 272 (17.4)
Current 1,175 (75.4)

Patient reported factors†
Disease activity, BASDAI (0 = best, 10 = worst) 1,560, 4.9 (2.6, 6.8)
Physical function, BASFI (0 = best, 10 = worst) 1,574, 4.5 (2.0, 7.0)
Global health, BAS-G (0 = best, 10 = worst) 1,563, 5.5 (2.5, 7.5)
Quality of Life, ASQoL (0 = best, 18 = worst) 1,561, 9 (3, 14)
SF-12 MCS (0 = worst, 100 = best) 1,536, 47.1 (37.5, 55.3)
SF-12 PCS (0 = worst, 100 = best) 1,536, 39.2 (29.8, 48.5)
Chalder Fatigue Scale (0 = best, 33 = worst) 1,579, 14 (11, 19)
Jenkins sleep (0 = best, 20 = worst) 1,571, 10 (5, 15)
Widespread Pain Index (0 = best, 19 = worst) 751, 4 (2, 7)
Somatic symptoms scale (0 = best, 32 = worst) 582, 5 (3, 8)
Polysymptomatic distress scale (0 = best, 32 = worst) 582, 10 (7, 14)
Generalized pain
No 453 (68.9)
Yes 204 (31.1)

Fibromyalgia
No 477 (73.0)
Yes 176 (27.0)

Depression, HADS (0 = best, 21 = worst)† 1,561, 5 (2, 9)
Anxiety, HADS (0 = best, 21 = worst)† 1,561, 7 (4, 11)

Clinical factors
Symptom duration, years† 1,960, 16.0 (7.0, 29.5)
Axial SpA classification, modified New York 1,337 (68.2)
ASAS imaging, not modified New York 558 (28.5)
ASAS clinical 65 (3.3)
HLA–B27
Positive 999 (51.0)
Negative 252 (12.8)
Unknown 709 (36.2)

(Continued)

METROLOGY IN SPA AND ASSESSMENT INFORMATION 667



symptoms were assessed using the Widespread Pain Index (0–9)
and symptom severity scale (0–12) of the 2011 research criteria
for fibromyalgia (25), fatigue with the Chalder Fatigue Scale
(0–33) (26), and sleep disturbance by the Jenkins Sleep Evalua-
tion Questionnaire (0–20) (27), with higher scores on each indicat-
ing a worse state. Where required, permissions were obtained for
the use of patient-reported measures.

Outcomes (in the biologics subcohort) were measured at the
first contact with the study between 10 weeks and 9 months after
commencement of anti-TNF therapy (28). The following response
outcomes were considered: ASAS 20% improvement (ASAS20)
and ASAS 40% improvement (ASAS40) (29,30); a clinically impor-
tant improvement in the Ankylosing Spondylitis Disease Activity
Score (ASDAS; a decrease of at least 1.1); moving from a very
high/high to moderate or inactive ASDAS disease activity state
(score < 2.1) (31,32); and the ASQoL (22).

Statistical analysis. For assessing the ability of patient-
reported and other clinical factors to estimate the BASMI score, the
data used were from the time of recruitment. Univariable regression
analysis was used to investigate the association between the BASMI
score and other variables of interest, with results given as β coeffi-
cients (with 95% confidence intervals [95% CIs]). These are inter-
preted as the change in the BASMI per 1-unit change in each

variable examined. To identify a group of factors independently asso-

ciated with the BASMI score, forward stepwise regression was used.

Factors associated with the BASMI at P less than or equal to 0.2 dur-

ing univariable analysis were offered as candidate variables. Factors

entered the model at P less than or equal to 0.1 and were removed

at P greater than 0.15. Variables for which the number of participants

was small (n < 750: polysymptomatic distress scale, somatic symp-

toms scale, generalized pain, fibromyalgia, and erythrocyte sedimen-

tation rate [ESR]) were excluded. The performance of the model was

assessed by testingwhether the estimatedBASMI valueswerewithin

�1 of the measured BASMI values. This �1 threshold was chosen

from a previous study that indicated that a 1-point change in the

BASMI was considered clinically significant (33).
For assessing factors associated with response to therapy,

only patients in the biologic subcohort were eligible. The BASMI
score measured at the time of recruitment (prior to therapy com-
mencement) as well as other clinical and patient-reported factors
were assessed in terms of their relationship with outcome. Sepa-
rate models were run for each outcome considered. Univariable
regression analysis used logistic regression, except for ASQoL,
where linear regression was used. Factors associated at a signifi-
cance threshold of P less than or equal to 0.2 (including the
BASMI score) were offered to backward stepwise regression
models to determine a parsimonious group of factors that best

Table 1. (Cont’d)

Variable Value

Criteria
Radiographic 1,382 (83.4)
Magnetic resonance imaging 251 (15.1)
Clinical 24 (1.5)

Comorbidity count (range 0–5)† 1,950, 0 (0, 1)
Uveitis
No 1,461 (74.9)
Yes 489 (25.1)

Inflammatory bowel disease
No 1,755 (90.0)
Yes 195 (10.0)

Psoriasis
No 1,738 (89.1)
Yes 212 (10.9)

Dactylitis
No 1,858 (95.3)
Yes 92 (4.7)

Enthesitis
No 1,740 (89.2)
Yes 210 (10.8)

Body mass index, kg/m2† 1,716, 27.1 (24.1, 30.8)
C-reactive protein, mg/dl† 1,544, 0.6 (0.2, 2.0)
Erythrocyte sedimentation rate, mm† 745, 11 (5, 23)

* Values are the number (%) unless indicated otherwise. ASAS = Assessment of Spondylarthritis international Soci-
ety; ASQoL = Ankylosing Spondylitis Quality of Life Questionnaire; BASDAI = Bath Ankylosing Spondylitis Disease
Activity Index; BASFI = Bath Ankylosing Spondylitis Functional Index; BAS-G = Bath Ankylosing Spondylitis Patient
Global; BASMI = Bath Ankylosing Spondylitis Metrology Index; BSRBR-AS = British Society for Rheumatology Biologic
Register for Ankylosing Spondylitis; HADS = Hospital Anxiety and Depression Scale; Jenkins = Jenkins Sleep Evalua-
tion Questionnaire; SF-12 MCS = mental component score of the Short Form 12 health survey; SF-12
PCS = physical component score of the SF-12 health survey; SpA = spondyloarthritis.
† Values are the number, median (interquartile range).
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predict response. Variables were excluded at P greater than or
equal to 0.15 and re-entered at P less than or equal to 0.1. For
models with a binary outcome, effect measures were odds ratios
(ORs) with 95%CIs (interpreted as the increase in odds of the out-
come per 1-unit increase in the predictor variable), and for those

with linear outcomes, β coefficients are presented (interpreted as
the increase in the outcome variable [ASQoL] per unit increase in
the predictor variable). All statistical analysis was undertaken
using Stata software, version 15, and the final BSRBR-AS study
download was used (December 2018).

Table 2. Univariate linear analysis showing association between BASMI score and other factors*

Variable Value

Demographic factors
Age, per year† 1,960, 0.06 (0.05, 0.07)
Sex, female vs. male† 1,960, –0.58 (–0.78, –0.39)
Education† 1,572
Secondary school (Ref.)
Apprenticeship –0.23 (–0.57, 0.11)
Further education college –0.71 (–0.95, –0.48)
University degree –1.32 (–1.59, –1.05)
Further degree –1.27 (–1.66, –0.87)

Currently employed, yes vs. no† 1,574, –1.71 (–1.90, –1.53)
Deprivation, per increasing category† 1,957, 0.09 (0.02, 0.16)
Smoking status† 1,557
Ex vs. never 0.61 (0.39, 0.83)
Current vs. never 0.75 (0.47, 1.00)

Alcohol consumption† 1,559
Ex vs. never –0.01 (–0.44, 0.42)
Current vs. never –0.84 (–1.21, –0.46)

Patient-reported factors
Disease activity (BASDAI), per unit increase† 1,560, 0.24 (0.20, 0.28)
Physical function (BASFI), per unit increase† 1,574, 0.39 (0.35, 0.42)
Global health (BAS-G), per unit increase† 1563, 0.23 (0.20, 0.26)
Quality of life (ASQoL), per unit increase† 1,561, 0.12 (0.09, 0.13)
SF-12 MCS, per unit increase† 1,536, –0.01 (–0.02, –0.01)
SF-12 PCS, per unit increase† 1,536, –0.07 (–0.08, –0.06)
Chalder Fatigue Scale, per unit increase† 1,579, 0.04 (0.02, 0.06)
Jenkins sleep, per unit increase† 1,571, 0.05 (0.03, 0.06)
Widespread Pain Index, per unit increase† 751, 0.10 (0.06, 0.14)
Somatic symptoms scale, per unit increase† 582, 0.08 (0.02, 0.13)
Polysymptomatic distress scale, per unit increase† 582, 0.07 (0.05, 0.10)
Generalized pain, yes vs. no† 747, 0.89 (0.57, 1.21)
Fibromyalgia, yes vs. no† 653, 0.64 (0.30, 0.98)
Depression, per unit increase† 1,561, 0.11 (0.09, 0.13)
Anxiety, per unit increase† 1,561, 0.04 (0.02, 0.06)

Clinical factors
Symptom duration, per year† 1,960, 0.05 (0.04, 0.05)
HLA–B27, negative vs. positive† 1,251, 0.31 (0.04, 0.59)
Criteria† 1,657
Radiographic (Ref.)
Magnetic resonance imaging –1.62 (–1.88, –1.36)
Clinical –1.71 (–2.49, –0.93)

Comorbidity count, per unit increase† 1,950, 0.68 (0.57, 0.78)
Uveitis, yes vs. no 1,950, 0.06 (–0.14, 0.27)
Inflammatory bowel disease, yes vs. no† 1,950, 0.53 (0.23, 0.83)
Psoriasis, yes vs. no† 1,950, 0.40 (0.11, 0.64)
Dactylitis, yes vs. no 1,950, –0.03 (–0.45, 0.38)
Enthesitis, yes vs. no 1,950, 0.22 (–0.06, 0.50)
Body mass index, per unit increase† 1,716, 0.06 (0.03, 0.08)
C-reactive protein, per unit increase† 1,544, 0.01 (0.00, 0.02)
Erythrocyte sedimentation rate, per unit increase† 745, 0.02 (0.01, 0.03)

* Values are the number, regression coefficient β (95% confidence interval). ASQoL = Ankylosing Spondylitis Quality
of Life Questionnaire; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; BASFI = Bath Ankylosing Spon-
dylitis Functional Index; BAS-G = Bath Ankylosing Spondylitis Patient Global Score; BASMI = Bath Ankylosing Spon-
dylitis Metrology Index; HADS = Hospital Anxiety and Depression Scale; Jenkins = Jenkins Sleep Evaluation
Questionnaire; Ref. = reference; SF-12 MCS = mental component score of the Short Form 12 health survey; SF-12
PCS = physical component score of the SF-12.
† Eligible for stepwise model (P < 0.2).
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RESULTS

A total of 1,960 participants were eligible for the analysis
examining the estimation of BASMI score. Approximately two-
thirds were male (70%), their median age was 48 years (inter-
quartile range [IQR] 37, 59) and the median symptom duration
was 16 years (IQR 7, 30) (Table 1). Of those who had been tested,
80% were HLA–B27 positive. Most participants (68%) met the
mNY criteria for AS, an additional 29% met ASAS nonradio-
graphic imaging criteria for axial SpA, while 3% fulfilled only ASAS
clinical criteria for axial SpA. The median BASMI score was 3.6
(IQR 2.2, 5.3). For BASDAI, BASFI, and BAS-G the median
scores were 4.9 (IQR 2.6, 6.8), 4.5 (IQR 2.0, 7.0), and 5.5 (IQR
2.5, 7.5), respectively.

In the univariable analysis, all factors assessed, apart from
dactylitis, enthesitis, and uveitis, were significantly associated with
the BASMI score (Table 2). The BASMI score was positively
related to all other Bath indices (BASFI β = 0.39 [IQR 0.35, 0.42],
BASDAI β = 0.24 [IQR 0.20, 0.28], and BAS-G β = 0.23 [IQR
0.20, 0.26]). Participants who were currently employed had a sig-
nificantly lower BASMI score (i.e., better spinal mobility) (β = –1.71
[IQR –1.90, –1.53]), than those not employed. MRI criteria (signs
of active inflammation suggestive of sacroiliitis) were associated
with a lower BASMI score compared with radiographic evidence
of sacroiliitis (bilateral grade 2 or unilateral grade 3; β = –1.62
[IQR –1.88, –1.36]) as were clinical criteria compared with radio-
graphic criteria (β = –1.71 [IQR –2.49, –0.93]). Higher BASMI
scores were observed for participants with comorbidities (per
additional comorbidity β = 0.68 [IQR 0.57, 0.78]).

Before undertaking the multivariable model, an assessment
for collinearity was conducted and revealed a high linear correla-
tion (r > 0.7) between the BASFI score and 4 other variables:
BASDAI, BAS-G, ASQoL, and SF12-PCS. As the BASFI showed
the strongest association with the BASMI during univariable
regression analysis (β = 0.39) and is a key target of axial SpA
management, it was included as a candidate variable for the multi-
variable model in preference to the other factors (Table 2).

The final multivariable model (n = 1,035) included 4 clinical
and 4 demographic/socioeconomic factors as independent esti-
mators of the BASMI score (Table 3). The clinical factors were
BASFI (β = 0.33 [IQR 0.30, 0.36]), criteria (MRI versus radio-
graphs as reference β = –0.78 [IQR –1.05, –0.52]; clinical β =
–0.94 [IQR –1.64, –0.24]), symptom duration in years (β = 0.01
[IQR 0.002, 0.02]), and CRP level (β = 0.01 [IQR –0.002, 0.02]).
The demographic/socioeconomic factors were age in years
(β = 0.03 [IQR 0.02, 0.04]), female sex (β = –0.25 [IQR –0.45,
–0.05]), and current employment (β = –0.23 [IQR –0.45, –0.004]),
as well as education. The R2 for the fit of the model was 0.48,
and 51% of the estimated BASMI values were within �1 of the
measured BASMI values (Figure 1). Estimation was better for
patients with BASMI scores in the midrange, with the model
underestimating all people with measured BASMI scores >7.

A total of 204 participants were eligible for the analysis exam-
ining predictors of response to biologic therapy. Their median age
was 48 years (IQR 38, 56), 73% were male, and the median
follow-up duration was 13.9 weeks (IQR 12.6, 16.4). Of those
who had been tested, 79% were HLA–B27 positive. Most partic-
ipants (81%) met the mNY criteria for AS, an additional 17% met

Table 3. Results of the stepwise forward model to estimate BASMI
score*

Variables Value

Physical function (BASFI), per unit increase 0.33 (0.30, 0.36)
Age, per year 0.03 (0.02, 0.04)
Criteria
Radiographic Ref.
Magnetic resonance imaging –0.78 (–1.05, –0.52)
Clinical –0.94 (–1.64, –0.24)

Symptom duration, per year 0.01 (0.002, 0.02)
Current employment, yes vs. no –0.23 (–0.45, –0.004)
CRP, per unit increase 0.01 (–0.002, 0.02)
Sex
Male Ref.
Female –0.25 (–0.45, –0.05)

Education
Secondary school Ref.
Apprenticeship –0.13 (–0.45, 0.19)
Further education college –0.18 (–0.41, 0.04)
University degree –0.33 (–0.59, –0.07)
Further degree –0.40 (–0.79, –0.02)

* Values are the regression coefficient β (95% confidence interval).
Number of observations = 1,035; R2 = 0.4824, adjusted R2 = 0.4764.
BASFI = Bath Ankylosing Spondylitis Functional Index; BASMI = Bath
Ankylosing Spondylitis Metrology Index; CRP = C-reactive protein;
Ref. = reference.

Figure 1. Predictive performance of the final multivariable linear
regression model. A hypothetical perfect model would align all points
on the 45� continuous red line. The points within the 45� red broken
lines represent predicted Bath Ankylosing Spondylitis Metrology
Index (BASMI) values that were within �1 of the measured BASMI.
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ASAS imaging criteria, while 2% fulfilled only ASAS clinical criteria
for axial SpA. At baseline, the median BASMI score was 4.6 (IQR
3.0, 5.8) and median ASDAS 3.7 (IQR 3.2, 4.5). At follow-up,
51% and 30% of participants met ASAS20 and ASAS40
response criteria, respectively. The BASMI measured at recruit-
ment was an independent predictor of both ASAS20 and
ASAS40 response, with effect measures of response per unit
increase of OR 0.80 (95% CI 0.66, 0.98) and OR 0.69 (95% CI
0.50, 0.95) for ASAS20 and ASAS40, respectively (Table 4). Other
significant factors included in the models predicting nonresponse
were higher BMI (both models) and smoking, the absence of
enthesitis, and higher levels of anxiety (ASAS40 only). The BASMI
was also an important predictor of poor QoL (β = 0.64 [95% CI
0.26, 1.02]), and other predictors were poorer QoL at recruit-
ment, higher levels of deprivation, a higher BMI and tender joint
count, as well as higher levels of anxiety. In contrast, the BASMI
score was not retained in the models based on either the change
in, or final level of, ASDAS (Table 4). The outcome of clinically
important change in ASDAS was dominated by the initial level of
ASDAS, while prediction of a final low level of ASDAS only had a
single significant predictor, low levels of anxiety.

DISCUSSION

Decreased spinal mobility in patients with axial SpA is associ-
ated with decreased physical function, being older, male sex, longer
symptom duration, not having current employment, a lower level of
education, meeting radiographic criteria for AS, and having a higher
CRP level. However, the ability to estimate the BASMI score based
on patient characteristics and patient-reported and clinical factors is
modest. Further, we have shown that the BASMI score is an inde-
pendent predictor of treatment response when response is defined
in terms of ASAS20/40 or quality of life, but not ASDAS.

The BSRBR-AS registry comprises a relatively large cohort of
participants compared to other studies assessing the BASMI in
the scientific literature (34–39). Most patients seen in rheumatol-
ogy clinics would have been eligible, as well as patients in recruit-
ing centers, including teaching and district general hospitals
covering wide geographic areas. The current analysis has certain
limitations. The patient-reported data and the measurement of
the BASMI were not at the same time. The BASMI score was col-
lected during the routine clinical visit, while the patient-reported
information was provided when completing the postal-delivered

Table 4. Factors at recruitment associated with response to biologic therapy, with number of participants in model and % meeting criteria*

Variables at recruitment
ASAS20 ASAS40 Δ ASDAS ≥1.1 ASDAS <2.1 ASQoL

(n = 157, 51%) (n = 144, 30%) (n = 151, 47%) (n = 149, 31%) (n = 157, NA)

BASMI, per unit increase 0.80 (0.66, 0.98) 0.69 (0.50, 0.95) – – 0.64 (0.26, 1.02)
Age, per unit increase – 0.96 (0.93, 1.003) – 0.97 (0.93, 1.004) –

Education
Secondary school – – – Ref. –

Apprenticeship – – – 2.72 (0.72, 10.2) –

College – – – 0.77 (0.25, 2.44) –

University degree – – – 2.29 (0.81, 6.50) –

Further degree – – – 3.74 (0.69, 20.6) –

Deprivation, per increasing category – – – 0.77 (0.56, 1.06) 0.60 (0.12, 1.07)
Smoking status
Never – Ref. – – –

Ex – 0.47 (0.17, 1.29) – – –

Current – 0.22 (0.06, 0.79) – – –

Alcohol consumption
Never Ref. – – – –

Ex 1.25 (0.27, 5.75) – – – –

Current 3.02 (0.86, 10.64) – – – –

Body mass index, per unit increase 0.93 (0.87, 0.99) 0.89 (0.81, 0.97) – – 0.14 (0.02, 0.26)
BASFI, per unit increase – 1.47 (0.99, 2.20) – – –

Enthesitis, yes vs. no – 3.72 (1.03, 13.4) 5.87 (1.28, 26.97) – –

SF-12 MCS, per unit increase – 1.06 (1.01, 1.10) – –

SF-12 PCS, per unit increase – 1.06 (0.99, 1.12) – – –

ASDAS, per unit increase 1.28 (0.90, 1.81) 1.90 (0.99, 3.64) 5.25 (2.90, 9.50) 0.77 (0.50, 1.17) –

ASQoL, per unit increase – – – – 0.51 (0.33, 0.68)
Comorbidity count, per unit increase – – 0.42 (0.24, 0.71) 0.54 (0.29, 1.02) –

Tender joint count, per unit increase – – 0.83 (0.67, 1.02) – 0.19 (0.05, 0.33)
HADS anxiety, per unit increase – 0.87 (0.78, 0.97) – 0.84 (0.76, 0.94) 0.24 (0.07, 0.41)
C-reactive protein, per unit increase – 0.94 (0.88, 1.01) – – –

* Values are the odds ratio (95% confidence interval [95% CI]), except for Ankylosing Spondylitis Quality of Life Questionnaire (ASQoL) mea-
sured at follow-up, where β (95% CI) represents the coefficient of linear regression. ASAS = Assessment in Ankylosing Spondylitis (ASAS20/
ASAS40 = 20%/40% improvement); ASDAS = Ankylosing Spondylitis Disease Activity Score; ASQoL = Ankylosing Spondylitis Quality of Life Ques-
tionnaire; BASFI = Bath Ankylosing Spondylitis Functional Index; BASMI = Bath Ankylosing Spondylitis Metrology Index; HADS = Hospital Anxi-
ety and Depression Scale; NA = not applicable; Ref = reference; SF-12 MCS = mental component score of the Short Form 12 health survey;
SF-12 PCS = physical component score of the SF-12.
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questionnaire that would be received around the time of the first
expected routine visit after starting anti-TNF therapy. The mea-
surements of the BASMI score were at a single point of time and
would be subject both to short-term variation that occurs in indi-
viduals and to measurement error. However, these issues would
make estimating the BASMI score more difficult, and the data
would underestimate the performance of a model to do
so. Participants in the data set predominantly fulfilled the mNY cri-
teria with established radiographic changes (68%); thus, the pre-
sented model might be different in a cohort with more
nonradiographic axial SpA participants, as the BASMI scores
appear to be lower in this population (34). Whenever there are
missing data, a possibility of selection bias exists. This possibility
is a particular issue when measuring the prevalence of a disease,
symptom, or other disease attribute. It is less of a concern when
we are measuring the association between variables; this associ-
ation should still be unbiased unless there is a different relation-
ship between the BASMI and other characteristics in people
who had the BASMI score measured compared to those who
did not.

The associations identified here account for ~50% of the
variance in the BASMI score (although as noted above, for
methodologic reasons, this finding is likely to be an underesti-
mate). This modest estimation of the BASMI score could be
due to several reasons; the BASMI score may capture some-
thing that other measurements do not, or there might be other
measurements that could estimate the BASMI score better,
but the BSRBR-AS did not collect them (such as more detailed
information on imaging). Other than having more detailed infor-
mation available from imaging (rather than just which criteria
are met), identifying what these missing factors might be is diffi-
cult, as the data collected within the BSRBR-AS are based on
consensus meetings with consultant rheumatologists to reflect
routine clinical practice in the UK and were supervised by an
international steering committee. While we show a relationship
(on univariable analysis) between mental health measures and
the BASMI score, the data presented here do not allow us to
draw conclusions on the temporal nature of this relationship.
Mental health may directly influence the BASMI, but more likely
persons with severe disease (reflected in the BASMI) are those
most likely to develop poor mental health.

The model estimating the BASMI score did not perform well
for persons with high measured BASMI scores. The estimated
score for all persons with a BASMI score >7 was an underesti-
mate, sometimes by a considerable amount. In a supplementary
(unplanned) logistic regression, we looked at what factors were
associated with having a BASMI score >7. Longer disease dura-
tion, male sex, meeting radiographic criteria, not currently working,
and higher levels of anxiety were all significantly related, but the fit
of themodel was poor (R2 = 0.16) (data not shown). The first 3 fac-
tors directly contribute to disease progression and hence poor
mobility, while the remaining 2 factors are likely, at least in part, a

consequence of poor mobility. Better understanding what factors
result in persons having very poor spinal mobility would be
important.

Several studies have attempted to identify factors associated
with the spinal mobility of patients with axial SpA. Calvo-Gutierrez
et al (2015) (37), in a study of 50 patients, found that the University
of Cordoba Ankylosing Spondylitis Metrological Index was inde-
pendently predicted by structural damage, higher disease activity,
older age, and longer symptom duration. This result is similar to
the findings from the current study. Another small study (n = 81),
based on data collected prospectively in Turkey, also found an
independent association between the BASMI and older age in
years (β = 0.4), male sex (β = 0.2), HLA–B27 positivity (β = –0.2),
and longer disease duration in years (β = 0.3) (38). A longitudinal
mixed model (39), based on the German Spondyloarthritis Incep-
tion Cohort data (n = 210), found an independent association
between the BASMI score and the sacroiliitis sum score (β = 0.12
[95% CI 0.03, 0.21]), which is in line with our finding that radio-
graphic evidence of sacroiliitis is associated with poorer spinal
mobility.

Only a few studies have examined whether the BASMI score
is a predictor of treatment response; in a study of 624 participants
with axial SpA in Switzerland who were starting TNF inhibitor
(TNFi) therapy, a high BASMI score was a significant predictor of
not satisfying the ASAS40 response criteria at 1 year follow-up
(OR 0.76 per unit increase [95% CI 0.63, 0.90]) (40). The BASMI
score on commencing TNFi therapy was a predictor of better
physical function and spinal mobility at 3-year follow-up in a study
of 257 patients with AS from The Netherlands (41), but the BASMI
score was not an independent predictor of inactive disease
(defined by ASDAS <1.3) in a study of 117 patients with AS
treated with TNFi in Brazil (42). All these results are in agreement
with those from the current study. Other prospective studies of
treatment response have not considered or included the BASMI
score as a potential predictor (43).

In a 5-year prospective study of 166 patients with axial SpA
in Sweden, a high BASMI score predicted radiographic progres-
sion, although only in women (44). In a recent meta-analysis
examining factors associated with high interleukin-23 (IL-23)
levels in patients with axial SpA, including 10 studies with 1,724
patients, the BASMI score was 1 of 2 factors, along with inflam-
matory markers (ESR and CRP level), to be positively associated
(correlation coefficient 0.46 [95% CI 0.03, 0.75]) (45), while a small
study of 32 patients with AS in Brazil demonstrated a significant
correlation with IL-6 (46). Mewes et al (2019), in a small study of
55 patients with axial SpA, showed a strong association between
a high BASMI score and poor balance, which in turn was linked to
a higher risk of falls (47).

The current study identified the fact that the BASMI score was
reasonably well estimated by other patient-reported and routinely
available clinical data. However, high measured BASMI scores
in particular were not well estimated. Clinical assessments are
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time-consuming and need trained staff (9), although the results
from this study show that among persons commencing biologic
therapy, the BASMI score was an independent predictor of
response for some but not all recognized response criteria. The
BASMI does not routinely feature in evidence-based guidelines for
management of axial SpA. For example, the NICE treatment rec-
ommendation (48) makes no mention of the BASMI or of spinal
mobility, while the ASAS–European Alliance of Associations for
Rheumatology recommendations mention “spinal mobility” as
one aspect of the disease for monitoring (49). However, ASAS pos-
itively recommends a set of measurements that overlap with but
are not identical to the BASMI (50). We also noted in our current
study that some centers (27%) did not routinely measure the
BASMI. This absence suggests that while the measurement of spi-
nal mobility provides additional information on disease status and
for some measures of treatment response, how this information
should be incorporated into disease monitoring and clinical
decision-making remains to be determined, particularly in circum-
stances where face-to-face consultations are likely to become less
frequent.
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Rheumatology Milestones 2.0: A Roadmap for
Competency-Based Medical Training of Rheumatology
Fellows in the 21st Century

Jason E. Liebowitz,1 Karina D. Torralba,2 Jason Kolfenbach,3 Bethany Marston,4 Anisha B. Dua,5

Kenneth S. O’Rourke,6 Kevin McKown,7 Michael J. Battistone,8 Joanne Valeriano-Marcet,9 Laura Edgar,10

Sydney McLean,10 Karen R. Gouze,11 and Marcy B. Bolster12

Objective. Since 2014, rheumatology fellows have been assessed not only based on their ability to provide
patient care and possession of medical knowledge but also on their skill in serving as patient advocates, navigators
of health systems, and members of a health care team. Such assessments have been carried out through the use of
competency-based milestones from the Accreditation Council of Graduate Medical Education (ACGME). However, a
needs assessment has demonstrated interest in more context validity and subspecialty relevance since the
development of the ACGME internal medicine (IM) subspecialty reporting milestones. The ACGME thus created a
milestones working group, and the present study was undertaken to develop Rheumatology Milestones 2.0 as well
as a supplemental guide to assist with implementation.

Methods. The working group, consisting of 7 rheumatology program directors, 2 division directors, a community prac-
tice rheumatologist, a rheumatology fellow in training, and a public member who is a rheumatology patient, was overseen
by the ACGME vice president for milestones development andmet through three 12-hour, in-personmeetings to compose
the rheumatology specialty milestones and supplemental guide within the ACGME Milestones 2.0 project.

Results. Informed by the needs assessment data and stakeholders, the working group revised and adapted the
ACGME IM subspecialty reporting milestones to create a rheumatology-specific set of milestones and a supplemental
guide for their implementation.

Conclusion. The Rheumatology Milestones 2.0 provides a specialty-specific, competency-based evaluation tool
that can be used by program directors, clinical competency committees, and others to assess the competencies of
rheumatology fellows during training and help measure readiness for independent practice.

INTRODUCTION

Medical education has historically focused on the acquisi-

tion of knowledge and skills directly related to patient care, but

current medical practice places multifaceted demands on those

graduating from medical training programs. While performance

of a comprehensive history and physical examination and devel-

opment of a broad differential diagnosis and an integrated man-

agement plan are key, today’s trainees must also demonstrate

effective communication with patients and caregivers, efficiently

coordinate interdisciplinary care while demonstrating profession-

alism, and navigate a complex health care system that requires
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extensive documentation, cultural competency, and application

of practice improvement and patient safety initiatives while main-

taining attention to patient-centered care and physician wellness

(1,2). Acquisition of these competencies is central to the trajec-

tory of a trainee’s growth and development as a physician and

helps to provide evidence that the trainee will succeed in inde-

pendent practice (Table 1). A rheumatology fellow progresses

through 2 years of Accreditation Council for Graduate Medical

Education (ACGME) training to become an entrusted member

of our specialty, and this progression is marked by the successful

attainment of knowledge, skills, and attitudes, also known as

milestones (3–5).
There has been a shift from a hierarchical, teacher-driven

system to a more learner-centered process that embraces
competency-based medical education (CBME). In the former,

decisions regarding educational content rested with the teacher,
and evaluations were time and norm referenced such that the
learner was compared to his or her peers (6). Based on data from
this model, fellows frequently received scores in the “excellent” or
“superior” range (scored 8–10 on a 10-point scale or 4–5 on a
5-point scale) (7–9). The lack of specificity and distinguishable
metrics made focused and meaningful faculty feedback difficult
to provide to a fellow. The need for a shared mental model to
delineate and track the professional development of trainees in
the acquisition of knowledge, skills, and attitudes has driven
efforts to implement CBME (10–15). In 1999 (Figure 1), the
ACGME and the American Board of Medical Specialties desig-
nated 6 core competencies to define the foundational skills and
attributes that every practicing physician should possess: patient
care (PC), medical knowledge (MK), systems-based practice
(SBP), practice-based learning and improvement (PBLI), profes-
sionalism (PROF), and interpersonal and communication skills
(ICS) (Table 1) (16). The framework in which these competencies
are expressed underscores the principles of CBME that allow
learner achievement to occur at rates dependent on demon-
strated competence rather than on time, allowing for a systematic
approach to individualized learning and provision of relevant feed-
back and increased learner and program accountability (11–13).

With the Next Accreditation System, 7 specialties, including
internal medicine (IM), developed reporting milestones (17).
Milestones mark demonstrable achievements along a course of

Table 1. Definition of terms utilized during the milestone development process*

Competencies Attributes that training physicians are expected to achieve. The 6 ACGME core competencies in which every physician
should gain competence to practice medicine are PC, MK, SBP, PBLI, PROF, and ICS.

Subcompetencies A component of a general competency that can be distinguished and evaluated.
Milestone A competency-based developmental outcome (e.g., knowledge, skills, attitude, and performance) that can be demonstrated

progressively by fellows from the beginning of their education through graduation, ultimately achieving the abilities for
unsupervised practice within their specialty.

Curricular
milestones

Milestones defined by every specialty of medicine to delineate the competency-based developmental outcomes that
residents or fellows within that specialty should progressively meet (5). Consists of granularly detailed descriptions of
progression in knowledge, skills, and attitudes across curricular content in rheumatology. Same as reporting milestones
(see below), curricular milestones can be used by individual programs to gauge trainee progress but in contrast are not
reported to the ACGME through the ADS. In its current 2015 version for the first milestones version, there are 80
rheumatology curricular milestones (25 for PC, 19 for MK, 10 for SBP, 9 for PBLI, 9 for PROF, 8 ICS).

Reporting
milestones

Competency-based developmental outcomes that can be demonstrated progressively by residents and fellows from the
beginning of their education through graduation to the unsupervised practice of their specialty (3). All residents’ and
fellows’ progress on meeting the reporting milestones of their specialty or subspecialty are discussed by the CCC and are
reported biannually to the ACGME.

Rheumatology-
specific
milestones

Pertains to Milestones, version 2.0, which encompasses all 6 core competencies and places emphasis on rheumatology-
specific features in the competencies of PC and MK.

Harmonized
milestones

Pertains to part of the Milestones, version 2.0, encompasses the core competencies of SBP, PROF, ICS, and PBLI; created by
content experts, program directors, interprofessional team members, and other faculty from across multiple specialties,
these milestones are intended to be applicable to all specialties and subspecialties.

PD Physician responsible for the educational content of the residency or fellowship training program, assessment of the
trainees, and the verification of competence at the completion of training.

CCC A required body composed of ≥3 members of the active teaching faculty that is advisory to the PD and reviews the progress
of all trainees in the program.

* ACGME = Accreditation Council of Graduate Medical Education; ADS = Accreditation Data System; CCC = Clinical Competency Committee;
ICS = interpersonal and communication skills; MK = medical knowledge; PBLI = practice-based learning and improvement; PC = patient care;
PD = program director; PROF = professionalism; SBP = systems-based practice.

SIGNIFICANCE & INNOVATIONS
• This study describes the needs assessment for and

development of RheumatologyMilestones 2.0, which
will be used by every US rheumatology fellowship
training program.

• Rheumatology Milestones 2.0 specialty-specific
milestones offer an enhanced evaluation tool for
fellows-in-training aligning with adult learning the-
ory and a learner-centered educational approach.
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development as the learner exhibits increasing aptitude
(Table 1). The reporting milestones, which are based on the
Dreyfus model of skills acquisition, serve as a robust framework
of observable behaviors and a trajectory by which performance
outcomes for a trainee are defined, ranging from novice through
expert (18,19). The ACGME internal medicine (IM) subspecialty
reporting milestones (Table 2), developed by physicians from
academic medical centers representing each subspecialty, were
used by clinical competency committees (CCCs) for the forma-
tive and summative assessment of trainees in all subspecialty
programs to provide an objective assessment of fellow perfor-
mance utilizing specific metrics in multiple clinical environments
(19–23). However, the operational effectiveness of the subspeci-
alty reporting milestones was reduced due to the use of the
same outcomes for all fellows regardless of subspecialty, the
complexity of milestones language, and the unclear trajectory
from novice to expert.

These difficulties further hampered attempts at faculty devel-
opment. Analysis of reported milestones and faculty feedback
through interviews at program director meetings, visits to training
programs, and the ACGME Milestones Summit revealed that
these complexities overall mitigated the desired effects of a
shared mental model of milestone progression in the context of
CBME (16,20–22). A needs assessment survey administered to
IM subspecialty program directors showed that 85% preferred
developing subspecialty-specific milestones; the same prefer-
ence was expressed by 50 (78%) of 64 rheumatology program
directors (55% response rate) who responded to the survey. It
was also recognized that milestones for SBP, ICS, PROF, and
PBLI can be shared across specialties in the form of harmonized
milestones. ACGME harmonized milestones were subsequently
created by content experts, program directors, interprofessional
team members, and faculty from various specialties (16).

The Rheumatology Milestones 2.0 project was, therefore,
borne of an initiative by the ACGME, ABIM, and the American Col-
lege of Rheumatology (ACR) to develop relevant specialty-specific
milestones while employing harmonized milestones, the latter of
which cross all specialties (20,22,23). The goal is to provide a
practical and universal framework for the assessment and evalua-
tion of fellows in rheumatology fellowship programs. Our intent is
to create revised milestone language that facilitates the provision
of targeted feedback to trainees in the context of, and specific
to, the specialty of rheumatology.

MATERIALS AND METHODS

The following guiding principles were used by the ACGME for
all 2020 Milestones working groups and informed decisions
regarding the composition of working groups and the milestones
development process: 1) selection of the milestone development
group to include a diverse membership by members’ age, sex,
location, and experience; 2) simplifying milestone complexity by
using clear language; 3) enhancing community engagement,
including participation by laypersons and the public at large and
maintaining open communication with program directors through
surveys; and 4) creation of additional tools and resources for pro-
grams and sponsoring institutions (20).

Working group. In 2018, the ACGME tasked the ACR and
ABIM to create a Rheumatology Milestones 2.0 working group
(Figure 1). The ACR Committee on Training and Workforce
(COTW) posted a call for nominations. The working group mem-
bers were diverse with regard to age, sex, and ethnicity. The group
consisted of 8 academic rheumatologists (6 program directors,
1 division director, 1 dual roled), a community practice rheumatolo-
gist, a rheumatology fellow in training, and a public member who is a

Figure 1. Evolution of competency-based graduate medical education in rheumatology. The timeline depicts general (lower boxes) and
rheumatology-specific (upper boxes) landmarks in the development of competency-based graduate medical education milestones. ABIM = Amer-
ican Board of Internal Medicine; ACGME = Accreditation Council for Graduate Medical Education; ACR = American College of Rheumatology;
CFC = Carolinas Fellows Collaborative; ICS = interpersonal and communication skills; MK = medical knowledge; NAS = Next Accreditation Sys-
tem; PBLI = practice-based learning and improvement; PC = patient care; PROF = professionalism; RhUS = rheumatologic ultrasound; SBP =
systems-based practice.
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Table 2. Rheumatology reporting milestones: comparison of milestones developed in 2015 (version 1) and 2020 (version 2.0)*

Internal medicine subspecialty reporting milestones
(Milestones version 1, 2015)

Rheumatology Milestones 2.0
(Milestones version 2, 2020)

Detailed content†
Rheumatology-

specific
milestones (9)

PC1 Gathers and synthesizes essential and accurate
information to define each patient’s clinical problem(s)

Gathers an essential and accurate patient history

PC2 Develops and achieves comprehensive management plan
for each patient

Physical examination

PC3 Manages patients with progressive responsibility and
independence

Develops and achieves a comprehensive management
plan for each patient presenting with signs and
symptoms of rheumatic conditions

PC4 Demonstrates skill in performing and interpreting invasive
procedures (PC4a); demonstrates skill in performing and
interpreting noninvasive procedures and/or testing
(PC4b)

Therapeutics, including immunomodulatory agents

PC5 Requests and provides consultative care Procedures
PC6 – Provides consultative care
MK1 Possesses clinical knowledge Possess clinical knowledge
MK2 Knowledge of diagnostic testing and procedures Knowledge of diagnostic testing
MK3 Scholarship Scholarly activity

ACGME
harmonized
milestones
2018 (18)

SBP1 Works effectively within an interprofessional team (e.g.,
with peers, consultants, nursing, ancillary professionals,
and other support personnel)

Patient safety and quality improvement

SBP2 Recognizes system error and advocates for system
improvement

System navigation for patient-centered care

SBP3 Identifies forces that impact the cost of health care and
advocates for and practices cost-effective care

Physician role in health care systems

SBP4 Transitions patients effectively within and across health
delivery systems

–

PBLI1 Monitors practice with a goal for improvement Evidence-based and informed practice
PBLI2 Learns and improves via performance audit Commitment to reflective practice and personal growth
PBLI3 Learns and improves via feedback –

PBLI4 Learns and improves at the point of care –

PROF1 Has professional and respectful interactions with patients,
caregivers, and members of the interprofessional team
(e.g., peers, consultants, nursing, ancillary professionals,
and support personnel)

Professional behavior

PROF2 Accepts responsibility and follows through on tasks Ethical principles
PROF3 Responds to each patient’s unique characteristics and

needs
Accountability/conscientiousness

PROF4 Exhibits integrity and ethical behavior in professional
conduct

Self-awareness and help-seeking

ICS1 Communicates effectively with patients and caregivers Patient- and family-centered communication
ICS2 Communicates effectively in interprofessional teams (e.g.,

with peers, consultants, nursing, ancillary professionals,
and other support personnel)

Interprofessional and team communication

ICS3 Appropriate utilization and completion of health records Patient-centered interprofessional communication within
health care systems

General
characteristics

Developers Coordinated by ACGME and ABMS; working group
comprised of internal medicine physicians from many
academic medical centers with representatives from
internal medicine and each of its subspecialties

Coordinated by the ACGME, ACR, and ABIM; working
group composed of 8 rheumatologists representing
program directors, division directors, academic faculty,
including 1 ABIM rheumatology board representative;
in addition, a rheumatology fellow, and a community
member who is a patient with a rheumatic disease

(Continued)
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patient with a rheumatic disease. Four were current members of the
ACR COTW, 4 were ACR Rheumatology Research Foundation
(RRF) Clinician Scholar Educator grant awardees, 3 participated in
the 2015 ACR core curriculum update (5), 1 was a member of the
ABIM Rheumatology Specialty Board, and 1, representing the
ACR, participated in IM subspecialty reporting milestones develop-
ment (4). All participating physicians brought curriculum develop-
ment experience; 2 had achieved advanced training in medical
education, including one with a master’s degree. The group was
overseen by the ACGME Vice President for Milestones Develop-
ment and the Milestones project manager.

Rheumatology Milestones 2.0 revision and develop-
ment process. Three 12-hour, in-person meetings were held
between December 2018 and October 2019. Google Drive pro-
vided the file storage, sharing, and work synchronization platform.
Prior to the first meeting, reference materials and documents
regarding Bloom’s Taxonomy, IM subspecialty reporting mile-
stones development, and assessments across all subspecialties,
the ACGME’s Clinical Learning Environment Review Executive
Summary, and the harmonized milestones were provided to the
working group (24,25). Milestones development is patterned after
Dreyfus levels of skill acquisition (18–19), which is a model dem-
onstrating learners’ acquisition of skills through formal instruction
and practice. It has a 5-level trajectory of learner progression,
and in the context of medical education, the levels are as follows:
novice, advanced beginner, competent, proficient, expert.

Bloom’s taxonomy is a classification system of educational learn-
ing objectives providing key verbs aligning with each level of learn-
ing progression (26). Since milestones provide a contextual
framework of behaviors, the usage of verbs in Bloom’s taxonomy
to describe learner behavior at each level of skills acquisition and
progression provides clearer language of attributes, such that a
novice “recognizes,” whereas an expert “creates,” in the context
of Dreyfus levels of skill acquisition (26).

During the first meeting, review of the IM subspecialty report-
ing milestones, needs assessment survey results, current rheu-
matology practice needs, and potential changes over the next
decade was accomplished. Milestones related to PC and MK
subcompetencies were updated via small groups and then
reviewed by the entire group to gain consensus on clarity of con-
tent, including reviewing the use of anchor statements in the mile-
stones language and the conceptual frameworks on which the
behavioral assessments are based (19–23). Means by which dif-
ferent working groups have operationalized the acquisition of
competence within the milestones were reviewed and may relate
to 1) the consistency with which an attribute is demonstrated; 2)
the progression from learning to teaching to role modeling; or 3)
the ability to accomplish tasks based on complexity or rarity of
the situation (16,20–23,25).

Harmonized milestones. The harmonized milestones for
the SBP, PBLI, PROF, and ICS subcompetencies (22) were
reviewed next within small groups to ensure relevance, specificity,

Table 2. (Cont’d)

Internal medicine subspecialty reporting milestones
(Milestones version 1, 2015)

Rheumatology Milestones 2.0
(Milestones version 2, 2020)

Specificity Largely not specific to rheumatology; generic milestones
applicable across all internal medicine subspecialties

Rheumatology-specific PC and MK milestones; cross-
specialty harmonized milestones for the competencies
of SBP, PROF, PBLI, and ICS with minor customized
adjustments for rheumatology

Content Composed of 24 subcompetencies; largely adapted from
the internal medicine reporting milestones with the
addition of scholarship as a MK subcompetency

Composed of 21 competencies; PK and MK
subcompetencies are rheumatology specific; SBP, PBLI,
PROF, and ICS subcompetencies composed of cross-
specialty milestones but reviewed for appropriateness
to rheumatology training and practice; majority versed
in the language of domains instead of actions

Assessment
scales (based
on Dreyfus
model)

Organized from levels 1–5: level 1 (critical deficiency); level 2
(early learner); level 3 (learner who is advancing); level 4
(ready for unsupervised practice); level 5 (aspirational
[expert or role model]); there is a section to provide
comments; there is an option to indicate in long form if
the corresponding milestones are “not yet assessable”

Organized from levels 1–5: level 1 (novice); level 2
(advanced beginner); level 3 (competent); level 4
(proficient) [ready for unsupervised practice]); level 5
(expert); the term “critical deficiency” for level 1 was not
used; eliminated negative terminology; in the
comments section, there is an option to select “Not yet
completed level 1” and “Not yet assessable”

Supplemental
information

None Supplemental guide provided; contains examples of
clinical environments/situations that depict each level
of learner for each of the milestones, suggested
references, and assessment models/tools for each
subcompetency

* ABIM = American Board of Internal Medicine; ABMS = American Board of Medical Specialties; ACGME = Accreditation Council of Graduate
Medical Education; ACR = American College of Rheumatology; ICS = interpersonal and communication skills; MK = medical knowledge;
PBLI = practice-based learning and improvement; PC = patient care; PROF = professionalism; SBP = systems-based practice.
† Subcompetencies as distributed over the 6 core competencies of PC, MK, SBP, PBLI, PROF, and ICS.
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and applicability to rheumatology and subsequently reviewed by
the entire group to gain consensus on clarity of content and
language. Overall, no significant revisions were made to the
language of the harmonized milestones.

Supplemental guide development. The second and
third meetings were largely devoted to creating a guide for pro-
gram directors, CCCs, and faculty participating in fellow evalua-
tions. Notes, practical examples of fellow performance in specific
learning and training settings according to various Dreyfus levels
of skills acquisition, and references were used to compose the
supplemental guide (27). Small groups provided initial examples
and references, and a final review was performed by the entire
group.

Open commentary period. A draft of the Rheumatology
Milestones 2.0 was distributed to all rheumatology fellowship pro-
gram directors and coordinators, ACR Committee on Training
and Workforce members, and RRF Clinician Scholar Educator
recipients for review and feedback. It was also posted on the
ACGME website. Weekly email invitations requesting public com-
ment were sent out over a 4-week period. All recipients were
encouraged to share it with colleagues and rheumatology fellows
to gain broader input. Comments were compiled and reviewed to
modify and produce the final rheumatology Milestones product.

RESULTS

Table 2 outlines the subcompetencies aligned with and dif-
ferences between the 2015 IM subspecialty reporting milestones
and Rheumatology Milestones 2.0. Twenty-one subcompeten-
cies were developed as part of the updated Milestones (Table 2
and Supplementary Appendix A, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24507/abstract). Each fellowship program’s CCC uses a
6-month reporting period to assess each fellow’s completed eval-
uations and designates the milestone levels that best describe
each fellow’s current performance, abilities, and attributes for
each subcompetency (Figure 2).

The Rheumatology Milestones 2.0 eliminated the term “criti-
cal deficiency” used to describe level 1 in the IM subspecialty
reporting milestones (19). In keeping with the guiding principles,
milestones language was made as clear and simple as possible
to lessen any ambiguity. It also endorsed the cross-specialty har-
monized milestones with minimal modifications for the subcom-
petencies of PBLI, SBP, PROF, and ICS. The public member
provided valuable input on the importance of specific PC, PROF,
and ICS milestones from a patient’s perspective.

With the CBME concept of learner-based education being time
independent, these levels do not necessarily correspond to post-
graduate year of education, such that a junior fellow may achieve a
level 3 (competent learner) at 6 months in 1 subcompetency,

whereas a senior fellow may only perform at a level 2 (advanced
beginner). Selection of a level indicates that the fellow substantially
and consistently demonstrates the milestone skills and behaviors
for that level, as well as having consistently accomplished those in
lower levels. Notably, level 4 (proficiency) is designated as ready
for unsupervised practice, but it does not represent a graduation
requirement. Making decisions about readiness for graduation
remains under the purview of the program director, and the Mile-
stones include language precluding use as the sole assessment in
high-stakes decisions (i.e., determination of eligibility for board certi-
fication or credentialing). Level 5 (expert) represents a fellow whose
achievements in a subcompetency not only exceed expectations
but are aspirational and may reflect role-modeling or other forms
of superior achievement.

A new and integral part of the Rheumatology Milestones 2.0
is the supplemental guide. While not designed to indicate specific
requirements for each level, the guide provides the intent of each
milestone and illustrates specific examples of fellow actions at
each performance level during the course of training (Table 3).
These examples are intended to help calibrate the CCC’s ability
to assess specific professional behaviors. Suggested assess-
ment models and tools for each subcompetency and additional
references from the literature are included (Table 3 and Supple-
mentary Appendix B, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24507/
abstract).

Public comment fostered interaction with other program
directors as one of the guiding principles. Overall, up to 90% of
respondents agreed with the proposed milestones and supple-
mental guide. A number of comments on specific subcompeten-
cies were generated. Regarding scholarship (subcompetency
MK3), some respondents endorsed more robust evidence for
attainment of this milestone; in contrast, others believed that an
abstract submission (level 4 example in the supplemental guide)
was an unattainable goal. The milestones language for scholar-
ship (MK3) was left unchanged as the wording was deemed gen-
eral enough to be realistically attainable by all fellows in training,
acknowledging that abstract submission provides an example of
scholarship without being a requirement. The PC subcompetency
on history-taking (PC1) for a proficient (level 4) fellow generated
comments stating that the emphasis on patient-reported out-
comes was not justifiable. Subsequently, the milestones language
was changed to “disease activity measures,” and the corre-
sponding example in the guide was removed. Approximately
75% of those providing public comment agreed or strongly
agreed with including musculoskeletal ultrasound within the pro-
cedures subcompetency (PC5). Concerns, however, were raised
by some that programs may lack the ability and resources to
teach ultrasound. However, the milestones language was
retained, as it was considered that rheumatology fellows could
meet level 3 (competence) or 4 (proficiency) by the ability to iden-
tify basic musculoskeletal ultrasound findings and distinguish the
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role of ultrasound in rheumatic disease management. The skill of
performing an actual ultrasound joint examination is not requisite
for demonstrating competency. Some respondents suggested
incorporating language from examples in the supplemental guide

into the Milestones document. However, in an effort to maintain
simplicity of language, movement of more cumbersome explana-
tions from the supplement to the Milestones document was not
performed.

Figure 2. Sample Rheumatology Milestones 2.0 milestone levels and subcompetencies.

Table 3. Sample supplemental guide material for Rheumatology Milestones 2.0*

Milestones Examples

Level 1
Acquires a basic rheumatic history In a patient referred for knee pain, inquires about symptoms of the back,

hips, contralateral knee, ankles/feet
Reviews available medical records Reads available notes from the referring provider and any documentation

completed by the patient before visit, confirming information with the
patient and correcting discrepancies

Level 2
Integrates a rheumatic history with a comprehensive medical
history, including functional aspects

Recognizes the diagnostic importance of long-standing gastroesophageal
reflux disease and new exertional dyspnea in a patient referred for
symptoms consistent with Raynaud’s phenomenon

Identifies relevant findings in the medical record During hospital consultation, extracts pertinent historical information
from all primary and consultative notes and reviews their accuracy with
the patient

Level 3
Acquires a tailored comprehensive rheumatic history, including
historical subtleties and psychosocial aspects

In a patient taking hydroxychloroquine, reviews records to determine
whether the screening ocular examination included optical coherence
tomography testing

Independently requests additional information to supplement
available medical records

Contacts the referral laboratory at an outside institution to request
antineutrophil cytoplasmic antibodies test results that were pending at
the time of hospital discharge

Level 4
Integrates the current patient history with the complete medical
record, supplemental information, and disease activity
measures

Acquires a comprehensive history on a patient with systemic lupus
erythematosus and depression that addresses potential disease-,
pharmacologic-, and psychosocial-related causes and their effect on
home and work life

Level 5
Identified as a role model in interpreting subtleties and resolving
ambiguities in the patient history

Recommended for an evaluator position in a medical student OSCE
station assessing the ability to acquire a focused patient history

Assessment models or tools Direct observation; faculty evaluations; medical record (chart) audit;
multisource feedback; rheumatology OSCE simulation

Notes or resources Textbooks; ACR website (new patient history form); ACR return patient
update history form; ACR website (disease activity and functional status
measures that include patient-reported outcomes [e.g., RAPID3]);
guidelines for the initial evaluation of the adult patient with acute
musculoskeletal symptoms; ACR Ad Hoc Committee on Clinical
Guidelines

* Patient care 1 (fellow gathers an essential and accurate patient history) and overall intent (fellow gathers an essential and accurate patient
history as relates to a comprehensive evaluation of rheumatic conditions). ACR = American College of Rheumatology; OSCE = objective struc-
tured clinical examination; RAPID3 = Routine Assessment of Patient Index Data 3.
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DISCUSSION

This report describes the processes by which the Rheuma-
tology Milestones 2.0 and supplemental guide were created and
the value that specialty-specific milestones can bring to rheuma-
tology fellowship training both during the training period and in
establishing readiness to enter practice. It provides perspective
on the role of CBME in rheumatology fellowship training. The
development process met the guiding principles as established
by the ACGME for developing the Rheumatology Milestones 2.0,
including the need for diversity in working groups, providing sim-
plified language, engaging with the community and public, and
provision of resources and tools.

Concerns by educators that the IM subspecialty reporting
milestones are too “cumbersome,” “onerous,” and are making
the “accreditation process too complex” were acknowledged.
Some posit that their use may neither improve the skills of trainees
or the abilities of educators to provide feedback nor have an effect
on improved patient outcomes (28). With this in mind, we focus
our discussion of the Rheumatology Reporting Milestones on
3 questions to summarize the value and utility of this assessment
tool in rheumatology training programs.

Why use milestones? Milestones reflect the evolution toward
a learner-centered approach to training, a CBME approach that is
better aligned with adult learning theory. Adult learning theory is
anchored in self-direction of learning, autonomy, problem-
centered learning, and the cumulative nature of knowledge, life
experiences, and goals and objectives (29–32). The learner main-
tains an active role as a contributor to the educational process.
The Rheumatology Milestones 2.0 are intended to improve medi-
cal education in a learner-centered manner by highlighting know-
ledge application toward tangible outcomes. One example would
be the development of leadership and communication skills as an
appreciable outcome (encompassing ICS, PC, SBP, and PROF
milestones) necessary to conduct an interdisciplinary care meet-
ing for a hospitalized patient with lupus nephritis. The Rheumatol-
ogy Milestones 2.0 provide one mechanism by which both fellows
and the training program can be held accountable for each fel-
low’s progress by utilizing metrics on a trajectory toward higher
levels of professional development (11–13).

Prior to the use of the Milestones for training programs in the
US, other countries, such as Scotland, the UK, and Canada, had
implemented CBME programs for undergraduate and postgradu-
ate medical education (33–36). Thus, the ACGME’s efforts are
aligned with other nations and organizations and reflect an increas-
ingly widespread recognition of the importance and value of CBME.

How are the Rheumatology Milestones 2.0 an improvement
over IM subspecialty reporting milestones? Rheumatology Mile-
stones 2.0 demonstrates substantial differences from the IM sub-
specialty reporting milestones with respect to content, specificity,
and supplemental information (Table 2). The construct validity of
the latter was problematic, as these were not specific to a spe-
cialty and resulted in all medicine subspecialty fellows being

evaluated using the same set of parameters without accounting
for the unique knowledge and skills differentiating each field (37).
Feedback from rheumatology educators and clinicians, particu-
larly those with real-world experience in using the IM subspecialty
reporting milestones, was sought to correct shortcomings of the
initial milestones version. By providing more rheumatology-
specific context to describe the expectations and attributes
needed to achieve the knowledge, attitudes, and skills for inde-
pendent practice, there is a greater likelihood that fellow assess-
ments will be distributed more widely across levels (25). This
includes removing the critical deficiency descriptor at level 1, as
fellows are not often identified as having critical deficiencies,
although they may clearly benefit from further skill set develop-
ment. Thus, in lieu of identifying a fellow at level 1 as having critical
deficiencies, the term “novice” as a positive-language descriptor
was introduced with specific metrics outlined to help the fellow
progress to the next levels of accomplishment (Figure 2).

The harmonized milestones (ICS, PROF, SBP, PBLI) com-
plement the more rheumatology-specific milestones for PC and
MK subcompetencies. These harmonized milestones typically
involve interactions with providers from other specialties as well
as the health care system as a whole. It is justifiably appropriate
to have harmonized milestones that unify, interconnect, and cap-
ture aspirations across the spectrum of specialties and educators
for their respective trainees, thus promoting a shared model of
assessment (20,22,38–40).

The supplemental guide is a new and innovative feature avail-
able to training programs to elaborate on Milestone terminology
and concepts. This guide provides program directors and CCCs
a shared mental model for the contextual applicability of the use
of the milestones. It has specific examples by which to frame the
thinking of evaluators and anchors for identifying examples of per-
formance in educational activities, and it offers additional
resources helpful in the assessment and evaluation of our
trainees.

Do milestones provide value to training? Despite its limita-
tions, the IM subspecialty reporting milestones have been found
to be useful in both the formative and summative assessment of
trainees (41). Milestones may result in improvements in faculty
evaluations and feedback, both as judged by trainees and pro-
gram directors, and the consistency and relevance of feedback
is also essential to the professional development of trainees (42).
With use of the reporting milestones, longitudinal consistency in
faculty ratings of trainees has been noted; CCCs have also
become increasingly adept at assigning lower ratings (43). The
milestones have been useful for identifying and communicating
specific areas that may need remediation in individual trainees
(44). When a trainee demonstrates, for example, novice (level 1)
attributes in a subcompetency, the specificity of milestones lan-
guage offers the opportunity for both the trainee and faculty to
identify needed areas of growth and specific actions necessary
to achieve higher levels of competence. Milestones permit the
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delineation of areas of particular strength for a trainee, providing
reinforcement of positive behaviors, fostering confidence and
role-modeling opportunities. Altogether, the milestones have pro-
moted increased trust by CCCs in their evaluation process and
enhanced the quality of feedback provided to trainees. This allows
trainees to focus on specific areas of weakness to improve perfor-
mance as they pursue readiness for unsupervised practice (43).

Rheumatology Milestones 2.0 has a planned launch and
implementation date of July 2021. While durability over a 10-year
time period was envisioned, a dynamic medical practice and edu-
cation landscape warrant flexibility. For example, the rapid inte-
gration of telemedicine into daily practice during the COVID-19
crisis acknowledges the need to address unexpected changes
in our training landscape. Similarly, the use of rheumatologic
ultrasound over the past decade with the establishment of an
ACR-approved musculoskeletal ultrasound curriculum, stan-
dards for use of ultrasound, incorporation of ultrasound-based
classification criteria for certain conditions, professional certifica-
tion, and the incorporation of ultrasound teaching in at least 94%
of adult rheumatology fellowship programs warrant adjustments
to fellowship training and assessment (45–46). Such examples
underlie one of the tenets of CBME that requires it to respond to
changes in medical practice, thus necessitating regular review
and possible modifications of the milestones to reflect current
training and clinical practice.

During the initial implementation of the IM subspecialty
reporting milestones, the ACGME noted that “faculty are insuffi-
ciently prepared for this task across both the traditional compe-
tencies of medical knowledge, clinical skills, and professionalism
and the newer competencies of evidence-based practice, quality
improvement, interdisciplinary teamwork, and systems” (47).
Faculty development is thus a vital component to the successful
implementation of Rheumatology Milestones 2.0. To optimally
operationalize the milestones, faculty should be trained in the con-
duct of formative and summative assessments (41,47–50). The
supplemental guide provides a practical contextual resource to
facilitate faculty education and engagement. Although not neces-
sary, a fellowship training program could create an individualized
supplemental guide with institution-specific examples and
assessment tools, tying in with its own curricular components.

There are limitations to this study. First, it remains to be seen
that the Rheumatology Milestones 2.0 will necessarily improve
outcomes with regard to ease of use for faculty, nor is there evi-
dence that these new milestones will result in a higher quality of
training and improvements in patient outcomes. These concerns
warrant further study including surveys of faculty and fellows with
regard to user-friendliness and applicability of the milestones and
determining whether the milestones are able to discriminate fel-
lows more accurately. Second, the milestones development pro-
cess is highly influenced by subjective opinions and experiences
of the working group members. It is plausible that a different set
of members would have generated different content. However,

such is the nature of consensus-driven approaches, and efforts
to recruit a diverse group of members with real-world education
and clinical experience in the hopes of obtaining balanced opin-
ions were made. Additional guidance by working group members
and ACGME professionals versed in the science of education and
with strong insight into adoption of CBME was also provided.

In conclusion, overall, the advantages of Rheumatology Mile-
stones 2.0 and its supplemental guide as compared to the IM
subspecialty reporting milestones relate to the content, subspeci-
alty relevance, and improved framework for describing skills
acquisition on the path of learning from novice to expert. The utili-
zation of harmonized milestones provides a foundational basis
that unifies physicians across specialties. The Rheumatology
Milestones 2.0 is aligned with CBME and aims to foster active
participation by rheumatology fellows in their professional devel-
opment in their preparation for readiness for practice. It will be
important to determine if this new model results in enhanced
assessments and learner outcomes, as well as better discrimina-
tion of fellow achievement over time.
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Reproducibility of the Six-Minute Walk Test in Children
and Youth With Juvenile Idiopathic Arthritis

Lesley Pritchard,1 Olaf Verschuren,2 Michelle Roy,3 Cara Kaup,3 and Dax G. Rumsey4

Objective. While the 6-minute walk test is increasingly being used in research to evaluate submaximal exercise
capacity of children with juvenile idiopathic arthritis (JIA), psychometric properties with this population have not been
well evaluated. We undertook this study to evaluate reproducibility (agreement and test–retest reliability) and to deter-
mine standard error of measurement (SEM) and smallest detectable difference (SDD) in children and youth with JIA.

Methods. Participants (n = 22, mean � SD age 13.1 � 1.1 years, 63.6% female) completed a 6-minute walk test as
part of their routine clinical assessment, and then repeated the 6-minute walk test at mean � SD 8 � 1.2 days later, in
the same clinical setting with the same rater.

Results. The intraclass correlation coefficient (95% confidence interval) was 0.86 (0.66–0.94); the SEM and SDD
were 23.5 and 65.1 meters, respectively.

Conclusion. These results provide evidence of good–excellent reproducibility of the 6-minute walk test with
children and youth with JIA and support the use of the 6-minute walk test as a measure of submaximal exercise capac-
ity in clinical practice and research.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a group of inflammatory dis-

orders characterized by arthritis that causes pain, swelling, and

stiffness, affecting joint mobility and functional activities of daily life

(1). Prevalence estimates are variable, ranging from 0.07 to 4 cases

per 1,000 children internationally (2). Optimal treatment for JIA

requires a balance between minimizing inflammation and limiting

exposure to potentially harmful immunosuppressive medications,

which are routinely used clinically (3). Overmedicating can lead to

significant side effects, including nausea and vomiting, increased

risk of infection, and transaminitis (4). Monitoring disease activity is

therefore imperative for effective management. While pharmaco-

logic interventions, particularly the introduction of biologic disease-

modifying antirheumatic drugs, have improved disease status and

functional outcomes considerably (5), many children with JIA expe-

rience chronic disease characterized by periods of remission and

flares that continue into their adult years (6).
Children with JIA are known to be less physically active than

their peers without JIA (7–9), and even children with mild

involvement may exhibit decreased exercise capacity and

delayed development of complex motor skills that can lead to

lower likelihood of sports participation and decreased quality of

life (10,11). Children with JIA may benefit from exercise testing

and training during periods of remission (12) in order to decrease

inflammation (13) and improve aerobic capacity, muscle strength,

and functional abilities (14). While more research on the effects of

exercise for children with JIA is needed (15), there is some evi-

dence to support effectiveness of physical activity interventions

(16), and these interventions are increasingly being implemented

in clinical practice.
The 6-minute walk test is a commonly used objective mea-

sure of functional walking capacity that is easy to administer and

feasible to employ in clinical settings (17). Originally used with

adults with cardiorespiratory conditions (17), this test has been

used in other populations who present with decreased cardiovas-

cular fitness and physical impairments such as children with cere-

bral palsy (18). The 6-minute walk test is a standardized approach

to measuring the distance an individual can walk in 6 minutes on a

hard, flat surface. Physiologic response to the 6-minute walk test

Supported by the Glenrose Rehabilitation Hospital Foundation.
Dr. Pritchard’s work was supported by the Canadian Child Health Clinician
Scientist Training Program, Alberta PolicyWise for Children and Families,
and the Women and Children’s Health Research Institute, through the sup-
port of the Stollery Children’s Hospital Foundation.

1Lesley Pritchard PT, PhD: Faculty of Rehabilitation Medicine, University of
Alberta, Edmonton, Alberta, Canada; 2Olaf Verschuren, PT, PhD: Utrecht Brain
Center and Center of Excellence for Rehabilitation Medicine, Utrecht
University, Utrecht, The Netherlands; 3Michelle Roy, BScPT, Cara Kaup, BScPT:

Glenrose Rehabilitation Hospital, Edmonton, Alberta, Canada; 4Dax
G. Rumsey, MD, MSc, FRCP(C): Glenrose Rehabilitation Hospital and Univer-
sity of Alberta, Edmonton, Alberta, Canada.

No potential conflicts of interest relevant to this article were
reported.

Address correspondence to Lesley Pritchard, PT, PhD, 3-60 Corbett Hall, 8205
114 Street, Edmonton, Alberta, Canada, T6G 2G4. Email: lwiart@ualberta.ca.

Submitted for publication April 15, 2020; accepted in revised form
October 20, 2020.

686

Arthritis Care & Research
Vol. 74, No. 4, April 2022, pp 686–690
DOI 10.1002/acr.24492
© 2020 American College of Rheumatology

https://orcid.org/0000-0002-6684-376X
https://orcid.org/0000-0002-9211-4640
mailto:lwiart@ualberta.ca
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24492&domain=pdf&date_stamp=2022-03-07


is equivalent to submaximal, intense exercise (19), suggesting

that it might be useful as a clinical tool for measuring and monitor-

ing functional, submaximal exercise capacity. Although the

6-minute walk test has been used in some studies with children

with JIA (19,20), psychometric properties of the test in this popu-

lation have not been adequately evaluated. Evaluations with spe-

cific patient populations are recommended since psychometric

properties of the test when used with children with chronic

medical conditions and disabilities are variable (21).
Reproducibility includes both reliability and agreement (22).

Evaluation of agreement provides information about how close
more than one measurement with the same individual is, while
test–retest reliability provides information about the magnitude of
measurement error within that individual (23). Standard error of
measurement (SEM) and smallest detectable difference (SDD) fur-
ther inform the use of measurement tools in clinical practice as
they are precision estimates; SEM provides information about
how repeated measurements on a particular measurement tool
are distributed around a “true” score and SDD is the smallest sta-
tistically detectable change. Tests with high test–retest reliability
and low measurement error will have small 95% confidence inter-
vals (95% CIs; high agreement) and small SDDs. The objective of
this study was to evaluate reproducibility (agreement and reliabil-
ity), SEM, and SDD of the 6-minute walk test in children with JIA
ages 6–18 years.

PATIENTS AND METHODS

Participant recruitment. Children and youth ages
6–18 years, diagnosed with JIA, who were followed by the
pediatric rheumatology clinic at the Glenrose Rehabilitation
Hospital in Edmonton, Alberta, Canada were invited to partici-
pate. Children were excluded if they had active and/or chronic
lower extremity arthritis (i.e., swollen joint[s] and/or actively
painful, decreased joint mobility) that precluded them from
walking at their maximal pace for 6 minutes. Therefore, some
children with active arthritis or chronic joint changes who
were able to walk for 6 minutes participated. This study was
approved by the Health Research Ethics Board at the University
of Alberta (ID Pro00061268). All parents and participants pro-
vided signed, informed consent and assent forms. A small

token of appreciation (in the form of a gift card) was given to
each participant.

Data collection. Participants completed a 6-minute walk
test as part of their routine clinical assessment and were asked
to return 7 days later to repeat the test. Participants were
instructed that the purpose of the test was to walk as far as pos-
sible in 6 minutes; they were instructed to walk as fast as they
could without running, hopping, jumping, or skipping. They were
provided encouragement at each minute mark. Each pair of
6-minute walk tests was administered by 1 of 3 rehabilitation pro-
gram assistants who had between 1 and 4 years of experience
with 6-minute walk test administration using a modified version
of the standardized protocol developed by the American Thoracic
Society (17). Oxygen saturation, pulse rate, blood pressure, dys-
pnea, and overall fatigue were not assessed, as those measures
were not as relevant for our patient population. The tests were
conducted in a quiet hallway of the hospital using a marked
30-meter track. Laps were recorded, and the distance of the last
partial lap (measured to the forward foot) was recorded in meters.
Participant diagnosis, the presence or absence of active joint
involvement, height, and weight were extracted from clinical
records at the first assessment.

Statistical analyses. Proportions, means, and SDs were
calculated for descriptive data. Normality of the data was
assessed with quantile–quantile (Q–Q) plots and Shapiro-Wilk
tests. Reliability was evaluated with an intraclass correlation coef-
ficient (ICC) (3,1; two-way mixed-effects model using absolute
agreement; the raters were considered to be fixed effects) and
95% CI, calculated using SPSS software, version 26 (IBM) (24).

SIGNIFICANCE & INNOVATIONS
• The 6-minute walk test is increasingly being used

for evaluation of functional exercise capacity of chil-
dren and youth with juvenile idiopathic arthritis in
clinical practice and research.

• We demonstrate that the 6-minute walk test has
good to excellent reproducibility in this population
and provide some guidance for use.

Table 1. Characteristics of the participants (n = 22)*

Characteristic Value

Age, mean � SD years (range) 13.1 � 1.1 (7.1–17.3)
Sex
Male 8 (36.4)
Female 14 (63.6)

JIA category
Oligoarthritis 8 (36.4)
Polyarthritis (RF negative) 6 (27.3)
ERA 7 (31.8)
Psoriatic arthritis 1 (4.5)

Peripheral lower-extremity joint chronic changes
Yes 4 (18.1)
No 18 (81.8)

Peripheral lower-extremity joint active disease
Yes 8 (36.4)
No 14 (63.6)

Active disease SI joint
Yes 1 (4.5)
No 21 (95.5)

* Values are the number (percentage) unless indicated otherwise.
ERA = enthesitis-related arthritis; JIA = juvenile idiopathic arthritis;
RF = rheumatoid factor; SI = sacroiliac.
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The following cutoffs were used to interpret the ICC: <0.40 poor,
0.40–0.59 fair, 0.60–0.74 good, and 0.75–1.00 excellent (25).
For agreement, the SEM was used to determine the precision of
the 6-minute walk test result. The SEM describes error in inter-
preting the test score of an individual as it is an estimate of the
“true” test performance using a reliability coefficient. The SEM
was computed using the following formula: SEM = SD ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1− ICCr

p
(ICCr = ICC reliability coefficient). The SDD of the total

score was computed as 1.96 ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2×SEM

p
(22), whereas 1.96 is

the Z score at 95% confidence. On an individual basis, it is impor-
tant to know when differences in test–retest are in excess of the
SDD since this scenario would highly compromise the clinical utility
of the test. A Bland-Altman plot (25) was used to evaluate hetero-
scedasticity (evidence of proportional bias) in the test–retest
scores. Proportional bias was further evaluated using regression
analysis (α = 0.05).

The sample size estimate of 22 was based on the approach
proposed by Walter et al (26) for determining adequate power
for intraclass correlations in reliability studies (α = 0.05,
power = 0.80, minimum acceptable ICC value 0.5, estimated
ICC 0.8; n = 1 rater on 2 occasions).

RESULTS

Twenty-two children participated in the study (Table 1). Tests
were conducted a mean � SD of 8 � 1.2 days apart (range 6–
10 days). There were no withdrawals from the study. Mean � SD
walking distance on the first test was 541.1 � 62.7 meters (range
356.7–645.3), compared to mean � SD 548.3 � 70.6 meters
(range 360.0–631.4) for the retest. The Shapiro-Wilk test indi-
cated non-normal distribution (Ptest1 = 0.025, Ptest2 = 0.010).
Visual examination of the Q–Q plots indicated a distribution that
approximated normal, and therefore we continued with the analy-
sis. The results of the ICC (3,1), SEM, and SDD calculations are
presented in Table 2. The 6-minute walk test demonstrated good
to excellent test–retest reliability. The Bland-Altman plot (Figure 1)
and the regression analysis (β = –0.175, P = 0.48) suggested a
lack of proportional bias and thus revealed no significant learning
effect between the first and second 6-minute walk test perfor-
mances. Two outliers were noted: these 2 children did not appear

to exert full effort during one of the test sessions as indicated in
the assessor notes.

DISCUSSION

This study demonstrated good to excellent reliability of the
6-minute walk test among children with JIA, supporting the use
of this test as a clinical research tool. The 6-minute walk test
may be useful for ongoing monitoring in clinical settings, particu-
larly for exercise counseling and observation of functional exercise
capacity over time. For clinicians, SEM and SDD are likely of
greater interest than ICCs since they provide information about
the range of scores in which the true score is likely to exist. To
determine the range in which a person’s “true score” could be
expected to lie, the calculated SDD can be used. Based on the
results of this study, clinicians and researchers can be confident
that an increase (or decrease) of 65.1 meters for the 6-minute
walk test can be attributed to real change and not measurement
error. The ICC reported in this study is similar to those reported
for other pediatric populations including ICCs of r = 0.90 (children
with acquired brain injury [27]), r = 0.83 (for boys with Duchenne
muscular dystrophy [28]), and r = 0.85 (for children with cerebral
palsy [29]). In addition, while the SDD for the 6-minute walk test
is reported less frequently, the SDD, not unexpectedly, varies with
clinical population. For example, SDD has been reported as low
as 36 meters for children with spina bifida (30) and as high as
139 meters for children with cystic fibrosis (31).

Additional exploration of validity of the 6-minute walk test
with children and youth with JIA is needed to support the use of
the tool as a measure of functional exercise capacity. Lelieveld
et al (32) reported that the 6-minute walk test distance was more
indicative of joint status than aerobic capacity, highlighting that
multiple factors can contribute to 6-minute walk test results in
children with physical or motor disabilities, while Paap et al (19)

Table 2. Reproducibility of 6-minute walk tests (6MWT) in children
and youths with juvenile idiopathic arthritis*

Value

6MWT1, mean � SD meters 541.07 � 62.73
6MWT2, mean � SD meters 548.25 � 70.58
ICC (95% CI) 0.86 (0.66–0.94)
SEM (95% CI) meters 23.47 (15.37–36.57)
SDD (95% CI) meters 65.06 (42.60–101.37)

* 95% CI = 95% confidence interval; ICC = intraclass correlation coef-
ficient; SDD = smallest detectable difference; SEM = standard error
of measurement.

Figure 1. Bland-Altman plot evaluating heteroscedasticity (evi-
dence of proportional bias) in test–retest scores (n = 22 participants).
Solid line represents mean difference, broken lines indicate 95%
upper and lower limits, and circles indicate individual participants.
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reported 6-minute walk test distances in children with JIA aver-
aged 80–85% of peak heart rate and VO2 peak values. Therefore,
clinicians should be mindful that while the 6-minute walk test
is likely useful as a clinical measure of submaximal exercise
capacity, it does not discern between reduced aerobic capacity
and other limiting factors including acute and chronic joint
changes, muscle weakness, fatigue, and decreased cardiorespi-
ratory fitness (9). The same challenge is true with use among other
populations of children who may have reduced exercise capacity
as a result of physical impairments.

Additional aerobic testing such as the 20-meter shuttle run
test (33), or the treadmill or cycle ergometer fitness test (34) may
be needed to determine the contribution of aerobic fitness to
functional exercise capacity and to help guide exercise recom-
mendations. In addition, tests should align with the type of exer-
cise recommendations. That is, the 6-minute walk test may not
be an appropriate test to monitor progress during a cycling inter-
vention as physical impairments that affect walking and cycling
may differ.

Since our sample age ranged from 7 to 17 years (mean � SD
13 � 1.1 years), the results may not be generalizable to younger
children. More than one-third (36%) of the participants studied
had current active peripheral lower-extremity arthritis, which may
have interfered with their ability to perform the 6-minute walk test.
Therefore, they may have experienced limitations related to joint
status as opposed to aerobic capacity being the limiting factor.
However, it should be noted that if participants felt they could
not walk at their fastest pace due to joint symptoms, they were
excluded from participating in the study. Thus, the active lower-
extremity arthritis in this study was typically mild. Furthermore, it
is possible that the 6-minute walk test results may be partially
explained by unmeasured variables; mood, motivation, and com-
pliance of children, in particular, may be variable. We attempted to
account for certain behaviors by using standardized instructions
during all tests. The assessors did have access to the distance
of the previous assessment, which may have affected the encour-
agement they provided to the participants. Another possible limi-
tation was the lack of disease stability assessment at the time of
the second test. While it is unlikely that there were significant
changes in disease status in the short period of time between
assessments, we did not include a formal evaluation of stability.

The 6-minute walk test is a measure of submaximal func-
tional exercise capacity and has good to excellent repeatability in
clinical settings for children ages 7 to 17 years with JIA. Clinicians
can use the 6-minute walk test distances to measure individual
changes in functional exercise capacity over time. Routine moni-
toring may be especially useful for physical activity counseling,
and the SDD can be used clinically to assist clinicians with inter-
pretation of change scores. Caution should be used in interpret-
ing 6-minute walk test distances when a patient has active
lower-extremity disease, as the distance walked may not be a
representation of the patient’s true exercise capacity but rather a

reflection of their functional limitation resulting from active
disease. Thus, inclusion of other tests specifically targeting aerobic
capacity may be warranted.
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Core Set of Domains for Outcome Measures in Behçet’s
Syndrome

Gülen Hatemi,1 Alexa Meara,2 Yesim Özgüler,1 Haner Direskeneli,3 Alfred Mahr,4 Beverly Shea,5

Esen Cam,6 Ahmet Gul,7 Yusuf Yazici,8 Peter Tugwell,9 Hasan Yazici,10 and Peter A. Merkel,11 for the Outcome
Measures in Rheumatology Behçet’s Syndrome Working Group

Objective. An unmet need exists for reliable, validated, and widely-accepted outcomemeasures for randomized clin-
ical trials in Behçet’s syndrome. The Outcome Measures in Rheumatology (OMERACT) Behçet’s Syndrome Working
Group, a large, multidisciplinary group of experts in Behçet’s syndrome and patients with Behçet’s syndrome, had an
objective of developing a core set of data-driven outcome measures for use in all clinical trials of Behçet’s syndrome.

Methods. The core domain set was developed through a comprehensive, iterative, multistage project that included
a systematic review, a focus group meeting and qualitative patient interviews, a survey among experts in Behçet’s syn-
drome, a Delphi exercise involving both patients and physician experts in Behçet’s syndrome, and use of the data,
insight, and feedback generated by these processes to develop a final core domain set.

Results. All steps were completed and domains were delineated across the organ systems involved in this disease.
Since trials in Behçet’s syndrome often focus on specific manifestations and not on the disease in its entirety, the final
proposed core set includes 5 domains mandatory for study in all trials in Behçet’s syndrome (disease activity, new
organ involvement, quality of life, adverse events, and death) with additional subdomains mandatory for study of spe-
cific organ–systems. The final core set was endorsed at the 2018 OMERACT meeting.

Conclusion. The core set of domains in Behçet’s syndrome provides the foundation through which the interna-
tional research community, including clinical investigators, patients, the biopharmaceutical industry, and government
regulatory bodies can harmonize the study of this complex disease, compare findings across studies, and advance
development of effective therapies.

INTRODUCTION

Behçet’s syndrome is a multisystem, variable-vessel vasculi-

tis with a relapsing and remitting disease course with high morbid-

ity, depending on the organ system involved. It causes oral and

genital ulcers, erythema nodosum-like lesions and papulopustular

lesions, arthralgia or arthritis, posterior or panuveitis with retinal

vasculitis, arterial aneurysms, thrombosis in arteries and veins of

all sizes, parenchymal brain lesions, cerebral sinus thromboses,

and intestinal ulcers (1). Skin, mucosa, and musculoskeletal
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involvement can be associated with significant impairment in

quality of life when lesions are present without causing permanent

damage, whereas ocular, vascular, nervous, and gastrointestinal

system involvement can result in serious disability and may even

be life-threatening. Clinical findings show important heterogeneity

across patients, which makes trial design and disease assess-

ment complicated (2).
Each patient with Behçet’s syndrome has only some of the

disease manifestations over their lifetime and typically only a few
of the manifestations are active at the same time (1). This lack of
uniformity creates challenges in developing a therapeutic modality
for the entire disease. Due to these difficulties, clinical trials for
Behçet’s syndrome are usually designed to evaluate a single type
of system involvement. Conducting studies in populations of
patients with Behçet’s syndrome with heterogeneous manifesta-
tions using overall disease assessment instruments as primary
endpoints may not be the most optimal. Some manifestations
may improve while others worsen, so the change in overall dis-
ease activity scores may not be a reliable indicator of therapy effi-
cacy. This fact is especially important for trials with agents that
have shown differences in drug response across types of organ
involvement. Variation in the frequency and severity of relapses

of different organ manifestations is another challenge in overall
composite disease assessment in Behçet’s syndrome. Addition-
ally, the severity of relapses may vary, causing damage and dis-
ability in some patients and only a transient impairment of quality
of life in others. Finally, impairment of function due to damage
can be difficult to discern from active disease.

Although a number of trials have been conducted in Beh-
çet’s syndrome with different agents, disease assessment has
not been optimal. Standardized outcome measures that are
widely accepted and commonly used in Behçet’s syndrome trials
do not exist. This lack of standardization has been problematic in
the study of Behçet’s syndrome, with difficulty in comparing
results of randomized controlled trials with different agents or
results of studies from different centers, combining results of
studies with the same agent in meta-analyses, or combining data
sets for additional analyses (3,4). In summary, there are multiple
challenges due to the heterogeneity of the disease that impede
successful drug development.

These challenges led the Outcome Measures in Rheumatol-
ogy (OMERACT) Behçet’s Syndrome Working Group (Appendix
A) to work with a large multidisciplinary group of experts in Beh-
çet’s syndrome, most of whom are members of the International
Society for Behçet’s Disease, and patients with Behçet’s syn-
drome, to develop a core set of data-driven outcome measures
for use in all clinical trials. The first phase of this project that has
been completed and is described in this article is the core set of
domains for clinical trials in Behçet’s syndrome, which was
endorsed by OMERACT.

MATERIALS AND METHODS

The core set of domains was created following the method-
ology endorsed by OMERACT (5,6), with the final aim of develop-
ing a core set of outcome measures to be used in all clinical trials
in Behçet’s syndrome. This was an iterative, multistage, multiyear
project that involved a systematic review, a survey among
experts, an outcome measures focus group meeting including all
stakeholders, qualitative patient interviews, a Delphi exercise
involving both physician experts in Behçet’s syndrome from dif-
ferent specialties and countries and patients with Behçet’s syn-
drome, and ultimately endorsement through voting at the
OMERACT 2018 meeting. The study was approved by the Ethics
Review Committee of Istanbul University–Cerrahpasa Medical
Faculty (83045809/604.01).

Systematic review. A systematic literature review was
conducted to identify which domains were adopted as outcomes
and outcomemeasures in previous studies of Behçet’s syndrome
(7). All randomized controlled trials, nonrandomized clinical trials,
longitudinal or retrospective cohort studies, case series, bio-
marker studies, and genetic association studies that involved
patients with Behçet’s syndrome were included. The domains

SIGNIFICANCE & INNOVATIONS
• The heterogeneity in the outcomes and outcome

measures used in clinical trials of Behçet’s syn-
drome has made it difficult to compare results of
trials with different agents or from different cen-
ters, conduct meta-analyses, or create combined
data sets for additional analyses.

• The core set of domains for clinical trials in Behçet’s
syndrome has been developed by the Outcome
Measures in Rheumatology (OMERACT) Behçet’s
Syndrome Working Group with the aim of improv-
ing disease assessment in trials of Behçet’s syn-
drome by providing a critical framework for use of
outcome measures.

• The core set was developed through a multiyear,
data-driven, iterative process following the rigorous
standards of the OMERACT filter 2.0, resulting in
consensus among patients, physicians, and
researchers from several countries about what to
measure in clinical trials for Behçet’s syndrome.
The core set received strong endorsement by the
OMERACT community.

• An important innovation with this core set is that
instead of a single domain set for use in all trials,
there is a mandatory set of domains to be used in
all trials of Behçet’s syndrome and separate sets of
subdomains specific for each type of organ or sys-
tem involvement for use in trials seeking to specifi-
cally assess that type of involvement. This approach
may provide a model for outcomes assessment in
other multisystem diseases.
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and subdomains that were found in the included studies were
identified as candidate items for the Delphi exercise.

Interest group meeting. To start collaborative work with
a large group of experts in Behçet’s syndrome, an outcome mea-
sures special interest group meeting was held during the 16th
International Conference on Behçet’s Disease (8). Multiple stake-
holders were invited to this meeting. Participants included physi-
cians and/or researchers from all specialties who were experts in
the care of Behçet’s syndrome (rheumatologists, ophthalmolo-
gists, dermatologists, neurologists, gastroenterologists, and oral
health medicine specialists), patients with Behçet’s syndrome,
and physicians from the biopharmaceutical industry experienced
in designing trials for Behçet’s syndrome. The ideas and feed-
back generated during the meeting helped the group leaders bet-
ter understand the scope of the project and shape the next steps
in the project.

Survey among experts. An initial survey was conducted
among experts in Behçet’s syndrome who were rheumatologists,
dermatologists, ophthalmologists, gastroenterologists, internists,
or dentists from 13 countries to get their opinion on the domains
that needed to be addressed and the instruments that are used
to evaluate each of these domains in trials of Behçet’s syndrome
(2). An online tool (SurveyMonkey) was used to conduct the sur-
vey and collect responses. A total of 51 physicians were invited
by electronic mail and received up to 3 reminders. The survey
included 11 questions about the endpoints that are relevant for tri-
als in Behçet’s syndrome, the validity and reliability of the 4 overall
disease activity assessment instruments for Behçet’s syndrome
that were identified through the systematic review, the weight of
potential items to be assessed in trials of Behçet’s syndrome,
and whether organ-specific tools in addition to an overall disease
assessment instrument are necessary to evaluate disease activity
in Behçet’s syndrome.

Qualitative patient interviews. In-depth, semistruc-
tured individual patient interviews were conducted with
20 patients with Behçet’s syndrome from Turkey (15 men,
5 women, mean � SD age 35 � 6 years) (9). These patients were
selected to represent the heterogeneous disease spectrum of
Behçet’s syndrome, and patients had various types of organ
and system involvement. In addition to skin and mucosa lesions
(all), 10 had eye involvement, 8 had vascular involvement, 6 had
arthritis, 5 had nervous system involvement, 3 had gastrointesti-
nal involvement, and 2 had only skin and mucosa involvement.
Patients were interviewed about the impact of Behçet’s syn-
drome on their daily activities, physical function, social and family
life, psychological well-being, and coping strategies. Seven
conceptual components (disease onset, diagnostic experience,
treatment history, disease remission, disease flare, quality of life,
and mental health impact) were covered using 41 open-ended

questions. Interviews were audiorecorded, transcribed, trans-
lated into English, and entered into a qualitative data analysis
computer software package (NVivo 11). A grounded theory
approach was employed in thematic analysis of translated inter-
views (10,11). In addition to better understanding the patients’
perspective of Behçet’s syndrome, these interviews helped gen-
erate candidate domains and subdomains important to patients
that would be included in the Delphi exercise.

Delphi process. The candidate domains that were
retrieved through the systematic review, survey among experts
in Behçet’s syndrome, qualitative patient interviews, and the
focus group meeting among multiple stakeholder groups were
incorporated into a Delphi questionnaire. Item selection for the
questionnaire was influenced by the framework of OMERACT fil-
ter 2.0 and by input from the OMERACT community (5).

Since organ systems are often studied separately in
Behçet’s syndrome due to possible differences in treatment
response, the questionnaire was designed in 7 sections, based
on the trial question about what needs to be measured in: 1)
all trials of Behçet’s syndrome, 2) trials for mucocutaneous
involvement, 3) trials for eye involvement, 4) trials for vascular
involvement, 5) trials for central nervous system involvement,
6) trials for gastrointestinal involvement, and 7) trials for joint
involvement.

The questionnaire included an explanation on how the
domains in the first section would be assessed in all trials and
how in addition to these domains, in the sections on specific
organ systems, those domains will only be assessed in trials of
that organ or system involvement, according to the trial question.
Patients and physicians completed the same questionnaire. Med-
ical terms were explained for the patients. RedCap was used for
distribution of the questionnaires and collecting responses in the
2 Delphi rounds. The invitation to participate was sent to
130 patients and 123 physicians. The Turkish version for patients
was validated by forward and backward translation. Items that
were agreed on by at least 70% of either patients or physicians
at the end of the first round were included in the questionnaire
for the second round of the Delphi exercise.

All of the items were agreed to by at least 70% of the physi-
cians and/or the patients in the first round of the Delphi exercise.
Therefore, to decrease the number of domains and subdomains,
the participants were asked during the second round of the Del-
phi exercise to rank the domains that should be assessed in each
of the sections. The highest-ranked items in each section were
selected without weighting according to the number of patients
and experts that responded.

Due to the high level of agreement, running a third round of
the Delphi exercise using the same methods was not necessary.
However, a different approach was used due to the specific
expertise needed for some of the categories. Lists of the
highest-ranked items in the first section (overall disease) and the
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highest-ranked items in the section related to each specialty were
sent to experts of that specialty. A total of 37 physician experts in
Behçet’s syndrome were invited, the majority of whom had par-
ticipated in the first 2 rounds. The experts were asked for their
opinion on the mandatory domains that should be assessed in
all trials, mandatory domains that should be assessed in trials
concerning their specialty, the conditional domains that are
important, but not mandatory, and the exploratory domains that
could be assessed in specific trials. The responses were dis-
cussed among the OMERACT Behçet’s Syndrome Working
Group, and the core set of domains for clinical trials in Behçet’s
syndrome was created. Presentation and voting of the core set
took place during the OMERACT 2018 meeting. Both physicians
and patients participated in the voting.

RESULTS

Results of the systematic review. The following steps
were completed and the core set of domains was developed,
voted upon, and endorsed by the OMERACT community, begin-
ning with the results of the systematic review, which were previ-
ously published in detail (7). This review explored both the
domains of illness studied in Behçet’s syndrome and the instru-
ments used in research in Behçet’s syndrome. The instruments
chosen for use and emphasis provided insight into the domains
of illness felt to be of primary importance to investigators. The sys-
tematic review revealed that 139 outcomes or outcomemeasures
were reported on in a total of 249 articles. Some of these instru-
ments were specifically developed for Behçet’s syndrome, such
as the Behçet’s Disease Current Activity Form (12), the Behçet’s
Syndrome Activity Scale (13), and the Behçet’s Disease Quality
of Life Measure (14). Other instruments were non-disease-specific
(generic), such as the Short Form 36 health questionnaire, which
are frequently used in other rheumatic and nonrheumatic diseases,
but were also used in Behçet’s syndrome trials. The third group of
instruments were single-organ measures developed for other dis-
eases that share similar features with Behçet’s syndrome, such as
the Crohn’s Disease Activity Index that was used in trials of intestinal
involvement of Behçet’s syndrome (15). However, some of these
instruments in the last group have not been validated for use in
Behçet’s syndrome.

Thus, the systematic review showed that substantial variabil-
ity occurred in the domains studied and the outcome measures
used for assessing these domains. Despite the large number of
outcome measures used in trials of Behçet’s syndrome, at the
time the trial was conducted, few were properly validated or
widely used. The use of different outcome measures within any
1 domain, such as disease activity, makes it impossible to com-
pare or bring together the results of clinical trials. In addition, no
standard definition for disease states exists, such as for relapse
or remission, or for other key concepts, such as response.

Results from the interest group meeting. Results of
the systematic review were presented to the participants of the
expert group, and a thorough discussion regarding the difficulties
of disease assessment was held. The heterogeneity in the
clinical presentations of Behçet’s syndrome, differences in drug
response across manifestations, difficulty in defining disease
states such as relapse or remission, difficulty in separating dis-
ease activity from damage, and the inadequacy and lack of instru-
ments to assess outcomes important to patients were the main
challenges. Paper cases with different clinical manifestations were
presented, and what to measure in these clinical scenarios was
discussed, as were the shortcomings of the available outcome
measure instruments. Suggestions were made on how to
develop better instruments. Participants generally agreed that
generic instruments or instruments developed for other diseases
could be used as long as they were validated. The group agreed
that collaborative work of all stakeholders, including patients with
Behçet’s syndrome, physicians, researchers from all specialties
taking care of patients with Behçet’s syndrome, and representa-
tives from the biopharmaceutical industry, is needed to accom-
plish the development of a broadly acceptable, data-driven core
set of outcome measures for Behçet’s syndrome.

Results of the survey among experts. A total of
51 experts from different specialties were invited and 35 (69%)
responded. The results of this survey were previously reported in
detail (2). In summary, the levels of agreement among experts
about which domains should be measured in clinical trials of Beh-
çet’s syndrome were as follows: disease activity (100% agree-
ment), health-related quality of life (97%), physical function
(83%), mortality (74%), disease-related damage (71%), disease
severity (66%), fatigue (46%), and overall damage (45%). Experts
were also asked whether they agreed that the 4 most commonly
used disease activity assessment instruments are valid and reli-
able, with the following levels of agreement: Behçet’s Disease
Activity Index (46% agreement), the Behçet’s Syndrome Activity
Scale (43%), the Clinical Manifestations Index (22%), and the
Iranian Behçet’s Disease Dynamic Activity Measure (22%).

When experts were asked about the necessity of a new
instrument for assessing overall disease activity, 89% agreed that
such an instrument is necessary and 97% agreed that this
instrument should include different weighted elements for
each clinical manifestation, such as oral ulcers, genital ulcers,
other skin lesions, arthritis, uveitis, vascular disease, nervous sys-
tem lesions, or gastrointestinal lesions. The experts were also
asked about the necessity of organ-specific instruments, with
the following results by organ system: uveitis activity (92% agree-
ment), neurologic activity (82%), vascular activity (73%), oral ulcer
activity (73%), gastrointestinal activity (70%), genital ulcer activity
(59%), and other cutaneous (papulopustular and nodular lesions)
activity (50%).
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Table 1. Physicians’ and patients’ rank order of importance of domains and subdomains for inclusion in clinical trials for each category of
disease manifestation for Behçet’s syndrome*

Physicians Patients Physicians and patients†

Overall
Overall BeS disease activity Overall BS disease severity Overall BeS disease activity
Flare of existing organ involvement Damage Flare of existing organ involvement
New organ involvement New organ involvement Overall BeS disease severity
Overall BS disease severity Flare of existing organ involvement New organ involvement
Overall function Overall BeS disease activity Overall function
Physician global assessment of BeS Quality of life Damage
Patient global assessment of BeS Overall function, Quality of life
Quality of life Psychological well-being Patient global assessment of BeS
Damage Patient global assessment of BeS Physician global assessment of BeS
Acute phase response Fatigue Psychological well-being
Fatigue Acute phase response Fatigue
Psychological well-being Physician global assessment of BeS Acute phase response

Skin and mucosa involvement
Mucocutaneous activity Pain of oral ulcers Mucocutaneous activity
Mucocutaneous severity Mucocutaneous activity Pain of oral ulcers
Number of oral ulcers Number of oral ulcers Number of oral ulcers
Pain of oral ulcers Pain of genital ulcers Mucocutaneous severity
Number of genital ulcers Mucocutaneous severity Pain of genital ulcers
Pain of genital ulcers Pain of nodular lesions Number of genital ulcers
Mucocutaneous function Number of genital ulcers Mucocutaneous function
Number of nodular lesions Mucocutaneous function Pain of nodular lesions
Pain of nodular lesions Number of papulopustular lesions Number of nodular lesions
Number of papulopustular lesions Number of nodular lesions Number of papulopustular lesions

Joint involvement
Joint involvement activity Joint involvement severity Joint involvement activity
Swollen joint count Pain Joint involvement severity
Tender joint count Joint involvement activity Swollen joint count
Joint involvement severity Tender joint count Tender joint count
Pain Swollen joint count Pain

Eye involvement
Ocular involvement activity Ocular involvement severity Ocular involvement activity
Visual acuity Visual acuity Visual acuity
Ocular involvement severity Ocular involvement activity Ocular involvement severity
Retinal vasculitis Retinal vasculitis Retinal vasculitis
Number of ocular attacks Retinal infiltrates Number of ocular attacks
Retinal infiltrates Capillary leak Retinal infiltrates
Cystoid macular edema Number of ocular attacks Cystoid macular edema
Glucocorticoid cessation/tapering Cystoid macular edema Capillary leak
Capillary leak Glucocorticoid cessation/tapering Glucocorticoid cessation/tapering

Vascular involvement
New/extending venous thrombus New arterial aneurysm New arterial aneurysm
New arterial thrombus New arterial thrombus New/extending venous thrombus
New arterial aneurysm New/extending venous thrombus New arterial thrombus
Superficial thrombophlebitis Superficial thrombophlebitis Superficial thrombophlebitis

Central nervous system involvement
New/flare of existing involvement New/flare of existing involvement New/flare of existing involvement
Progression on MRI Progression on MRI Progression on MRI
Cognitive functioning Mood disorders Cognitive functioning
Headache Headache Headache
Mood disorders Cognitive functioning Mood disorders

Gastrointestinal involvement
Gastrointestinal activity Flare of existing involvement Gastrointestinal activity
Flare of existing involvement Gastrointestinal activity Flare of existing involvement
Abdominal pain Perforation/surgery Perforation/surgery
Perforation/surgery Diarrhea Abdominal pain
Diarrhea Hematochezia Diarrhea
Hematochezia Weight loss Hematochezia
Weight loss Hematemesis Weight loss
Hematemesis Abdominal pain Hematemesis
Nausea Nausea Nausea

* BeS = Behçet’s syndrome; MRI = magnetic resonance imaging.
† The order of the items in the third column was arrived at by combining the preferences of physicians and patients.
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Results of qualitative patient interviews. The results
of the semistructured qualitative patient interviews have been
reported in detail elsewhere (9). Several subdomains were identi-
fied through these interviews under the 4 main domains, which
were symptoms, impact on function, psychological impact, and
social impact. Skin problems, pain, vision problems, fatigue and
sleep disturbances, and gastrointestinal concerns and weight
loss were the most common subdomains within the symptom
domain. The impact on function could be grouped in the catego-
ries of impact on speech and vision, mobility, energy for tasks,
adaptations, and self care. Fear, anxiety, stress, depression, and
anger were the most frequently discussed emotions in the psy-
chological impact domain. A decreased ability to socialize and
negative impact on social duties, especially on family life and
work, were stressed in the social impact domain. These were
useful in identifying domains important to patients to be sought
for agreement during the Delphi exercise. The data collected

through these interviews may also help in developing a Behçet’s
syndrome–specific, patient-reported outcome measure.

Delphi exercise. Among the 130 patients and 123 physi-
cians who were invited to participate in the first round of the Delphi
exercise, 59 patients (45%) and 74 physicians (60%) participated
in round 1. Physicians were experts in Behçet’s syndrome from
different specialties in 21 countries over 3 continents, and most
were members of the International Society for Behçet’s Disease.
Eighty-six percent of the physicians were from academic institu-
tions. Their specialties were rheumatology (50%), dermatology
(16%), ophthalmology (12%), internal medicine (12%), gastroen-
terology (3%), and neurology (1%).

The majority of the patients were from Turkey, Italy, US, UK,
and France. The clinical manifestations experienced by the
patients during their disease course were oral ulcers in 96%, skin
lesions in 87%, genital ulcers in 76%, uveitis in 52%, vascular

Figure 1. Core set of domains for study in clinical trials of Behçet’s syndrome. CNS = central nervous system; GI = gastrointestinal.
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involvement in 44%, nervous system involvement in 32%, and
gastrointestinal involvement confirmed by endoscopy in 14%.

All of the 56 domains/subdomains that were sent during
round 1 were endorsed by physicians and/or patients. All of the
domains endorsed by physicians were also endorsed by patients.
Additionally, patients endorsed fatigue, sleep, sexual functioning,
psychological functioning, and acute phase reactants. To reduce
the number of domains and subdomains to a number that could
be feasibly assessed during a trial, the participants were asked
to rank the items in the second round of the Delphi exercise.
Results of the ranking by physicians and patients for overall
assessment and each type of organ involvement are shown in
Table 1.

To get a review and validation of the highest-ranked candidate
domains in each category, the domains were sent to experts from
the related specialty, together with the overall domains that would
be assessed in all trials. Thirty of the 37 experts responded. Among
these, 12 were rheumatologists, 5 were ophthalmologists, 5 were
dermatologists, 4 were neurologists, 3 were gastroenterologists,
and 1 was a vascular surgeon. Based on their responses and dis-
cussions among the OMERACT Behçet’s Syndrome Working
Group, the core set of domains was developed (Figure 1).

The core set consists of 5 domains that should be assessed
in all trials in Behçet’s syndrome (mandatory for all trials). These
domains are overall disease activity, new organ involvement, qual-
ity of life, adverse events, and death. In addition to these, there are
subdomains that should be assessed in trials for a specific organ
involvement (mandatory per subset), as follows: 1) mucocuta-
neus: number and pain of lesions; 2) eye: visual acuity, frequency
of ocular attacks, ocular severity, and vascular leakage; 3) vascu-
lar: vascular lesions, superficial thrombophlebitis, and post-
thrombotic syndrome; 4) central nervous system: central nervous
system lesion, cognitive function, and neurologic function; 5) gas-
trointestinal: clinical gastrointestinal activity and endoscopic activ-
ity; and 6) musculoskeletal: tender joint count and swollen joint
count. Important but optional subdomains could be assessed
according to the purpose of the trial (optional important domains);
these are mucocutaneous function and duration of lesions for
mucocutaneous involvement, ocular damage and cystoid macu-
lar edema for eye involvement, and recanalization for vascular
involvement. Finally, the research agenda contains domains and
subdomains, including overall function and overall damage for
potential use in all trials in Behçet’s syndrome, pain of arthritis
and enthesitis for musculoskeletal involvement, vascular quality
of life and inflammatory markers for vascular involvement, and
inflammatory markers for gastrointestinal involvement.

OMERACT voting. A total of 111 participants who attended
the OMERACT 2018 meeting voted. The core set was endorsed
by 100 of the voters (90.1%), a remarkably high percentage for
any vote at OMERACT, especially for a core set.

DISCUSSION

The development of a core set of domains for use in clinical
trials in Behçet’s syndrome was achieved using the methodology
set forth by OMERACT, and through a consensus of patients,
physicians, and researchers about what to measure in clinical tri-
als for Behçet’s syndrome. The final core set was the result of a
multiyear, data-driven, iterative process. The defined domains
provide a critical framework for use of outcome measures in Beh-
çet’s syndrome and as a guide for design of future trials in Beh-
çet’s syndrome. The domain core set will help reduce the
heterogeneity of trial designs in Behçet’s syndrome and harmo-
nize research in this complex disease.

This core set of domains includes an important difference
from core sets previously developed for most other diseases such
as rheumatoid arthritis or antineutrophil cytoplasmic antibody–
associated vasculitis (16,17). Instead of a single domain set for
use in all trials, there is a mandatory set of domains to be used in
all trials of Behçet’s syndrome and separate sets of subdomains
specific for each type of organ or system involvement for use in tri-
als seeking to specifically assess that type of involvement. This
novel approach to domain selection addresses 2 key issues: 1) a
need to generate outcomes data comparable across all trials of
Behçet’s syndrome; and 2) recognition that Behçet’s syndrome
affects many different organ systems that are often studied sepa-
rately and for which responses to treatments and the treatments
themselves may differ. Thus, the proposed core set provides a
practical framework for harmonizing clinical trial designs in this
multisystem disease.

A few examples of the variable disease courses, life impacts,
and approaches to treatment are illustrative of the challenges in
outcome assessment in Behçet’s syndrome. Mucocutaneous
lesions and joint involvement follow a relapsing and remitting
course, with symptoms that may impair the quality of life of
patients, but do not result in permanent physiologic damage. In
contrast, active involvement of the brain, eyes, gastrointestinal
tract, or vasculature each carries a risk of long-term damage,
organ failure, and in some cases, death. With varying timing,
severity, and impact of relapses, current treatment strategies are
often quite different for these types of involvement; thus, disease
assessment is often different. These variations in course and out-
comes in Behçet’s syndrome have led to the proposed set of
core domains for each main organ system. In addition to organ-
specific subdomains, having domains that should be assessed
in all trials is important, to avoid missing any new manifestations
or the potential impact of an agent in preventing or worsening of
those systems not the primary target of the clinical trial.

There were several strengths in the approach to developing
this core set of domains. The work followed each aspect and the
rigorous standards of the OMERACT filter 2.0 process. The per-
spectives of patients, physicians, investigators, and methodolo-
gists were all strongly taken into consideration, with international
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representation among each stakeholder group. Additional
strengths of the work were the inclusion of patients with each type
of organ system involvement in both the qualitative interviews and
the Delphi process, and the inclusion of experts from all relevant
specialties. Consensus and international buy-in was reached at
each stage, and the final core set was overwhelmingly endorsed
by the OMERACT community.

Some limitations of the project included those inherent in the
study of many relatively rare diseases, including potential overrep-
resentation by stakeholders from 1 or more regions and the rela-
tively small number of participants within each group; however,
the study involved participants frommultiple countries and several
continents.

The proposed approach to domain selection in Behçet’s
syndrome sets a new precedent within OMERACT and provides
a paradigm for similar work in other multisystem rheumatic dis-
eases, such as systemic lupus erythematosus and systemic scle-
rosis (scleroderma), and for diseases in other fields.

Developing this core set of domains for trials in Behçet’s syn-
drome is an important step in harmonizing clinical trials and data
collection in this complex disease, with the ultimate aim of
enhancing the conduct and comparability of new trials, leading
to better management and outcomes for patients with Behçet’s
syndrome.
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Sibel Zehra Aydin, Esen Cam, Aykut Ferhat Çelik, Haner Direskeneli, Tulin
Ergün, Sinem Nihal Esatoglu, Izzet Fresko, Ahmet Gul, Vedat Hamuryu-
dan, Gülen Hatemi, Ibrahim Hatemi, Zekayi Kutlubay, Virna Levi, Cem

Mat, Melike Melikoglu, Gonca Mumcu, Filiz Özdemir, Seza Özen, Yeşim
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