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Download the New ACR Publications Mobile App

The brand-new ACR Publications app can be downloaded for 
free from the Apple store or Google Play. ACR members can log 
in for full-text access to all articles in Arthritis Care & Research and 
Arthritis & Rheumatology. Nonmembers can access abstracts of 
all AC&R and A&R articles, the full text of articles published more 
than one year ago, and select open-access articles published 
recently, as well as the full text of all articles from ACR Open 
Rheumatology and The Rheumatologist.

ARP Membership 

The Association of Rheumatology Professionals (ARP), a division of 
the American College of Rheumatology, appreciates your continued 
membership and looks forward to serving you another year. Mem-
bership costs range from $30 to $140. ARP welcomes nurse practi-
tioners, nurses, physician assistants, office staff , researchers, physical 
therapists, occupational therapists, assistants, and students. Student 

membership is complimentary; the Annual Meeting registration fee 
is waived for students who submit the required student verification 
letter. For information, go to www.rheumatology.org and select 
“Membership” or call 404-633-3777 and ask for an ARP staff  member. 

New ACR Journal Twitter Account (@ACR_Journals) and Social 
Media Editor 

The ACR journals are heightening our focus on social media, 
to benefi t authors and readers. Among our fi rst activities is 
the introduction of an offi  cial ACR Journals Twitter account: @
ACR_Journals. Followers will enjoy special features and the op-
portunity to engage with authors and other fellow profession-
als about studies published in Arthritis Care & Research, Arthritis 
& Rheumatology, and ACR Open Rheumatology. Authors of pub-
lished articles will have the opportunity to use @ACR_Journals 
to share their work and engage in dialogue with others inter-
ested in the research. The journals welcome Dr. Paul Sufka of 
Minneapolis as our fi rst Social Media Editor.

http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24297&domain=pdf&date_stamp=2021-06-28
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E D I T O R I A L

Arthritis Care & Research: Celebrations and Opportunities
Kelli D. Allen,1  S. Sam Lim,2  and Todd A. Schwartz3

We are deeply honored to begin our service as editors of Arthritis 
Care & Research (AC&R), the official journal of the Association 
of Rheumatology Professionals (ARP) and an essential tool in 
the mission of the American College of Rheumatology (ACR) “to 
empower rheumatology professionals to excel in their specialty.” 
We each have a long history of involvement with the ACR/ARP, 
and these experiences have significantly influenced our profes-
sional lives. We are passionate about furthering the mission of the 
ACR/ARP, and we are particularly enthusiastic to contribute to the 
continued growth, reach, and impact of AC&R.

We would like to begin this editorial by celebrating AC&R and 
those whose work has allowed it to thrive. AC&R has been led by 
a series of outstanding editorial teams, most recently Drs. Mar-
ian Hannan and Leslie Crofford, along with their excellent team of 
Associate Editors (1), Managing Editor Maggie Parry, and Assistant 
Editor Margaret Graton. The knowledge, skills, and efforts of each 
of these individuals have truly been essential pieces in the success 
of the journal, and we give our sincere thanks. We extend special  
gratitude to Dr. Hannan, who for 10 years has led AC&R with 
excellence and devotion to the ACR/ARP. We thank her for being 
so generous and supportive during the transition.

As we embark on our AC&R editorial term, we are privileged 
to lead a journal that is incredibly strong and poised for future 
growth and innovation. AC&R has been on a growth trajectory 
for years, based on a range of metrics, including the number 

of subscribers and submissions, international representation, 
Impact Factor, and other measures of journal influence (2,3). 
However, the greatest strength of AC&R is the importance of 
its underlying mission: to promote excellence in the practice of 
rheumatology, through an interdisciplinary lens. This mission 
sets it apart from other journals in the field, guides article selec-
tion, creates themed issues and initiatives, and leads to real- 
world impacts. Pursuit of this mission will continue to drive the 
activities and success of AC&R.

As an editorial team, we are committed to the core activi-
ties that promote a growing and impactful journal. These include 
attracting and retaining authors and readers, seeking to publish 
the highest-quality studies within the journal’s scope, providing 
quality manuscript reviews, and promoting visibility of key study 
findings, particularly in the context of a changing media land-
scape. In addition, there are 3 specific areas of focus for our 
incoming editorial team that we believe are timely and closely 
aligned with the mission of the ACR/ARP. First, we will explore 
additional avenues for connecting with front- line rheumatology 
care and providers. This is already a strength of AC&R, and 
our multidisciplinary editorial team will consider ways in which 
we can further enhance the journal’s impact in the evidence-   
to- practice space, through manuscripts and other products.

Second, we will seek to publish and promote the use of 
emerging, innovative research methods in clinical rheumatology 

1Kelli D. Allen, PhD: University of North Carolina, Chapel Hill, and 
Department of Veterans Affairs Health Care System, Durham, North 
Carolina; 2S. Sam Lim, MD, MPH: Emory University, Atlanta, Georgia; 3Todd A. 
Schwartz, PhD: University of North Carolina, Chapel Hill.

No potential conflicts of interest relevant to this article were reported.

Address correspondence to  Kelli D. Allen, PhD, Thurston Arthritis 
Research Center, 3300 Thurston Bldg., CB# 7280, Chapel Hill, NC 27599. 
Email: kdallen@email.unc.edu.

Submitted for publication May 18, 2021; accepted in revised form May 
20, 2021.
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research. AC&R has an opportunity to showcase innovative statis-
tical and study design methodologies particularly applied to issues 
of clinical importance to readers. Our editorial team will pursue 
opportunities to highlight these methods, thereby contributing to 
both the research and educational missions of the ACR/ARP.

Third, our team has a strong interest in health disparities and 
equity, areas in which AC&R already has a strong track record. 
Given the importance of these topics globally, we will seek to pub-
lish a variety of publications that add meaningfully to this critical 
issue facing rheumatology and other health professions. AC&R is 
positioned to disseminate new findings and perspectives regard-
ing health disparities and equity from an international and multi-
disciplinary perspective, and our team will seek to maximize the 
journal’s impact and reach in this area.

In closing, we are grateful for the opportunity to work along-
side the incoming group of outstanding Associate Editors: Joshua 
Baker, MD, MSCE, Nancy Baker, ScD, MPH, OT, Cheryl C. M. 
Barnabe, MD, MSc, Bonnie Bermas, MD, Lorinda Chung, MD, 
MS, Maria I. Danila, MD, MPH, Robert F. DeVellis, PhD, Afton L. 
Hassett, PsyD, Puja P. Khanna, MD, MPH, Kanta Kumar, PhD, 

Crystal MacKay, PhD, MHSc, BScPT, Natalie McCormick, PhD, 
Kaleb Michaud, PhD, Eli Miloslavsky, MD, Michael H. Weisman, 
MD, Pamela F. Weiss, MD, MSCE, and Daniel K. White, PT, ScD, 
MSc. We would like to note that Drs. Bermas, DeVellis, Michaud, 
and White are continuing their service from the prior editorial team, 
providing continuity and relevant experience. These Associate 
Editors represent a variety of clinical and methodologic specialties, 
which is critical for achieving high quality manuscript reviews, as 
well as for overall leadership of the journal. Finally, we thank AC&R 
readers, authors, and reviewers for their continued to support. We 
look forward to working with this community to ensure the ongo-
ing success of AC&R.
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Evolution in the Understanding of Pediatric- Onset Axial 
Spondyloarthritis
Daniel J. Lovell  and Hermine I. Brunner

Over the last decade, there has been substantial evolution of 
the concept of axial spondyloarthritis (SpA) with the recognition 
of nonradiographic SpA in adult patients. Axial SpA is a chronic 
inflammatory rheumatic disease that primarily affects the axial 
skeleton, but patients with the illness also frequently demonstrate 
peripheral arthritis and enthesitis (1). In the US, the estimated 
prevalence of axial SpA is 0.9– 1.4% (2,3). In the current concept 
of this disease, axial SpA in adults includes both those with radio-
graphic evidence of structural damage of the sacroiliac (SI) joints 
or lumbar spine (ankylosing spondylitis [AS]) and those without 
radiographic damage of the SI joints or spine (nonradiographic 
SpA). The Assessment of Spondyloarthritis international Society 
(ASAS) developed classification criteria for nonradiographic SpA, 
for use in adults, that require either magnetic resonance imaging 
(MRI) evidence of SI inflammation or the presence of HLA– B27 
plus clinical features (4). Recently, treatment guidelines for both AS 
and nonradiographic SpA in adults have been developed. In 2015, 
a collaborative between the American College of Rheumatology, 
the Spondylitis Association of America, and the Spondyloarthritis 
Research and Treatment Network published treatment guidelines 
for both the AS and nonradiographic axial SpA groups. It is rec-
ommended, for both groups, to use nonsteroidal antiinflammatory 
drugs (NSAIDs) as well as anti– tumor necrosis factor (anti- TNF) 
inhibitors for active arthritis that fails to respond to NSAIDs (5).

Juvenile idiopathic arthritis (JIA) is the most common rheu-
matic disease in children. In the currently used diagnostic criteria 
from the International League of Associations for Rheumatology 
(ILAR), JIA is divided into 7 distinct categories (6). Enthesitis- related 
arthritis (ERA) is the category used to describe the pediatric- onset 
equivalent of SpA in adults. As per the ILAR criteria, a classifi-
cation of ERA requires the presence of arthritis plus enthesitis. 
Another classification of ERA requires arthritis or enthesitis and 

≥2 of the following: SI joint tenderness or inflammatory back pain, 
HLA– B27 positivity, first- degree relative with disease associated 
with HLA– B27, acute anterior uveitis, and arthritis in a male indi-
vidual older than 6 years (6). Thus, although the criteria for ERA do 
not require axial arthritis to always be present, many of the same 
clinical characteristics are considered in order to classify a child as 
having ERA as what is considered for the classification of nonradi-
ographic SpA, as proposed by the ASAS (4).

In a recent publication, ERA was present in approximately 
17% of all patients with JIA in 2 large JIA registries, including one 
from the Cincinnati Children’s Hospital Medical Center Rheuma-
tology Division and the other from the Childhood Arthritis and 
Rheumatology Research Alliance (CARRA) registry (7). It is known 
that axial arthritis can occur in another JIA subset (i.e., juvenile 
psoriatic arthritis [PsA]), but the clinical phenotype of this JIA cat-
egory is very heterogeneous (8). The US Food and Drug Adminis-
tration (FDA) granted pharmaceutical companies that are studying 
new treatments in adult SpA automatic full waivers from doing 
studies in children for new medications for “axial spondyloarthrop-
athies, including ankylosing spondylitis” (up until July 2020); these 
waivers were likely granted due to the differences in the nomen-
clature but also because of differences in the classification criteria 
for children with ERA and adults with axial SpA. Recent evidence 
supports the commonality of adult SpA and ERA with respect to 
genetics, pathogenesis, and clinical manifestations (9– 13).

There are currently no drugs that have been approved for 
the ERA category of JIA. Recent research has indicated a large 
unmet medical need in the treatment of JIA, with 52– 65% of all JIA 
patients (including those with ERA and juvenile PsA) having been 
treated with ≥1 biologic disease-modifying antirheumatic drug 
(DMARD) and 15– 19% having been treated with a biologic that 
was not approved by the FDA (7). In those with ERA or juvenile 
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PsA, 72– 79% of the children had been treated with a biologic 
DMARD, although no biologic DMARD has ever been approved 
by the FDA for these JIA categories. Even more worrisome is that 
as many as 31– 55% of the children demonstrated chronically 
uncontrolled arthritis, despite the use of these unapproved bio-
logic DMARDs (7).

In this issue of Arthritis Care & Research, Rumsey et al report 
on the characteristics of JIA patients with pediatric- onset axial 
SpA using data from the CARRA registry (14). At the time of the 
 analysis, this registry included longitudinal data from >5,600 chil-
dren with JIA, including 522 children with ERA and 380 with juve-
nile PsA. Select characteristics of children for whom sacroiliitis was 
ever reported were compared between the first registry visit with 
clinically active sacroiliitis (which came first in 72% of cases) and 
the first registry visit without clinically active sacroiliitis. Presence of 
sacroiliitis was identified by the treating provider or could be based 
on either clinical or imaging data (MRI or computed tomography 
scan). Sacroiliitis was identified in 28% of the total group of chil-
dren (n = 902) with either ERA or juvenile PsA (40% with ERA and 
12% with juvenile PsA). The diagnosis of sacroiliitis was based 
on clinical characteristics in 38% and imaging in 62%. The char-
acteristics of those with sacroiliitis highlighted several important 
findings. More than half were female, HLA– B27 was present in 
36%, and 81% had been treated with ≥1 biologic DMARD. These 
children with sacroiliitis had significantly greater disease burden 
with higher physician assessment of disease activity, higher par-
ent/patient global assessment of wellbeing, and higher disease 
activity as measured by the Juvenile Idiopathic Arthritis Disease 
Activity Score (15) compared to the children with ERA or juvenile 
PsA without sacroiliitis.

The study by Rumsey and colleagues has the following limi-
tations: 1) the lack of specific criteria to determine if the ILAR cri-
teria for ERA and juvenile PsA categories were accurately applied; 
2) the absence of well- defined criteria for the presence/absence 
of sacroiliitis; 3) the lack of information on radiologic findings com-
patible with SI joint involvement that were used to diagnose radio-
logic as opposed to nonradiologic SpA; and 4) the large amount 
of missing data. However, despite these limitations, Rumsey et al 
demonstrated that there is a significant proportion of the overall 
JIA population with nonradiologic SpA, with phenotypes that are 
similar to those of nonradiographic SpA in adults. The authors 
reported that the group of children with nonradiologic SpA have 
a significant disease burden, and the vast majority of them were 
being treated with unapproved biologic DMARDs. Evaluation of 
disease manifestations (4,16) and MRI assessment and scoring 
(17,18) has been validated for use in children and adolescents 
with SpA and are similar to those used in adults with nonradio-
graphic SpA.

In conclusion, the recent decision to remove children with 
juvenile SpA from the automatic waiver list is supported by the 
data from this study by Rumsey et al. This study showed that 
there is a significant proportion of the JIA population with active 

sacroiliitis with high disease burden despite very frequently (>80% 
of the population) being treated with unstudied and unapproved 
biologic DMARDs. Other recent publications demonstrate a 
significant number of these children continue with chronically 
uncontrolled arthritis despite use of these unapproved biologic 
DMARDs. It is now time for the pharmaceutical industry to per-
form FDA- monitored clinical trials of children and adolescents with 
SpA. This will allow for the scientific assessment of proper dosing, 
efficacy, and safety of the increasing number of new medications 
that are being licensed by the FDA for the treatment of SpA, such 
as anti- TNF inhibitors, anti– interleukin- 17 [IL- 17], and anti– IL- 23 
biologics, and perhaps JAK agents to address this unmet medical 
need in these patients with juvenile SpA.
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Objective. To develop updated guidelines for the pharmacologic management of rheumatoid arthritis.
Methods. We developed clinically relevant population, intervention, comparator, and outcomes (PICO) 

questions. After conducting a systematic literature review, the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach was used to rate the certainty of evidence. A voting panel 
comprising clinicians and patients achieved consensus on the direction (for or against) and strength (strong or 
conditional) of recommendations.

Results. The guideline addresses treatment with disease- modifying antirheumatic drugs (DMARDs), including 
conventional synthetic DMARDs, biologic DMARDs, and targeted synthetic DMARDs, use of glucocorticoids, and 
use of DMARDs in certain high- risk populations (i.e., those with liver disease, heart failure, lymphoproliferative 
disorders, previous serious infections, and nontuberculous mycobacterial lung disease). The guideline includes 44 
recommendations (7 strong and 37 conditional).

Conclusion. This clinical practice guideline is intended to serve as a tool to support clinician and patient decision- 
making. Recommendations are not prescriptive, and individual treatment decisions should be made through a shared 
decision- making process based on patients’ values, goals, preferences, and comorbidities.

The findings and conclusions herein are those of the authors and do 
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Prevention. This study did not involve human subjects, and therefore, 
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INTRODUCTION

To support high- quality clinical care, the American Col-
lege of Rheumatology (ACR) regularly updates clinical practice 
guidelines for the management of rheumatoid arthritis (RA), with 
the most recent update reported in 2015 (1). The current recom-
mendations address treatment with the following: 1) conventional 
synthetic disease- modifying antirheumatic drugs (csDMARDs), 
biologic DMARDs (bDMARDs), and targeted synthetic DMARDs  
(tsDMARDs); 2) glucocorticoids; and 3) use of these medications 
in certain high- risk populations. The use of vaccines and nonphar-
macologic treatment approaches (although initially part of this pro-
ject) will be covered in future ACR treatment guideline publications. 
For recommendations regarding pretreatment screening and rou-
tine laboratory monitoring, we refer readers to the 2008, 2012, and 
2015 guidelines (1– 3), with newly approved therapies following the 
screening process recommended for other medications in the 
same class. Recommendations for the perioperative management 
of patients undergoing elective orthopedic surgery are addressed 
in the 2017 guideline for perioperative management (4). For rec-
ommendations regarding reproductive health, we refer readers 
to the 2020 ACR Guideline for the Management of Reproductive 
Health in Rheumatic and Musculoskeletal Diseases (5).

In keeping with the Grading of Recommendations Assess-
ment, Development and Evaluation [GRADE] methodology), the 

ACR panel developed recommendations for commonly encoun-
tered clinical scenarios (6– 8). Both strong and conditional recom-
mendations required achieving a 70% level of agreement by the 
voting panel. Each recommendation is qualified as being strong or 
conditional. In this context, strong recommendations are those for 
which the panel is highly confident that the recommended option 
favorably balances the expected benefits and risks for the major-
ity of patients in clinical practice. In contrast, conditional recom-
mendations are those for which the panel is less confident that 
the potential benefits outweigh the risks. A recommendation can 
be conditional either because of low or very low certainty in the 
evidence supporting one option over another, or because of an 
expectation of substantial variations in patient preferences for the 
options under consideration.

METHODS

This guideline follows the ACR guideline development process 
and ACR policy guiding the management of conflicts of interest 
and disclosures (https://www.rheum atolo gy.org/Pract ice- Quali ty/
Clini cal- Suppo rt/Clini cal- Pract ice- Guide lines) (6,8), which includes 
GRADE methodology (6,8), and abides by the AGREE Report-
ing Checklist to ensure the completeness and transparency of 
reporting in practice guidelines (9). Supplementary Appendix 1, 
available on the Arthritis Care & Research website at http://onlin 
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elibr ary.wiley.com/doi/10.1002/acr.24596/ abstract), includes a 
detailed description of the methods. Briefly, the core leadership 
team drafted clinical population, intervention, comparator, and 
outcomes (PICO) questions. The literature review team performed 
systematic literature reviews for the PICO questions, selected and 
evaluated individual studies and graded the quality of the body of 
evidence available for each outcome, and produced the evidence 
report that summarizes these assessments (see Supplementary 
Appendix 2, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24596/ abstract). 
The core team defined the critical study outcome as disease activ-
ity for most PICO questions. Because the ACR has, in a sepa-
rate project, endorsed several disease activity measures for use 
in clinical practice, this guideline does not define levels of disease 
activity or the instruments a clinician should use to measure it 
(10). For PICO questions related to tapering, the critical outcomes 
were disease flare and subsequent return to the treatment target. 
Physical function, radiographic progression, quality of life, other 
patient- reported outcome measures, and adverse events were 
defined as important outcomes. Additional clinical outcomes were 
defined for PICO questions pertaining to select high- risk conditions 
(see Supplementary Appendix 3, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24596/ abstract). When available, cost- effectiveness studies 
were included with the evidence reports. Cost estimates (average 
wholesale prices) were retrieved from Lexicomp (see Supplemen-
tary Appendix 4, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24596/ abstract). 
The panel considered these estimates from a societal perspective, 
i.e., based on the list price, and not the copay.

An in- person panel of 10 patients with RA, moderated by the 
project’s principal investigator, reviewed the evidence report (along 
with a summary and interpretation by the moderator) and pro-
vided patient perspectives for consideration by the voting panel. 
The voting panel (13 clinicians and 2 patients) reviewed the evi-
dence reports and patient perspectives and voted on recommen-
dation statements. Rosters of the core leadership, literature review 
team, and panel members are listed in Supplementary Appendix  
5, available on the Arthritis Care & Research website at http://online 
libr ary.wiley.com/doi/10.1002/acr.24596/ abstract.

Several guiding principles, definitions, and assumptions 
were established a priori (Table 1). Because poor prognostic fac-
tors (11) have had less impact than other factors on prior RA 
treatment recommendations, they were not explicitly considered 
in formulating the PICO questions. However, poor prognostic fac-
tors were considered as possible influential factors in physicians’ 
and patients’ decision- making when developing recommenda-
tions. In contrast to the 2015 guideline (1), recommendations 
were not provided for subgroups defined by early versus late RA 
disease duration. This change was made because current dis-
ease activity, prior therapies used, and the presence of comorbid-
ities were felt to be more relevant than disease duration for most 

treatment decisions. However, early diagnosis and treatment in 
RA is associated with improved outcomes and is thus an impor-
tant overarching principle in its management (12). Recommen-
dations are intended for the general RA patient population and 
assume that patients do not have contraindications to the options 
under consideration.

RESULTS/RECOMMENDATIONS

The recommendations are based on a set of 81 PICO ques-
tions. The literature review initially identified 22,971 manuscripts 
(for the full set of PICO questions covering both pharmacologic 
and nonpharmacologic treatment). After excluding 18,333 titles 

Table 1. Guiding principles*
RA requires early evaluation, diagnosis, and management.
Treatment decisions should follow a shared decision- making 

process.
Treatment decisions should be reevaluated within a minimum of 3 

months based on efficacy and tolerability of the DMARD(s) 
chosen.

Disease activity levels refer to those calculated using RA disease 
activity measures endorsed by the ACR (10).

Recommendations are intended for the general RA patient 
population and assume that patients do not have 
contraindications to the options under consideration.

Recommendations are limited to DMARDs approved by the US 
FDA for treatment of RA.

csDMARDs: hydroxychloroquine, sulfasalazine, methotrexate, 
leflunomide

bDMARDs: TNF inhibitors (etanercept, adalimumab, infliximab, 
golimumab, certolizumab pegol), T cell costimulatory inhibitor 
(abatacept), IL- 6 receptor inhibitors (tocilizumab, sarilumab), 
anti- CD20 antibody (rituximab)†

tsDMARDs: JAK inhibitors (tofacitinib, baricitinib, upadacitinib)
Triple therapy refers to hydroxychloroquine, sulfasalazine, and 

either methotrexate or leflunomide.
Serious infection refers to an infection requiring intravenous 

antibiotics or hospitalization.
Biosimilars are considered equivalent to FDA- approved originator 

bDMARDs.
Recommendations referring to bDMARDs exclude rituximab 

unless patients have had an inadequate response to TNF 
inhibitors (in order to be consistent with FDA approval) or have 
a history of lymphoproliferative disorder for which rituximab is 
an approved therapy.

Treat- to- target refers to a systematic approach involving frequent 
monitoring of disease activity using validated instruments and 
modification of treatment to minimize disease activity with the 
goal of reaching a predefined target (low disease activity or 
remission).

Target refers to low disease activity or remission.
Recommendations specify that patients be at target (low disease 

activity or remission) for at least 6 months prior to tapering.
Dose reduction refers to lowering the dose or increasing the 

dosing interval of a DMARD. Gradual discontinuation of a 
DMARD is defined as gradually lowering the dose of a DMARD 
and subsequently stopping it.

* RA = rheumatoid arthritis; DMARDs = disease- modifying antirheu-
matic drugs; ACR = American College of Rheumatology; FDA = Food and 
Drug Administration; csDMARDs = conventional DMARDs; bDMARDs 
= biologic DMARDs; TNF = tumor necrosis factor; IL- 6 = interleukin- 6; 
tsDMARDs = targeted synthetic DMARDs. 
† Anakinra was not included due to infrequent use for patients with 
RA. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
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and abstracts, 4,038 full- text articles were screened, of which 
1,392 were excluded and 2,646 were considered for the evidence 
report. After full- text screening, 133 manuscripts were mapped 
to ≥1 PICO questions addressing pharmacologic treatment (see 
Supplementary Appendix 6, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24596/ abstract). The literature review did not identify any evi-
dence for 41% (n = 33) of the PICO questions.

Recommendations for DMARD- naive patients 
with moderate- to- high disease activity (Table 2)

DMARD monotherapy

Methotrexate is strongly recommended over 
hydroxychloroquine or sulfasalazine for DMARD- 
naive patients with moderate- to- high disease 
activity

This recommendation is strongly in favor of methotrexate 
despite very low- certainty evidence for hydroxychloroquine and 

low- certainty evidence for sulfasalazine based on the amount of 
data supporting the disease- modifying properties of methotrex-
ate monotherapy compared to hydroxychloroquine or sulfasalazine 
and concerns over the long- term tolerability of sulfasalazine (13,14).

Methotrexate is conditionally recommended 
over leflunomide for DMARD- naive patients with 
moderate- to- high disease activity

Despite low- certainty evidence of comparable efficacy, meth-
otrexate is preferred over leflunomide because of the evidence 
supporting its value as an anchor DMARD in combination regi-
mens. Additional advantages of methotrexate include its greater 
dosing flexibility and lower cost.

Methotrexate monotherapy is strongly 
recommended over bDMARD or tsDMARD 
monotherapy for DMARD- naive patients with 
moderate- to- high disease activity

There is low- certainty evidence suggesting superiority of 
tocilizumab monotherapy (15) over methotrexate monotherapy 
and moderate- certainty evidence suggesting greater efficacy 

Table 2. Disease- modifying antirheumatic drugs (DMARDs) initiation*

Recommendations
Certainty of 

evidence

Based on the evidence 
report(s) of the  

following PICO(s)†

Evidence 
table(s), in 

Supp. App. 2
Initiation of treatment in DMARD- naive patients with moderate- to- high 

disease activity
Methotrexate monotherapy is strongly recommended over:

Hydroxychloroquine or sulfasalazine Very low/low‡ PICO 2a.C1/C2 p. 14– 5
bDMARD or tsDMARD monotherapy Very low/moderate PICO 5a.C1– 4/C5§ p. 61– 78
Combination of methotrexate plus a non– TNF inhibitor bDMARD or 

tsDMARD¶
Low/very low PICO 6a.C2– 4/C5§ p. 109, 117– 28

Methotrexate monotherapy is conditionally recommended over:
Leflunomide Low PICO 2a.C3 p. 18
Dual or triple csDMARD therapy¶ Moderate PICO 4a.C1– C2 p. 46– 9
Combination of methotrexate plus a TNF inhibitor¶ Low PICO 6a.C1 p. 110

Initiation of a csDMARD without short- term (<3 months) glucocorticoids is 
conditionally recommended over initiation of a csDMARD with short- 
term glucocorticoids.

Very low PICO 7a p. 167

Initiation of a csDMARD without longer-term (≥3 months) glucocorticoids is 
strongly recommended over initiation of a csDMARD with longer-term 
glucocorticoids.

Moderate PICO 8a p. 170

Initiation of treatment in DMARD- naive patients with low disease activity
Hydroxychloroquine is conditionally recommended over other csDMARDs. Very low PICO 1a.C1– 4 p. 1– 6
Sulfasalazine is conditionally recommended over methotrexate. Very low PICO 1a.C2 p. 2
Methotrexate is conditionally recommended over leflunomide. Very low PICO 1a.C3 p. 5

Initiation of treatment in csDMARD- treated, but methotrexate- naive, 
patients with moderate- to- high disease activity#

Methotrexate monotherapy is conditionally recommended over the 
combination of methotrexate plus a bDMARD or tsDMARD.**

Moderate/very low PICO 6b.C1– 4/C5§ p. 136– 56

* PICO = population, intervention, comparator, and outcomes; Supp. App. 2 = Supplementary Appendix 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract; bDMARD = biologic DMARD; tsDMARD = targeted synthetic 
DMARD; TNF = tumor necrosis factor; csDMARD = conventional synthetic DMARD. 
† The closest matching PICO questions to each recommendation are provided. 
‡ The first certainty of evidence applies to the first listed option; the second certainty of evidence applies to the second listed option. 
§ The original PICO included individual DMARDs as comparators. The recommendation considers bDMARDs as a group. 
¶ The direction of the beneficial effect is in favor of the nonpreferred option. 
# Other recommendations for this patient population are the same as those for DMARD- naive patients. 
** The direction of the beneficial effect is in favor of the nonpreferred option. The certainty of evidence is high for the combination of methotrexate 
plus a TNF inhibitor and moderate for other bDMARDs. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
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of JAK inhibitor monotherapy over methotrexate monotherapy. 
The study by van Vollenhoven et al (16) was not considered by 
the voting panel as it was published after the evidence report 
was updated. However, methotrexate monotherapy is preferred 
because of its established efficacy and safety as a first- line 
DMARD and low cost. Moreover, tocilizumab and JAK inhibitors 
are not approved by the US Food and Drug Administration (FDA) 
for use in csDMARD- naive patients. Safety concerns released in 
early 2021 associated with JAK inhibitors (17,18) further support 
the recommendation of methotrexate monotherapy over tsD-
MARDs as initial DMARD therapy at this time.

Methotrexate monotherapy is conditionally 
recommended over dual or triple csDMARD 
therapy for DMARD- naive patients with 
moderate- to- high disease activity

The recommendation favors methotrexate monotherapy 
because the higher burden of combination therapy (e.g., mul-
tiple medications, higher cost) outweighs the moderate- quality 
evidence suggesting greater improvements in disease activity 
associated with combination csDMARDs (19). The recommenda-
tion is conditional because some patients may choose csDMARD 
combination therapy for an increased probability of obtaining 
a better response despite the added burden of taking multi-
ple medications.

Methotrexate monotherapy is conditionally 
recommended over methotrexate plus a tumor 
necrosis factor (TNF) inhibitor for DMARD- naive 
patients with moderate- to- high disease activity

Despite low- certainty evidence supporting greater 
improvement in disease activity with methotrexate plus a TNF 
inhibitor, methotrexate monotherapy is preferred over the combi-
nation because many patients will reach their goal on methotrex-
ate monotherapy and because of the additional risks of toxicity 
and higher costs associated with TNF inhibitors. The recommen-
dation is conditional because some patients, especially those 
with poor prognostic factors, may prioritize more rapid onset 
of action and greater chance of improvement associated with 
combination therapy (20– 22) over the additional risks and costs 
associated with initial use of methotrexate in combination with a 
TNF inhibitor.

Methotrexate monotherapy is strongly 
recommended over methotrexate plus a non– TNF 
inhibitor bDMARD or tsDMARD for DMARD- naive 
patients with moderate- to- high disease activity

There is very low- certainty evidence supporting the supe-
riority of methotrexate plus a non– TNF inhibitor bDMARD or 
 tsDMARD over methotrexate monotherapy in DMARD- naive 

patients; thus, methotrexate monotherapy is strongly preferred 
given the lack of proven benefit and additional risks and costs 
associated with the addition of a non– TNF inhibitor bDMARD or 
tsDMARD in this patient population.

Glucocorticoids

Initiation of a csDMARD without short- term 
(<3 months) glucocorticoids is conditionally 
recommended over initiation of a csDMARD with 
short- term glucocorticoids for DMARD- naive 
patients with moderate- to- high disease activity

While the voting panel agreed that glucocorticoids should not 
be systematically prescribed, the recommendation is conditional 
because all members acknowledged that short- term glucocor-
ticoids are frequently necessary to alleviate symptoms prior to 
the onset of action of DMARDs. Treatment with glucocorticoids 
should be limited to the lowest effective dose for the shortest 
duration possible. The toxicity associated with glucocorticoids 
was judged to outweigh potential benefits.

Initiation of a csDMARD without longer-
term (≥3 months) glucocorticoids is strongly 
recommended over initiation of a csDMARD with 
longer-term glucocorticoids for DMARD- naive 
patients with moderate- to- high disease activity

Although some patients may require longer-term glucocorti-
coids, this strong recommendation against longer-term glucocor-
ticoid therapy is made because of its significant toxicity.

Recommendations for DMARD- naive patients 
with low disease activity (Table 2)

Hydroxychloroquine is conditionally 
recommended over other csDMARDs, 
sulfasalazine is conditionally recommended over 
methotrexate, and methotrexate is conditionally 
recommended over leflunomide for DMARD- 
naive patients with low disease activity

Hydroxychloroquine is conditionally recommended over 
other csDMARDs because it is better tolerated and has a more 
favorable risk profile in patients with RA. Sulfasalazine is rec-
ommended over methotrexate because it is less immunosup-
pressive, and the patient panel felt that many patients with low 
disease activity would prefer to avoid the side effects associ-
ated with methotrexate. The recommendations are conditional 
because methotrexate may be the preferred initial therapy in 
patients at the higher end of the low disease activity range and in 
those with poor prognostic factors (11). Methotrexate is recom-
mended over leflunomide because of its greater dosing flexibility 
and lower cost.
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Recommendation for patients who have 
been treated with csDMARDs, excluding 
methotrexate, and who have moderate- to- high 
disease activity (Table 2)

Recommendations are the same as for DMARD- naive pa-
tients except for this population. The strength of the following 
recommendation is conditional for all bDMARDs and tsDMARDs.

Methotrexate monotherapy is conditionally 
recommended over the combination of 
methotrexate plus a bDMARD or tsDMARD

The recommendation is conditional because the voting panel 
thought that some patients who have already had persistent dis-
ease activity despite use of ≥1 csDMARD will prefer combination 
treatment for a more rapid response.

Recommendations for administration of 
methotrexate (Table 3)

Oral methotrexate is conditionally 
recommended over subcutaneous methotrexate 
for patients initiating methotrexate

Oral administration is preferred, despite moderate evidence 
suggesting superior efficacy of subcutaneous injections, due to 
the ease of oral administration and similar bioavailability at typical 
starting doses (23).

Initiation/titration of methotrexate to a 
weekly dose of at least 15 mg within 4 to 6 weeks 
is conditionally recommended over initiation/
titration to a weekly dose of <15 mg

The recommendation is conditional because there are few 
studies comparing different dosing strategies and wide variation in 

physician and patient preferences regarding the tradeoff between 
the increased efficacy and risks of toxicity associated with higher 
starting doses. This recommendation refers only to the initial pre-
scribing of methotrexate and is not meant to limit further dose 
escalation, which often provides additional efficacy (24).

A split dose of oral methotrexate over 24 
hours or weekly subcutaneous injections,  
and/or an increased dose of folic/folinic acid, is 
conditionally recommended over switching to 
alternative DMARD(s) for patients not tolerating 
oral weekly methotrexate

Despite the very low certainty of evidence supporting these 
strategies for alleviating side effects related to methotrexate, split 
dosing, changing to the subcutaneous route of administration, and 
increased doses of folic/folinic acid are the preferred initial strat-
egies over switching to another DMARD because of the efficacy, 
long- term safety, and low costs associated with methotrexate. 
The recommendation is conditional because patient preferences 
play an important role in the decision whether to continue metho-
trexate or switch to other DMARDs.

Switching to subcutaneous methotrexate is 
conditionally recommended over the addition of/
switching to alternative DMARD(s) for patients 
taking oral methotrexate who are not at target

This recommendation is consistent with the voting panel’s 
overarching principle of maximizing use of methotrexate prior to 
switching/adding DMARDs. However, there are no data com-
paring outcomes in patients who switch to subcutaneous meth-
otrexate versus another treatment strategy that includes other 
DMARDs. The recommendation is conditional because patient 
preferences and the magnitude of previous response to meth-
otrexate play an important role in this decision.

Table 3. Methotrexate administration*

Recommendations
Certainty of  

evidence

Based on the evidence  
report(s) of the  

following PICO(s)

Evidence 
table(s), in 

Supp. App. 2
Oral methotrexate is conditionally recommended over subcutaneous 

methotrexate for patients initiating methotrexate.
Moderate PICO 9 p. 181

Initiation/titration of methotrexate to a weekly dose of at least 15 mg within 4 
to 6 weeks is conditionally recommended over initiation/titration to a 
weekly dose of <15 mg.†

Moderate/
very low‡

PICO 10.C1– C3 p. 184– 5

A split dose of oral methotrexate over 24 hours or subcutaneous injections, 
and/or an increased dose of folic/folinic acid, is conditionally 
recommended over switching to alternative DMARD(s) for patients not 
tolerating oral weekly methotrexate.

Very low PICO 16 and PICO 15 p. 206– 10

Switching to subcutaneous methotrexate is conditionally recommended 
over the addition of/switching to alternative DMARD(s) for patients taking 
oral methotrexate who are not at target.

Very low PICO 18 p. 235

* PICO = population, intervention, comparator, and outcomes; Supp. App. 2 = Supplementary Appendix 2, available on the Arthritis Care & 
Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract; DMARD = disease- modifying antirheumatic drug. 
† This recommendation refers only to the initial prescribing of methotrexate and is not meant to limit further dose escalation, which often 
provides additional efficacy. 
‡ The first certainty of evidence applies to the first listed option; the second certainty of evidence applies to the second option. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
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Recommendations for treatment modification 
in patients treated with DMARDs who are not at 
target (Table 4)

Treat- to- target

A treat- to- target approach is strongly 
recommended over usual care for patients who 
have not been previously treated with bDMARDs 
or tsDMARDs

This recommendation applies to dose optimization of metho-
trexate and to the subsequent addition of DMARDs when required. 
The recommendation is strong despite low- certainty evidence 
because of the recognized importance of systematic monitoring 
and adjustment of treatment to minimize inflammation to prevent 
joint damage, as well as other long- term sequelae including cardi-
ovascular disease and osteoporosis.

A treat- to- target approach is conditionally 
recommended over usual care for patients who 
have had an inadequate response to bDMARDs 
or tsDMARDs

The recommendation is conditional because of the uncer-
tain incremental benefits of treat- to- target over usual care in this 
patient population. In this context, usual care refers to commonly 
employed practice patterns, i.e., adjustment of treatment based on 
shared decision- making, albeit typically without systematic mon-
itoring of disease activity using validated measures to reach a 
predefined target. Moreover, 1) the number of remaining availa-
ble treatment options, 2) the impact of noninflammatory causes of 
pain, comorbidities, and/or damage on the accuracy of validated 

disease activity assessments, and 3) the patient’s threshold for 
changing medications may have a more significant influence on 
the decision to follow a treat- to- target approach in this population 
compared to patients who are bDMARD-  and tsDMARD- naive.

A minimal initial treatment goal of low 
disease activity is conditionally recommended 
over a goal of remission

An initial target of low disease activity is preferred because 
remission by established criteria may not be achievable for many 
patients (25). In addition, the patient panel emphasized that failure 
to reach a specified target may be disheartening and stressful for 
some patients. They emphasized that it would be preferable to ini-
tially aim for low disease activity and subsequently consider a goal of 
remission. However, treatment goals should be systematically reas-
sessed over time and individualized to each patient to ensure that 
remission is targeted when possible. The recommendation is condi-
tional because remission is a reasonable initial goal for patients with 
early disease and minimal exposure to bDMARDs and tsDMARDs, 
and patient preferences play a significant role in this decision.

Modification of DMARD(s)

Addition of a bDMARD or tsDMARD is 
conditionally recommended over triple 
therapy (i.e., addition of sulfasalazine and 
hydroxychloroquine) for patients taking 
maximally tolerated doses of methotrexate 
who are not at target

The panel vigorously debated whether to recommend 
addition of a bDMARD or tsDMARD versus sulfasalazine and 

Table 4. Treatment modification*

Recommendations
Certainty of   

evidence

Based on the evidence  
report(s) of the  

following PICO(s)

Evidence 
table(s), in 

Supp. App. 2
A TTT approach is strongly recommended over usual care for patients who have not 

been previously treated with bDMARDs or tsDMARDs.
Low PICO 12.a p. 191

A TTT approach is conditionally recommended over usual care for patients who 
have had an inadequate response to bDMARDs or tsDMARDs.

Very low PICO 12.b p. 199

A minimal initial treatment goal of low disease activity is conditionally 
recommended over a goal of remission.

Low PICO 13 p. 201

Addition of a bDMARD or tsDMARD is conditionally recommended over triple therapy 
for patients taking maximally tolerated doses of methotrexate who are not at target.

Very low PICO 19.C2– C6† p. 240– 1

Switching to a bDMARD or tsDMARD of a different class is conditionally 
recommended over switching to a bDMARD or tsDMARD belonging to the same 
class for patients taking a bDMARD or tsDMARD who are not at target.

Very low PICO 24– 27† p. 293– 338

Addition of/switching to DMARDs is conditionally recommended over continuation 
of glucocorticoids for patients taking glucocorticoids to remain at target.

Very low PICO 23 p. 292

Addition of/switching to DMARDs (with or without IA glucocorticoids) is conditionally 
recommended over the use of IA glucocorticoids alone for patients taking DMARDs 
who are not at target.

Very low PICO 28.C1– C2 p. 339– 40

* PICO = population, intervention, comparator, and outcomes; Supp. App. 2 = Supplementary Appendix 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract; TTT = treat-to-target; bDMARDs = biologic disease- modifying 
antirheumatic drugs; tsDMARDs = targeted synthetic DMARDs; IA = intraarticular. 
† The original PICO included individual DMARDs as comparators. The recommendation considers bDMARDs as a group. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
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hydroxychloroquine (triple therapy) for patients with an inade-
quate response to methotrexate monotherapy in view of very 
low- certainty evidence favoring bDMARDs or tsDMARDs, rand-
omized controlled trials demonstrating equivalent long- term out-
comes across both treatment strategies, and significantly less 
societal cost associated with triple therapy (26– 29). Addition 
of a bDMARD or tsDMARD was ultimately preferred because 
the patient panel strongly prioritized maximizing improvement 
as quickly as possible. In addition, both the patient and vot-
ing panels valued the greater persistence of methotrexate plus 
a bDMARD or tsDMARD compared to triple therapy (defined 
in Table 1) (13,30). The recommendations from these studies 
(13,31) are conditional because triple therapy may be preferred 
in lower resource settings as well as in patients with specific 
comorbidities for whom triple therapy may be associated with 
significantly less risk of adverse events. This choice is highly 
preference sensitive, and decisions on how best to escalate 
care should incorporate patients’ preferences. There is no cur-
rent recommendation for a bDMARD versus a tsDMARD when 
adjusting treatment; however, the voting panel acknowledged 
that safety data released in early 2021 (17,18) may require 
a modification of this recommendation when peer- reviewed 
results are published.

Switching to a bDMARD or tsDMARD of a 
different class is conditionally recommended 
over switching to a bDMARD or tsDMARD 
belonging to the same class for patients taking a 
bDMARD or tsDMARD who are not at target

The recommendation is based on very low- certainty evidence 
supporting greater improvement in disease activity and drug sur-
vival among patients switching classes. The recommendation is 
conditional because patient and physician preferences are likely to 
vary based on prior experiences with specific DMARDs.

Use of glucocorticoids

Addition of/switching to DMARDs is 
conditionally recommended over continuation 
of glucocorticoids for patients taking 
glucocorticoids to remain at target

This recommendation assumes that improved disease con-
trol with DMARDs should allow less use of glucocorticoids. The 
recommendation is conditional because the continued use of glu-
cocorticoids may be required for patients who do not respond to 
DMARDs even after maximizing methotrexate dosage and switch-
ing DMARD classes.

Addition of/switching to DMARDs (with or 
without intraarticular [IA] glucocorticoids) is 
conditionally recommended over the use of 
IA glucocorticoids alone for patients taking 
DMARDs who are not at target

This recommendation was based on the premise that 
DMARDs should be adjusted to reduce disease activity, irrespec-
tive of treatment with IA glucocorticoids. The recommendation is 
conditional because patients may choose to defer adding/switch-
ing DMARDs if they obtain relief from IA injection(s).

Recommendations for tapering/discontinuing 
DMARDs (Table 5)

Because of the moderate- to- high risk for flare and the 
potential for irreversible long- term damage associated with 
stopping all DMARDs, the following recommendations presume 
that patients maintain a therapeutic dose of at least 1 DMARD. 
In addition, the recommendations specify that patients be at 
target (low disease activity or remission) for at least 6 months 

Table 5. Tapering disease- modifying antirheumatic drugs (DMARDs)*

Recommendations
Certainty of  

evidence

Based on the evidence 
report(s) of the  

following PICO(s)

Evidence 
table(s), in 

Supp. App. 2
Continuation of all DMARDs at their current dose is conditionally 

recommended over a dose reduction of a DMARD.
Low PICO 54.a p. 381

Dose reduction is conditionally recommended over gradual 
discontinuation of a DMARD.

Low PICO 52.C2 and PICO 53. C2 p. 351– 5, p. 372– 6

Gradual discontinuation is conditionally recommended over abrupt 
discontinuation of a DMARD.

Low PICO 52.C1 and PICO 53.C1 p. 351, 372

Gradual discontinuation of sulfasalazine is conditionally 
recommended over gradual discontinuation of hydroxychloroquine 
for patients taking triple therapy who wish to discontinue a DMARD.

Very low PICO 58 p. 400

Gradual discontinuation of methotrexate is conditionally 
recommended over gradual discontinuation of the bDMARD or 
tsDMARD for patients taking methotrexate plus a bDMARD or 
tsDMARD who wish to discontinue a DMARD.

Very low PICO 59.C1 p. 401

* PICO = population, intervention, comparator, and outcomes; Supp. App. 2 = Supplementary Appendix 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract; bDMARD = biologic DMARD; tsDMARD = targeted synthetic DMARD. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
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prior to tapering. Patients in remission for <6 months should 
not routinely be considered for dose reduction or withdrawal. 
Although the optimal time at target prior to tapering has not 
been established, the voting panel considered 6 months to be 
a reasonable minimal length of time to ensure stable disease 
control. “Dose reduction” refers to lowering the dose or increas-
ing the dosing interval of a DMARD. “Gradual discontinuation” 
denotes gradually lowering the dose of a DMARD and subse-
quently stopping it.

Continuation of all DMARDs at their current 
dose is conditionally recommended over a 
dose reduction of a DMARD, dose reduction 
is conditionally recommended over gradual 
discontinuation of a DMARD, and gradual 
discontinuation is conditionally recommended 
over abrupt discontinuation of a DMARD for 
patients who are at target for at least 6 months

These recommendations are based on studies demonstrat-
ing a higher risk of flare in patients who are 1) lowering the dose 
of a DMARD versus continuing DMARDs at the same dose, and  
2) abruptly versus gradually discontinuing a DMARD (32– 36). The 
recommendations are conditional because patient and physician 
preferences are expected to vary.

Gradual discontinuation of sulfasalazine 
is conditionally recommended over gradual 
discontinuation of hydroxychloroquine for 
patients taking triple therapy who wish to 
discontinue a DMARD

Gradually discontinuing sulfasalazine is recommended be-
cause of its poorer treatment persistence due to adverse events 
(14). The recommendation is conditional because patient and 
physician preferences are expected to vary.

Gradual discontinuation of methotrexate 
is conditionally recommended over gradual 
discontinuation of the bDMARD or tsDMARD for 
patients taking methotrexate plus a bDMARD or 
tsDMARD who wish to discontinue a DMARD

In the absence of direct evidence, gradually discontinu-
ing methotrexate is preferred because a bDMARD or tsD-
MARD is typically added following an inadequate response 
to methotrexate. Thus, the continued use of the bDMARD or 
tsDMARD is more likely to maintain disease control than the 
continued use of methotrexate. The recommendation is con-
ditional because gradual discontinuation of the bDMARD or 
tsDMARD may be favored depending on comorbidities, risk for 
infection, cost concerns, as well as patient and clinician prefer-
ences. The voting panel cautioned that many patients treated 

with certain monoclonal antibodies may require ongoing treat-
ment with methotrexate to prevent the formation of antidrug 
antibodies (37).

Recommendations for specific patient 
populations (Table 6)

Subcutaneous nodules

Methotrexate is conditionally recommended 
over alternative DMARDs for patients with 
subcutaneous nodules who have moderate- to- 
high disease activity

Switching to a non- methotrexate DMARD is 
conditionally recommended over continuation of 
methotrexate for patients taking methotrexate 
with progressive subcutaneous nodules

While accelerated nodulosis has been observed in patients 
starting methotrexate (38), there are no studies examining 
comparative strategies for patients with stable or progressive 
subcutaneous nodules. The preceding 2 recommendations 
are conditional because patient and clinician preferences are 
expected to vary. The recommendation to switch is based on the 
premise that methotrexate is a contributing factor to progressive 
nodulosis.

Pulmonary disease

Methotrexate is conditionally recommended 
over alternative DMARDs for the treatment 
of inflammatory arthritis for patients with 
clinically diagnosed mild and stable airway or 
parenchymal lung disease, or incidental disease 
detected on imaging, who have moderate- to- high 
disease activity

Studies indicate that preexisting lung disease is a risk fac-
tor for methotrexate- related pneumonitis (39,40). However, 
the overall risk of worsening lung disease attributable to meth-
otrexate is uncertain, and alternative DMARDs have also been 
associated with lung disease (41– 45). The recommendation is in 
favor of methotrexate because of its important role as an anchor 
treatment in RA and the lack of alternatives with similar efficacy 
and/or superior long- term safety profiles. The recommendation 
is conditional because some clinicians (rheumatologists and pul-
monologists) and patients will prefer an alternative option rather 
than accept any additional risk of lung toxicity. Patients with 
preexisting lung disease should be informed of their increased 
risk of methotrexate pneumonitis prior to initiating treatment 
with methotrexate.
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Table 6. Specific patient populations*

Recommendations
Certainty of 

evidence

Based on the evidence  
report(s) of the  

following PICO(s)

Evidence 
table(s), in 

Supp. App. 2
Subcutaneous nodules

Methotrexate is conditionally recommended over alternative DMARDs for 
patients with subcutaneous nodules who have moderate- to- high disease 
activity.

Very low PICO 64 p. 427

Switching to a non- methotrexate DMARD is conditionally recommended over 
continuation of methotrexate for patients taking methotrexate with progressive 
subcutaneous nodules.

Very low PICO 65 p. 428

Pulmonary disease
Methotrexate is conditionally recommended over alternative DMARDs for the 

treatment of inflammatory arthritis for patients with clinically diagnosed mild 
and stable airway or parenchymal lung disease who have moderate- to- high 
disease activity.

Very low PICO 67 p. 430

Heart failure
Addition of a non–TNF inhibitor bDMARD or tsDMARD is conditionally 

recommended over addition of a TNF inhibitor for patients with NYHA class III or 
IV heart failure and an inadequate response to csDMARDs.

Very low PICO 70 p. 435

Switching to a non–TNF inhibitor bDMARD or tsDMARD is conditionally 
recommended over continuation of a TNF inhibitor for patients taking a TNF 
inhibitor who develop heart failure.

Very low PICO 71 p. 436

Lymphoproliferative disorder
Rituximab is conditionally recommended over other DMARDs for patients who 

have a previous lymphoproliferative disorder for which rituximab is an approved 
treatment and who have moderate- to- high disease activity.

Very low PICO 75 and PICO 76 p. 446– 7

Hepatitis B infection
Prophylactic antiviral therapy is strongly recommended over frequent monitoring 

alone for patients initiating rituximab who are hepatitis B core antibody positive 
(regardless of hepatitis B surface antigen status).

Very low PICO 82 p. 459

Prophylactic antiviral therapy is strongly recommended over frequent monitoring 
alone for patients initiating any bDMARD or tsDMARD who are hepatitis B core 
antibody positive and hepatitis B surface antigen positive.

Very low PICO 83 p. 464

Frequent monitoring alone is conditionally recommended over prophylactic 
antiviral therapy for patients initiating a bDMARD other than rituximab or a 
tsDMARD who are hepatitis B core antibody positive and hepatitis B surface 
antigen negative.

Very low PICO 84 p. 471

Nonalcoholic fatty liver disease
Methotrexate is conditionally recommended over alternative DMARDs for 

DMARD- naive patients with nonalcoholic fatty liver disease, normal liver 
enzymes and liver function tests, and no evidence of advanced liver fibrosis who 
have moderate- to high disease activity.

Very low PICO 87 p. 489

Persistent hypogammaglobulinemia without infection
In the setting of persistent hypogammaglobulinemia without infection, 

continuation of rituximab therapy for patients at target is conditionally 
recommended over switching to a different bDMARD or tsDMARD.

Very low PICO 66 p. 429

Previous serious infection
Addition of csDMARDs is conditionally recommended over addition of a bDMARD 

or tsDMARD for patients with a serious infection within the previous 12 months 
who have moderate- to- high disease activity despite csDMARD monotherapy.

Very low PICO 88 p. 490

Addition of/switching to DMARDs is conditionally recommended over initiation/
dose escalation of glucocorticoids for patients with a serious infection within the 
previous 12 months who have moderate- to- high disease activity.

Very low PICO 90 and PICO 91 p. 496– 7

Nontuberculous mycobacterial lung disease
Use of the lowest possible dose of glucocorticoids (discontinuation if possible) is 

conditionally recommended over continuation of glucocorticoids for patients 
with nontuberculous mycobacterial lung disease.

Very low No relevant PICO

Addition of csDMARDs is conditionally recommended over addition of a 
bDMARD or tsDMARD for patients with nontuberculous mycobacterial 
lung disease who have moderate- to- high disease activity despite csDMARD 
monotherapy.

Very low PICO 92 p. 498

Abatacept is conditionally recommended over other bDMARDs and tsDMARDs 
for patients with nontuberculous mycobacterial lung disease who have 
moderate- to- high disease activity despite csDMARDs.

Very low PICO 93 p. 499

* PICO = population, intervention, comparator, and outcomes; Supp. App. 2 = Supplementary Appendix 2, available on the Arthritis Care & 
Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract; DMARDs = disease- modifying antirheumatic drugs; TNF = 
tumor necrosis factor; bDMARD = biologic DMARD; tsDMARD = targeted synthetic DMARD; NYHA = New York Heart Association; csDMARDs 
= conventional synthetic DMARDs. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24596/abstract
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Heart failure

Addition of a non– TNF inhibitor bDMARD or 
tsDMARD is conditionally recommended over 
addition of a TNF inhibitor for patients with 
New York Heart Association (NYHA) class III or 
IV heart failure and an inadequate response to 
csDMARDs

Switching to a non– TNF inhibitor bDMARD 
or tsDMARD is conditionally recommended over 
continuation of a TNF inhibitor for patients 
taking a TNF inhibitor who develop heart 
failure

These recommendations are based on the risk of wors-
ening heart failure observed in randomized clinical trials of 
TNF inhibitors in patients with NYHA class III or IV heart fail-
ure without RA (46,47). Both recommendations are conditional 

because of the very low- certainty evidence supporting these 
PICO questions.

Lymphoproliferative disorder

Rituximab is conditionally recommended 
over other DMARDs for patients who have a 
previous lymphoproliferative disorder for which 
rituximab is an approved treatment and who 
have moderate- to- high disease activity

Rituximab is preferred over other DMARDs, regardless of 
previous DMARD experience, because it would not be expected 
to increase the risk of recurrence or worsening of these lym-
phoproliferative disorders. The recommendation is conditional 
because of the very low- certainty evidence supporting this PICO 
question.

Hepatitis B infection

Prophylactic antiviral therapy is strongly 
recommended over frequent monitoring of 
viral load and liver enzymes alone for patients 
initiating rituximab who are hepatitis B core 
antibody positive (regardless of hepatitis B 
surface antigen status)

Prophylactic antiviral therapy is strongly 
recommended over frequent monitoring alone 
for patients initiating any bDMARD or tsDMARD 
who are hepatitis B core antibody positive and 
hepatitis B surface antigen positive

Frequent monitoring alone of viral load and 
liver enzymes is conditionally recommended 
over prophylactic antiviral therapy for patients 
initiating a bDMARD other than rituximab or 
a tsDMARD who are hepatitis B core antibody 
positive and hepatitis B surface antigen 
negative

These recommendations were made based on the risk of 
hepatitis B reactivation due to core antibody and surface anti-
gen status and the specific DMARD being initiated and are con-
sistent with the updated American Association for the Study 
of Liver Diseases guidance (48). Patients at risk for hepatitis 
B reactivation should be comanaged with a hepatologist. The 
third recommendation is conditional because it is less certain 
whether the benefit of prophylactic antiviral therapy outweighs 
the risks and cost of this treatment in the specified patient 
population.

Table 7. Key clinical questions requiring further research*
Methotrexate administration

At what dose and route of administration should methotrexate 
be started?

Does switching to non- methotrexate DMARDs improve 
tolerability over increasing the dose of folic acid, or using folinic 
acid or using split dose or subcutaneous dosing, for RA patients 
with side effects when taking methotrexate?

TTT
What is the efficacy of TTT in different patient populations (early 

versus late, bDMARD-  or tsDMARD- exposed, elderly- onset, 
comorbidities)?

What is the optimal target and method of assessment of disease 
activity for TTT in different populations?

Comparative effectiveness/safety
What is the comparative effectiveness/safety between bDMARDs 

and tsDMARDs?
What is the comparative effectiveness/safety between adding 

bDMARDs or tsDMARDs to methotrexate and switching to 
bDMARD or tsDMARD monotherapy?

What is the comparative effectiveness/safety between TTT by 
maximizing use of methotrexate (i.e., escalating dose via 
subcutaneous route) and adding/switching to bDMARD or 
tsDMARD monotherapy?

When, which, and how should DMARDs be tapered/
discontinued?

Do clinical or biologic markers predict a differential response to 
DMARDs?

Comorbidities
What is the effectiveness/safety of alternative treatment 

strategies in RA patients with clinical lung disease or NAFLD?
Which DMARDs can be initiated or continued after receiving 

checkpoint inhibitor therapy?
Which DMARDs should be used in patients with solid 

malignancies, including skin cancer?
Is there a time frame before which DMARDs can be started/

resumed in patients with concomitant solid malignancies?
* DMARDs = biologic disease- modifying antirheumatic drugs; RA = 
rheumatoid arthritis; TTT = treat- to- target; bDMARD = biologic 
DMARD; tsDMARD = targeted synthetic DMARD; NAFLD = nonalco-
holic fatty liver disease. 
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Nonalcoholic fatty liver disease (NAFLD)

Methotrexate is conditionally recommended 
over alternative DMARDs for DMARD- naive 
patients with NAFLD, normal liver enzymes and 
liver function tests, and no evidence of advanced 
liver fibrosis who have moderate- to- high disease 
activity

Given the concerns about the risk of hepatotoxicity asso-
ciated with methotrexate therapy in patients with NAFLD, use 
of methotrexate should be restricted to patients with normal liver 
enzymes and liver function tests and without evidence of liver dis-
ease or liver fibrosis (Stage 3 or 4). Noninvasive testing to diagnose 
and stage liver fibrosis as well as consultation with a gastroen-
terologist or hepatologist should be considered in patients prior 
to initiating methotrexate (49). In addition, more frequent moni-
toring should be performed in this patient population (every 4 to 
8 weeks). The recommendation is conditional because patients’ 
and clinicians’ risk tolerance varies.

Persistent hypogammaglobulinemia without 
infection

In the setting of persistent 
hypogammaglobulinemia without infection, 
continuation of rituximab therapy for patients 
at target is conditionally recommended over 
switching to a different bDMARD or tsDMARD

Continuing rituximab in patients who are at target is 
preferred because of the uncertain clinical significance of 
 hypogammaglobulinemia in patients without infection. Although 
an increased risk of infection has been described in RA patients 
with hypogammaglobulinemia, it is not known if a switch in 
DMARDs in patients who are at target is more effective in lowering 
infection risk while maintaining disease control than continuation 
of rituximab. The recommendation is conditional because physi-
cian and patient risk tolerance is likely to vary depending on the 
degree of hypogammaglobulinemia and patient- specific risk fac-
tors for infection.

Previous serious infection

Addition of csDMARDs is conditionally 
recommended over addition of a bDMARD or 
tsDMARD for patients with a serious infection 
within the previous 12 months who have 
moderate- to- high disease activity despite 
csDMARD monotherapy

This conditional recommendation is made based on obser-
vational data suggesting a lower risk of infection associated 

with combination csDMARDs (dual or triple therapy) compared 
to bDMARDs or tsDMARDs (50). Some clinicians may prefer 
 csDMARDs even if the serious infection occurred >12 months 
prior to considering a change.

Addition of/switching to DMARDs is 
conditionally recommended over initiation/dose 
escalation of glucocorticoids for patients with a 
serious infection within the previous 12 months 
who have moderate- to- high disease activity

This conditional recommendation is made based on observa-
tional studies suggesting a strong association between dose and 
duration of glucocorticoids with the risk of serious infection (51– 53).

Nontuberculous mycobacterial (NTM) lung 
disease

Given the variability of NTM lung disease severity and 
response to treatment, patients should be closely comanaged 
with an infectious disease or pulmonary specialist.

Use of the lowest possible dose of 
glucocorticoids (discontinuation if possible) is 
conditionally recommended over continuation 
of glucocorticoids without dose modification for 
patients with NTM lung disease

This recommendation is based on studies suggesting an 
increased risk of NTM lung disease in patients receiving either 
inhaled or oral glucocorticoids (54,55).

Addition of csDMARDs is conditionally 
recommended over addition of a bDMARD or 
tsDMARD for patients with NTM lung disease 
who have moderate- to- high disease activity 
despite csDMARD monotherapy

This recommendation is based on the lower expected risk 
of NTM lung disease associated with csDMARDs compared to 
bDMARDs and tsDMARDs (56).

Abatacept is conditionally recommended 
over other bDMARDs and tsDMARDs for patients 
with NTM lung disease who have moderate- to- 
high disease activity despite csDMARDs

Abatacept is conditionally recommended over other 
 bD  MARDs and tsDMARDs based on population data extrap-
olated from studies on tuberculosis (57). There is considerable 
uncertainty regarding the risk of mycobacterial infections associ-
ated with non– TNF inhibitor bDMARDs and tsDMARDs; however, 
TNF inhibitors are associated with increased rates of mycobacte-
rial infections and should be avoided (58).



FRAENKEL ET AL 936       |

The preceding 3 recommendations are conditional because of 
the very low- certainty evidence supporting the analysis of the differ-
ences in treatment outcomes posed by these PICO questions.

DISCUSSION

The ACR guidelines were developed to provide clinicians 
with recommendations for decisions frequently faced in clinical 
practice. Several new topics are included in this update, includ-
ing recommendations for administration of methotrexate, use 
of methotrexate in patients with subcutaneous nodules, pulmo-
nary disease, and NAFLD, use of rituximab in patients with hypog-
ammaglobulinemia, and treatment of RA in patients with NTM lung 
disease. Areas covered in the 2015 guidelines that are not covered 
in this update include recommendations for patients with hepati-
tis C and solid malignancies. The panel did not vote on specific 
recommendations for patients with hepatitis C because curative 
antiviral  therapy is now widely available. The panel did deliberate 
over PICO questions related to use of DMARDs in patients with 
solid malignancies. However, given the changing landscape of 
personalized treatments for many solid malignancies, the voting 
panel felt that a generalized recommendation was not possible.

On February 4, 2021, the FDA released a Drug Safety Alert 
noting a possible increased risk of major cardiovascular events 
and malignancies (excluding non- melanoma skin cancer) in 
patients with RA (over the age of 50 years with at least 1 risk 
factor for cardiovascular disease) participating in a randomized 
controlled trial designed to compare the safety of tofacitinib to 
adalimumab (18). Recommendations will be reviewed once peer- 
reviewed results are published. Rapidly evolving comparative 
effectiveness and safety signals associated with JAK inhibitors 
highlight the need to engage in a shared decision- making process 
when adjusting DMARDs (16,59). In addition, although previous 
recommendations cautioned against the use of TNF inhibitors in 
patients with skin cancer (1), the results of more recently pub-
lished studies examining specific DMARD- related risks of non- 
melanoma skin cancer and melanoma do not support making a 
definite recommendation for or against specific DMARDs (60,61).

The panel also considered PICO questions related to current 
use of checkpoint inhibitor therapy, but the variability in current 
practice patterns and differences in treatment for specific cancer 
types precluded the development of specific recommendations 
for patients who are candidates for, or are currently receiving 
checkpoint inhibitor therapy. We anticipate that additional rec-
ommendations for patients with systemic rheumatic diseases 
and solid malignancies will be developed as further data become 
available. There were vigorous discussions pertaining to recom-
mendations for specific DMARDs in patients with moderate- to- 
high disease activity despite csDMARDs and with a history of 
serious infection. However, the evidence was insufficient to sup-
port a recommendation. Future studies (using large registries and 

network meta- analyses) are needed to support specific recom-
mendations for this patient population.

The recommendation statements in this update are not 
directly comparable to the ACR 2015 guidelines (1) because they 
do not retain the early versus established RA subgroups. Nev-
ertheless, there are some notable differences. First, the 2015 
guidelines recommend csDMARD monotherapy, preferably 
with methotrexate, for patients with both low and moderate/high 
disease activity, whereas this update recommends an initial trial 
of hydroxychloroquine or sulfasalazine for those with low disease 
activity. Second, the 2015 guidelines recommended DMARD 
tapering for patients who are in remission. In this update, taper-
ing recommendations are made for patients who are in low dis-
ease activity or remission in the face of a paucity of data about 
when and how best to taper. The panel recommended that careful 
tapering might be considered if the patient wishes to cut back 
on their use of DMARDs. However, patients should be closely 
evaluated during any taper, and if a flare occurs, the prior regi-
men should be reinstituted promptly. Last, this update includes 
several recommendations against the use of glucocorticoid ther-
apy. These recommendations were made in recognition of the 
frequent difficulty tapering glucocorticoids leading to undesirable 
prolonged use and the increasing evidence of the negative impact 
of glucocorticoids on long- term patient outcomes, including risk 
for infection, osteoporosis, and cardiovascular disease, in RA and 
other rheumatic diseases (62– 65).

While consensus was easily reached on the majority of 
statements, 2 issues required prolonged discussion and debate. 
The decision on whether patients with an inadequate response 
to methotrexate should escalate to a bDMARD, tsDMARD, or tri-
ple therapy engendered much discussion with contrasting points 
of view. In the end, a recommendation was made in favor of a 
bDMARD or tsDMARD because of the more rapid onset of benefit 
and concerns related to the poor tolerability and durability of tri-
ple therapy in real- world practice (13,14). In particular, the patient 
panel highlighted the importance of a rapid onset of benefit after 
already having had an inadequate response to methotrexate. The 
conditional recommendation to initiate methotrexate therapy for 
patients with preexisting mild, stable lung disease was also rigor-
ously debated. While minimizing the risk of toxicity is paramount, 
the voting panel favored a conditional recommendation to initi-
ate methotrexate therapy in this clinical setting because of the vital 
role of this DMARD in the overall treatment of RA and lack of other 
comparable therapies without pulmonary risks.

Members of the voting panel agreed with the patient panel 
on the direction and strength of all but 2 recommendations. 
Patients were in favor of initial treatment with combination csD-
MARDs over methotrexate monotherapy because they placed 
greater value on the incremental benefits associated with combi-
nation therapy compared to clinicians. This preference was also 
stated in the 2015 guidelines (66). Patients also strongly preferred 
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discontinuing over a dose reduction of a DMARD whenever pos-
sible, whereas most clinicians on the voting panel preferred dose 
reduction. This discordance reflects patient preference to mini-
mize use of medications once they reach target versus physician 
preference to minimize flare. However, both the patient and voting 
panel stressed the variability in patient preferences for tapering. 
These differences reinforce the importance of using a shared 
decision- making approach in RA.

When clinically relevant, recommendations specify the level 
of disease activity in the patient population (Table 1). However, 
evidence tables include pooled data from studies that often use 
different measures of disease activity; thus, specific definitions of 
low versus moderate- to- high disease activity are not provided 
for specific recommendations. Despite the large body of litera-
ture related to pharmacologic treatments for RA, the review team 
did not identify high- certainty evidence for many of the questions 
addressed. This discrepancy is due to the differences between 
clinically important PICO questions and the specific objectives 
of clinical trials. For example, few studies have examined how to 
best dose and administer methotrexate, the most effective and 
safe use of DMARDs in high- risk populations, and the risk– benefit 
tradeoffs associated with glucocorticoid use. Moreover, many 
 trials could not be matched to specific PICO questions because 
of differences between the trials and the PICO questions’ spec-
ified study populations and treatment comparisons. Thus, many 
recommendations are based largely on very low-certainty or low- 
certainty evidence. Incorporating medical evidence and expert 
input and consensus into clinical guidelines is core to the GRADE 
process and strengthens recommendations, particularly when 
there is limited evidence. Important gaps in knowledge are 
described in Table 7.

In summary, this update includes recommendations related 
to initiation and adjustment of DMARD therapy in patients with 
RA. It also emphasizes the importance of minimizing use of glu-
cocorticoids. It is expected that additional data may modify the 
direction and/or strength of specific recommendations. The ACR 
will update the recommendations and answer these and other 
questions as new data are published.
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Juvenile Spondyloarthritis in the Childhood Arthritis 
and Rheumatology Research Alliance Registry: High 
Biologic Use, Low Prevalence of HLA– B27, and Equal Sex 
Representation in Sacroiliitis
Dax G. Rumsey,1  Aimee Lougee,2 Roland Matsouaka,2 David H. Collier,3 Laura E. Schanberg,2 
Jennifer Schenfeld,3 Natalie J. Shiff,4  Matthew L. Stoll,5  Scott Stryker,3 Pamela F. Weiss,6  and 
Timothy Beukelman,5 for the Childhood Arthritis and Rheumatology Research Alliance Registry Investigators

Objective. To describe characteristics of children with enthesitis- related arthritis (ERA) and juvenile psoriatic 
arthritis (PsA) who were enrolled in the Childhood Arthritis and Rheumatology Research Alliance (CARRA) registry.

Methods. All children with ERA and those with juvenile PsA were identified. Demographic characteristics, clinical 
characteristics, and treatments were described. The children with sacroiliitis and those without sacroiliitis were 
compared. In the children with sacroiliitis, the first visit with clinically active sacroiliitis (which came first in 72% of 
cases) was compared to the first visit without clinically active sacroiliitis.

Results. A total of 902 children with ERA or juvenile PsA were identified. Children with ERA were older at diagnosis 
(ages 10.8 years versus 8.2 years; P < 0.01) and were more likely to be male (56% versus 38%; P < 0.01). Polyarticular 
involvement was reported in 57% of children with ERA and in 72% of those with juvenile PsA. Of the children tested, 
HLA– B27 was positive in 38% of those in the ERA group and in 12% of those in the juvenile PsA group. At least 1 
biologic was taken by 72% of those with ERA and 64% of those with juvenile PsA.

Sacroiliitis (diagnosed clinically and/or by imaging) was reported in 28% of the children (40% of those with ERA and 
12% of those with juvenile PsA). Of these, 54% of the children were female, 36% were HLA– B27 positive, and 81% 
took at least 1 biologic. In children with sacroiliitis, scores according to the physician global assessment of disease 
activity, parent/patient global assessment of well- being, and clinical Juvenile Arthritis Disease Activity Score 10 were 
all significantly worse at the first visit with clinically active sacroiliitis versus the first visit without active sacroiliitis.

Conclusion. In this registry, there are more than 900 children with ERA or juvenile PsA. There was high biologic 
use in this population, especially in those with sacroiliitis. Further, there was equal sex representation in those children 
with sacroiliitis.

INTRODUCTION

Juvenile spondyloarthritis (SpA) is an umbrella term for a 
group of related conditions in childhood characterized by arthri-
tis, enthesitis, increased risk of axial disease, and association with 
HLA– B27 positivity (1).

The most widely used classification system for juvenile arthri-
tis at present, the International League of Associations for Rheu-
matology (ILAR) system, is not designed to properly capture these 
conditions (2– 4). Under ILAR classification, there are 7 categories 
of juvenile idiopathic arthritis (JIA). The 2 categories that encom-
pass most of the children with spondyloarthritis are enthesitis- related 
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arthritis (ERA) and juvenile psoriatic arthritis (PsA). An uncertain num-
ber of children with ERA or juvenile PsA– like disease are classified in 
the undifferentiated category, but that category is heterogenous and 
not limited to those with this type of arthritis (5).

It has been well described that the 2 distinct groups within the 
juvenile PsA category are 1) younger children who meet the juvenile 
PsA criteria but resemble children with antinuclear antibody– positive 
oligoarthritis and 2) older children who meet the juvenile PsA cri -
teria but who have a presentation more consistent with an adult with 
spondyloarthritis (e.g., more male individuals, more enthesitis) (6).

Children with ERA are more likely to have a clinical picture 
with predominantly peripheral arthritis, typically described as an 
oligoarthritis involving the lower extremities with high risk of axial 
disease, relative to the other categories of JIA (1). The prevalence 
of HLA– B27 is lower in children with ERA than in adults with spon-
dyloarthritis. Classically, more male individuals have been found to 
have ERA than female individuals (1).

In the present study, we describe the characteristics of chil-
dren with a physician- assigned diagnosis of ERA or juvenile PsA 
who were enrolled in the Childhood Arthritis and Rheumatology 
Research Alliance (CARRA) registry (see Appendix A for CARRA 
registry site principal investigators, subinvestigators, and research 
coordinators) from June 2015 to June 2018. This study repre-
sents the largest cohort of children with ERA and juvenile PsA 
described to date. The extent to which these conditions have 

been described has been limited (6,7). Children with ERA are 
reported to have higher pain intensity and poorer health status 
in comparison to children with other categories of JIA (8). Thus, 
improved epidemiologic data is needed to help physicians better 
recognize and treat these children.

PATIENTS AND METHODS

The general methods of the CARRA registry have been 
described in detail previously (9). Briefly, it is a registry of children 
with rheumatic disease, including JIA, that started in 2015. At the 
inception of the registry, there was selective enrollment of chil-
dren most likely to be treated with biologics. Observational data are 
collected retrospectively at enrollment and then prospectively. Data 
collected includes physician- assigned ILAR category, medications, 
clinical features, laboratory data, and imaging results. Study visits 
occur approximately every 6 months, in the context of routine clin-
ical care. Additionally, detailed information is recorded whenever a 
patient starts a new JIA medication (9). A composite measure of 
disease activity is collected, including the clinical Juvenile Arthritis 
Disease Activity Score 10 (JADAS- 10), which includes the physi-
cian global assessment of disease activity (PGA measured on a 
21- point scale from 0 to 10, marked in increments of 0.5), the par-
ent/patient global assessment of well- being (measured on an 11- 
point scale from 0 to 10), and the active joint count to a maximum 
of 10 joints (after a standard assessment, typically of 71 joints) (10). 
Additional measures are captured, including the Childhood Health 
Assessment Questionnaire and level of pain intensity (11). This 
analysis includes data from 60 American and 3 Canadian centers 
that were collected from June 2015 to June 2018.

Patients. All children with the physician- assigned diagnosis 
of either ERA or juvenile PsA in the registry were included in the 
analysis. If the JIA category changed over time (e.g., if a patient 
with oligoarthritis later developed psoriasis and was reassigned to 
having juvenile PsA), the most recent diagnosis was used. Prior to 
July 2017, there was preferential enrollment of children with poly -
articular involvement and/or receiving biologics. After that date, 
enrollment was opened to all children with JIA.

Statistical analysis. Statistical analyses were performed 
using SAS, version 9.4. The characteristics of children with ERA or 
juvenile PsA, and the combined group (ERA and juvenile PsA) were 
described using mean ± SDs or medians and interquartile ranges 

SIGNIFICANCE & INNOVATIONS
• This study describes many children with enthesitis- 

related arthritis and juvenile psoriatic arthritis, 
followed from June 2015 to June 2018 in the Child-
hood Arthritis and Rheumatology Research Alliance 
registry.

• There was high biologic use among these children,
with the majority (69%) having been treated with 
at least 1 biologic. The rate was particularly high in 
children with sacroiliitis (81%).

• There was lower than expected prevalence of
HLA– B27 positivity in this study population, includ-
ing in those with sacroiliitis (36%).

• There was equal sex representation in children
with sacroiliitis, highlighting the need for increased 
awareness of axial disease in female children, just 
as the awareness of spondyloarthritis in women 
has increased.
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for continuous variables and absolute and relative frequencies (num-
ber and %) for categorical variables, as appropriate. P values for 
categorical variables were computed when at least 50% of the cell 
counts had >0 records. Pearson’s chi- square test or Fisher’s exact 
test was performed, depending on the expected cell counts. P val-
ues for comparisons of mean values were computed by either Wil-
coxon’s rank sum test of means or t- test, depending on whether the 
normality assumption was met (using the Shapiro- Wilk test).

Characteristics of children with ERA or juvenile PsA in whom 
sacroiliitis was ever reported were compared to those without cur-
rent or historically reported sacroiliitis. Sacroiliitis was recorded as 
present clinically (as judged by the treating rheumatologist) and/
or by imaging (magnetic resonance imaging [MRI] or computed 
tomography [CT] scan). The following instructions were pro-
vided about what constitutes clinically active sacroiliitis: “Indicate 
whether the subject has clinically active sacroiliitis upon current 
physical examination (at the time of the visit).” Clinical sacroiliitis 
was defined as the presence of ≥2 of the following: 1) tender-
ness of the sacroiliac (SI) joint on examination, 2) positive Flexion 
Abduction External Rotation (Patrick’s) test, and 3) inflammatory 
back pain (the presence of ≥3 of the following conditions: insid-
ious onset, improvement with exercise, no improvement with 
rest, and pain at night [with improvement upon getting up]).” The 
form asked if there was “imaging evidence of sacroiliitis (synovitis, 
bone marrow edema) by MRI or CT.”

Finally, select characteristics of children for whom sacroiliitis 
was ever reported were compared between the first observed visit 
with clinically active sacroiliitis (which came first in 72% of cases) 
and the first observed visit without clinically active sacroiliitis. We 
singled out active sacroiliitis to highlight its impact on children and 
their families.

RESULTS

At the time of data extraction (June 30, 2018), there were 
5,641 children with JIA in the registry. A total of 902 of the children 

(16%) met the criteria for inclusion; 522 children with ERA (9%) 
and 380 children with juvenile PsA (7%). Of note, 496 patients 
(55%) were enrolled prior to July 2017 (when registry enrollment 
was biased toward children with polyarticular involvement and/or 
biologic treatment) and 406 (45%) were enrolled on or after that 
date (when the entry criteria opened to all children with JIA).

To assess the potential bias introduced by enrollment date, 
we compared the children enrolled prior to/on July 2017 to those 
enrolled after that date. We found that those enrolled before July 
2017 had a longer mean disease duration (in days) at the time 
of last visit than those enrolled after on or after July 2017 (1,398 
days versus 1,325 days; P = 0.047), as expected. The propor-
tion of children with polyarticular involvement (ever reported) was 
higher in those enrolled in the first time period than those in the 
second (72% versus 51%; P < 0.001), as expected. However, the 
proportion of patients who received at least 1 biologic was similar 
between those who enrolled prior to or on July 2017 compared to 
those who enrolled after this date (71% versus 66%; P = 0.083).

Total group and ERA/juvenile PsA. The combined group 
(comprising children with ERA and those with juvenile PsA) was 
predominantly White (81%) and female (52%; 44% of children with 
ERA and 62% with juvenile PsA) (P < 0.001). The mean ± SD age 
at diagnosis for the combined group was 9.7 ± 4.2 years (10.8 
years for ERA and 8.2 years for juvenile PsA) (P < 0.001). A major-
ity of children had polyarticular involvement (ever reported); 63% 
of the combined group, 57% with ERA, and 72% with juvenile 
PsA (P < 0.001) (Table 1). Sacroiliitis was ever reported in 28% of 
the combined group (40% with ERA and 12% with juvenile PsA) 
(P < 0.001). Of those with sacroiliitis, the diagnosis was clinical in 
95 of 252 children (38%), while in the remaining children the diag-
nosis involved MRI or CT. Enthesitis was ever reported in more 
than half (54%) of the combined group (78% with ERA and 19% 
with juvenile PsA). HLA– B27 was reported as present in 222 of 
725 (31%) of those tested (38% in the ERA group and 12% in the 
juvenile PsA group) (P < 0.001). The majority of children (69%) had 

Table 1. Characteristics of children with  enthesitis- related arthritis (ERA) or psoriatic arthritis (PsA) by juvenile 
idiopathic arthritis (JIA) category at the most recently occurring visit*

Characteristic
Overall  

(n = 902)
ERA  

(n = 522)
PsA  

(n = 380) P†
Age at diagnosis, mean ± SD years 9.7 ± 4.2 10.8 ± 3.4 8.2 ± 4.6 <0.001
Female sex 467 (52) 231 (44) 236 (62) <0.001
Reported White race‡ 731 (81) 417 (80) 314 (83) 0.30
Polyarticular involvement, no./total number (%)§ 563/888 (63) 293/514 (57) 270/374 (72) <0.001
Sacroiliitis, no./total number§ 252 (28) 208 (40) 44 (12) <0.001
Enthesitis, no./total number (%)§ 476/876 (54) 407 (78) 69/354 (19) <0.001
HLA– B27 present, no./total number (%) 222/725 (31) 197 (38) 25/203 (12) <0.001
≥1 biologic taken 622 (69) 377 (72) 245 (64) 0.01
≥1 TNF inhibitor taken 609 (68) 372 (71) 237 (62) 0.005

* Values are the number (%) unless indicated otherwise. TNF = tumor necrosis factor. 
† All P values are for comparisons between ERA and PsA. 
‡ Approximately 8% responded with either "multiple races," "other," or "prefer not to answer." 
§ Ever reported. 
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been treated with at least 1 biologic by the time of analysis (72% 
in the ERA group and 64% in the juvenile PsA group) (P = 0.01) 
(Table 1). The vast majority of children had been treated with at 
least 1 tumor necrosis factor (TNF) inhibitor (71% with ERA and 
62% with juvenile PsA) (Table 1).

Children with versus without sacroiliitis. When com-
paring children with sacroiliitis to those without sacroiliitis (ever 
reported), several important results were observed. First, male sex 
was not associated with the presence of sacroiliitis. In fact, 54% 
of the children with sacroiliitis versus 50% without sacroiliitis (ever 
reported) were female (P = 0.29). (Nota Bene Imaging was only 
conducted in those in whom sacroiliitis was clinically suspected). 
Children with sacroiliitis (ever reported) were older at JIA diagno-
sis (mean ± SD age 11.1 ± 3.7 years versus 9.3 ± 4.2 years) 
(P < 0.001). Among those with reported test results, HLA– B27 
was present in 86 of 239 (36%) of the children with sacroiliitis and 
132 of 464 (28%) of those without sacroiliitis (P = 0.04). Most chil-
dren with sacroiliitis (81%) had been receiving treatment with ≥1 
biologic, compared to 65% of those without sacroiliitis (P < 0.001) 
(Table 2). The vast majority of children had been receiving treat-
ment with ≥1 TNF inhibitor (79% of those with sacroiliitis and 64% 
of those without sacroiliitis) (P < 0.001) (Table 2).

Children with sacroiliitis: first visit with active sa 
croiliitis versus first visit without. When considering only 
children with ERA or juvenile PsA in whom sacroiliitis had ever 
been reported, there was a significantly higher mean ± SD PGA 
score at the first visit with active sacroiliitis (2.9 ± 2.2) versus 
their first visit without active sacroiliitis (1.8 ± 1.9) (P < 0.001). 
The mean ± SD parent/patient global assessment of disease 
activity score for these children at their first visit with active sacro -
iliitis (3.5 ± 2.5) was higher than at their first visit without sacroil-
iitis (2.9 ± 2.5) (P = 0.023). Further, the median active peripheral 
(non- SI) joint count was not statistically different at the visit with 
sacroiliitis (median 0.5 [interquartile range (IQR) 0.0– 3.5]) versus 

the visit without sacroiliitis (median 0.0 [IQR 0.0– 2.0]) (P = 0.096). 
The mean ± SD clinical JADAS- 10 score was significantly higher 
at the first visit with active sacroiliitis (9.3 ± 6.2) versus the first visit 
without sacroiliitis (5.8 ± 5.0) (P < 0.001). There was no significant 
difference in any of the other measures (Table 3). To assess the 
potential confounder of increased treatment intensity, the propor-
tion of patients taking biologic therapy at each of these visits was 
compared and found to be higher in those without active SI dis-
ease (Table 3). Further, the duration of biologic treatment at each 
visit was assessed and found to not differ (Table 3).

DISCUSSION

In this study, the characteristics of more than 900 children 
with the physician- assigned diagnosis of ERA or juvenile PsA in 
the CARRA registry were described. As expected, there were 
clear differences between children with ERA versus those with 
juvenile PsA. Children with ERA were older at diagnosis, more 
likely to be male, more likely to have had enthesitis (ever reported), 
and more likely to be HLA– B27 positive than those with juvenile 
PsA.

A majority of children in this cohort with either ERA (57%) or 
juvenile PsA (72%) had polyarticular involvement (ever reported), 
unlike traditional descriptions of children with these diagnoses 
(1). Biologic use was frequent in both groups, especially in chil-
dren with sacroiliitis, which is reflective of recent trends in JIA 
treatment (12). It is not surprising that biologic use is particularly 
high in those with sacroiliitis, as conventional disease- modifying 
antirheumatic drugs are generally ineffective for axial disease 
(13).

The high prevalence of polyarticular involvement and high 
biologic use were likely influenced by registry entry criteria prior 
to July 2017, which favored enrollment of children with these 
characteristics. Since then, the registry has opened up to all chil-
dren with JIA. As mentioned, 55% of our patients were enrolled 
prior to July 2017 and the remainder were enrolled on or after 
that date.

Interestingly, however, the proportion of children with polyar-
ticular involvement in this cohort is similar to that reported in the 
large Canadian cohort of children with JIA (Research in Arthritis in 
Canadian, Emphasizing Outcomes (ReACCh- Out)]. In that regis-
try, which was open to all children with JIA, 57% of children with 
enthesitis (regardless of JIA category) had polyarticular arthritis 
(ever reported) (7).

The prevalence of HLA– B27 in the current study was lower 
than prior estimates, including in those with sacroiliitis (36%). 
This may be partially due to the mix of children with juvenile PsA 
and ERA (as opposed to just ERA) and because some cases 
of sacroiliitis were diagnosed clinically (i.e., not confirmed with 
imaging).

Perhaps the most surprising finding of the current study 
was the approximately equal sex representation in children with 

Table 2. Characteristics of children with enthesitis- related arthritis 
(ERA) or psoriatic arthritis (PsA) by sacroiliitis category (ever reported 
by clinical examination or imaging)*

Characteristic
Sacroiliitis ever 

reported†
Sacroiliitis never 

reported† P
Age at diagnosis, 

mean ± SD years
11.1 ± 3.7 9.3 ± 4.2 <0.001

Female sex 137 (54) 312 (50) 0.29
Reported White race† 192 (76) 517 (84) 0.012
HLA– B27 present, 

no./total no. (%)†
86/239 (36) 132/464 (28) 0.04

≥1 biologic taken 203 (81) 403 (65) <0.001
≥1 TNF inhibitor taken 198 (79) 396 (64) <0.001

* Values are the number (%) unless indicated otherwise. For 
sacroiliitis ever reported, n = 252 (28%); for sacroiliitis never reported, 
n = 619 (69%). TNF = tumor necrosis factor. 
† Sacroiliitis status was unknown for 31 patients (3%). 
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sacroiliitis (54% female), diagnosed clinically and/or with imaging. 
It is surprising that either method would diagnose sacroiliitis as fre-
quently in female children as in male children. In adults, the diagno-
sis of sacroiliitis in women is often delayed compared to men due 
in part to a lower clinical index of suspicion (14). Interestingly, many 
of the children identified with sacroiliitis may have a condition akin 
to the adult diagnosis of nonradiographic axial spondyloarthritis, 
which has an almost equal prevalence in men and women (14).

In children with sacroiliitis and either ERA or juvenile PsA, 
the initial visit with active sacroiliitis was compared to the first 
visit without active sacroiliitis. At the active visit, the PGA, par-
ent/patient global assessment of disease activity, and the clinical 
JADAS- 10 (which includes the 2 preceding items) were all signif-
icantly worse (15), confirming the clinical impression that active 
sacroiliitis significantly impacts children and their families. A poten-
tial confounder is that more patients were taking biologics at the 
inactive visit, which may have had positive effects beyond treating 
the SI arthritis.

One study limitation is the imperfect classification of ERA 
or juvenile PsA in the CARRA registry. First, the ILAR classifica-
tion system does not adequately describe these forms of arthri-
tis (2– 4). Thus, patients in the “unclassified” category of JIA may 
be more accurately categorized as ERA or juvenile PsA under an 
improved classification system. Second, we relied on physician- 
assigned diagnoses and do not know how accurately the physi-
cians applied the ILAR criteria. Relying on clinical diagnoses may 
have resulted in misclassification of patients but is more accurately 
reflective of clinical care.

Another limitation is how sacroiliitis was captured in the reg-
istry during the study period. Sacroiliitis was recorded as pres-
ent based on the physician’s clinical impression and/or imaging 

evidence of active sacroiliac arthritis. There is now an improved 
CARRA registry data collection form in place.

A third limitation is the changing criteria for entry into the 
CARRA registry over the study period. Half of the study patients 
entered when the enrollment criteria were stricter, biasing the 
patient population toward those with polyarticular disease and/or 
use of biologics, while the other half entered when the enrollment 
criteria were changed to include all children with JIA.

In the CARRA registry, there are currently more than 900 
children with physician- diagnosed ERA or juvenile PsA. Children 
with ERA are phenotypically different from those with juvenile PsA, 
although biologic use (especially TNF inhibitors) is high in both 
groups, particularly in those with sacroiliitis. Further, there was 
equal sex representation in children with sacroiliitis, suggesting 
that a higher level of suspicion in girls for sacroiliac disease may 
improve health outcomes.

Clearly describing and defining ERA and juvenile PsA pop-
ulations is the first step to understanding the pathophysiology 
and determining optimal treatment of these diseases. Hopefully, 
future classification criteria will more fully capture children with 
ERA and juvenile PsA. An improved case report form for sacro-
iliitis and other refinements to the registry will help make this an 
even more valuable resource for studying these children going 
forward.
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Table 3. Clinical characteristics at first visit with clinically active sacroiliitis versus at first visit without clinically active sacroiliitis among 
children with ever reported sacroiliitis*

Characteristic

First visit with 
clinically active 

sacroiliitis
No./total no. 
of children

First visit with 
no clinically active 

sacroiliitis
No./total no.  
of children P

Taking biologics at first visit, no. (%) 91 (56) – 108 (66) – 0.010†
Duration of biologic treatment, median (IQR) days‡ 268.0 (99.0– 601.0)§ – 221.0 (127.0– 565.0)¶ – 0.94
PGA 2.9 ± 2.2 154/163 1.8 ± 1.9 150/163 <0.001
Parent/patient global assessment 3.5 ± 2.5 132/163 2.9 ± 2.5 0.023
Active peripheral joint count, median (IQR) 0.5 (0.0– 3.5) 160/163 0.0 (0.02.0) 162/163 0.096
Clinical JADAS- 10# 9.3 ± 6.2 126/163 5.8 ± 5.0 115/163 <0.001
Physical function mobility 31.3 ± 8.0 46/163 29.8 ± 4.0 41/163 0.95
C- HAQ 0.5 ± 0.6 138/163 0.4 ± 0.5 116/163 0.09
Pain intensity 4.0 ± 2.5 111/163 3.6 ± 2.5 94/163 0.37
Pain interference 62.3 ± 6.2 88/163 61.5 ± 6.6 77/163 0.42

* Values are the mean ± SD, unless indicated otherwise. C- HAQ = Childhood Health Assessment; IQR = interquartile range; JADAS- 10 = Juvenile 
Arthritis Disease Activity Score 10; PGA = physician global assessment of disease activity (measured on an 11- point scale from 0 to 10). 
† The McNemar test was used for this comparison. 
‡ Duration from biologic start to visit date (days). 
§ N = 89.
¶ N = 106. 
# Clinical JADAS- 10 is a composite measure of disease activity, which includes the PGA, the parent/patient global assessment of well- being 
(measured on an 11- point scale from 0 to 10), and the active joint count to a maximum of 10 joints (after a standard assessment, typically of 
71 joints). 
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Common Functional Ability Score for Young People With 
Juvenile Idiopathic Arthritis
Stephanie J. W. Shoop- Worrall,1  Martijn A. H. Oude Voshaar,2  Janet E. McDonagh,3 Mart A. F. J. Van de Laar,2 
Nico Wulffraat,4 Wendy Thomson,3 Kimme L. Hyrich,3 and Suzanne M. M. Verstappen3

Objective. As young people enter adulthood, the interchangeable use of child and adult outcome measures may 
inaccurately capture changes over time. This study aimed to use item response theory (IRT) to model a continuous 
score for functional ability that can be used no matter which questionnaire is completed.

Methods. Adolescents (ages 11– 17 years) in the UK Childhood Arthritis Prospective Study (CAPS) self- completed 
an adolescent Childhood Health Assessment Questionnaire (CHAQ) and a Health Assessment Questionnaire (HAQ). 
Their parents answered the proxy- completed CHAQ. Those children with at least 2 simultaneously completed 
questionnaires at initial presentation or 1 year were included. Psychometric properties of item responses within 
each questionnaire were tested using Mokken analyses to assess the applicability of IRT modeling. A previously 
developed IRT model from the Pharmachild- NL registry from The Netherlands was validated in CAPS participants. 
Agreement and correlations between IRT- scaled functional ability scores were tested using intraclass correlations 
and Wilcoxon’s signed rank tests.

Results. In 303 adolescents, the median age at diagnosis was 13 years, and 61% were female. CHAQ scores 
consistently exceeded HAQ scores. Mokken analyses demonstrated high scalability, monotonicity, and the fact 
that each questionnaire yielded reliable scores. There was little difference in item response characteristics between 
adolescents enrolled in CAPS and Pharmachild- NL (maximum item residual 0.08). Significant differences were no 
longer evident between IRT- scaled HAQ and CHAQ scores.

Conclusion. IRT modeling allows the direct comparison of function scores regardless of different questionnaires 
being completed by different people over time. IRT modeling facilitates the ongoing assessment of function as 
adolescents transfer from pediatric clinics to adult services.

INTRODUCTION

Functional ability is an important patient- reported outcome in 
individuals with juvenile idiopathic arthritis (JIA), both in childhood 
and later life (1). As a young person with JIA moves through adoles-
cence and into adulthood, their functional ability may be assessed 
using 1 of 3 versions of the Health Assessment Questionnaire (HAQ), 
depending on their age and local practice: the proxy- completed 
Childhood Health Assessment Questionnaire (P- CHAQ) (2), a self- 
completed adolescent CHAQ (A- CHAQ) with the same items as the 

P- CHAQ but developmentally appropriate rewording (3), or the self- 
completed Stanford HAQ, which has fewer items and was originally 
designed for adults with rheumatoid arthritis (4). The P- CHAQ was 
adapted from the HAQ and thus assesses similar domains of func-
tional ability, with additional items for tasks more relevant to young 
people, e.g., writing with a pen/pencil. In addition, a modified HAQ 
(MHAQ) was developed from the HAQ to reduce the time burden 
for both patients and health care professionals. The MHAQ includes 
1 question from each HAQ domain and can be completed in under 
5 minutes by adults with rheumatoid arthritis (5).
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Directly comparing scores on these 4 similar outcome meas-
ures is challenging, since each questionnaire has unique questions, 
or items. This diversity may lead to differences in scores that are 
unrelated to actual differences in underlying functional ability (6). In 
addition, the questionnaires may have been completed by differ-
ent people over time (e.g., adolescent, parent/care  giver). Finally, 
questionnaires may contain missing values, especially when paper 
and pencil forms are used. These limitations hinder the continu-
ous assessment of functional ability as adolescents mature and 
are transferred from pediatric to adult care, with previous research 
demonstrating that these existing questionnaires produce scores 
that are similar, but not interchangeable, when completed by/for 
the same young person at the same time point (6).

To continuously assess functional ability over time, a com-
mon function scale is needed. Using a single questionnaire for 
individuals with JIA of all ages would be difficult, since some func-
tional tasks are age- specific and different people (care  giver ver-
sus young person) may need to complete the questionnaire over 
time. One established method used to link scores from different 
questionnaires to a common scale is item response theory (IRT) 
(7,8). Within IRT, item and person characteristics are mapped on 
the same underlying measurement continuum. These character-
istics encompass the trait level of the person completing the item 
(i.e., the level of their functional ability), and the characteristics of 
the items themselves (e.g., the general difficulty of opening a jar 
versus a car door). One useful benefit of modeling item responses 
this way is that the modeling allows the scores to be corrected for 
these item characteristics (9,10). This way, a single score can be 
reflective of underlying functional ability, no matter what question-
naires or items have been completed.

The applications of IRT models are increasingly popular in 
outcome assessments across various medical fields. For example, 
in the Patient- Reported Outcomes Measurement Information Sys-
tem (PROMIS [11]) project, various item banks have been devel-
oped, from which tailored questionnaires with different items and 
lengths can be derived, with optimal relevance to specific patients 
(12). In the patient- reported outcome Rosetta Stone (PROsetta 
Stone) project, IRT was one method used to link legacy meas-
ures, those already developed and historically used, with newer 
PROMIS measures, to allow the retrofitting of existing scores to 
the newer measures and vice versa (13). In addition, IRT has pre-
viously been used to model latent functional ability across multiple 
questionnaires in adults with rheumatoid arthritis (14). However, to 

date, its application in JIA, in addition to similar questionnaires that 
have been sequentially developed, is limited.

Recently, an IRT- based standardized functional ability report-
ing metric was developed in 16,386 people with inflammatory 
rheumatic diseases recruited to international registries, including 
the Pharmachild- NL registry of children and young people with JIA 
(14). The standardized functional ability scale developed includes 
10 commonly used functional ability questionnaires (and their 
items), including the HAQ, MHAQ, and the P- CHAQ, and can 
be used to obtain comparable scores from each of the included 
questionnaires. It could therefore be used in young people with 
JIA to obtain comparable physical function scores regardless of 
the particular functional ability questionnaire used.

The aim of the current study was to examine 1) the appli-
cability of this metric in JIA, which could be assessed by exam-
ining the assumptions and fit of the IRT model underlying the 
common metric, in data obtained in a population of adolescents 
with JIA in the UK; 2) the agreement between IRT- scaled scores 
obtained using P- CHAQ, A- CHAQ, and HAQ in adolescents with 
JIA; and 3) the measurement properties of these questionnaires in 
this population using nonparametric IRT analyses.

SUBJECTS AND METHODS

Development study population. The Pharmachild- NL 
registry is a web- based register extracting demographic and 
clinical data from medical records twice yearly for juvenile arthri-
tis in Utrecht, The Netherlands. The cohort has been previously 
described (14). This cohort included 1,194 prevalent cases of 
juvenile arthritis who were prescribed methotrexate or biologic 
therapies and were selected for development of the IRT model. 
Item responses from the P- CHAQ, HAQ, and MHAQ were 
extracted from young people contributing these data between 
2010 and 2017.

Validation study population. Data were obtained from 
adolescents enrolled in the Childhood Arthritis Prospective Study 
(CAPS). CAPS is a longitudinal, UK, multicenter inception cohort 
following children and young people with inflammatory arthritis 
with onset before their 16th birthday. Specific inclusion and exclu-
sion criteria for CAPS have been described previously (15). CAPS 
has been approved by the Northwest Multicentre Research Ethics 
Committee (REC/02/8/104, IRAS 184042), and written informed 
consent was provided by proxies for all participants; where possi-
ble, patient assent was also obtained.

Between January 2004 and January 2015, adolescents 
ages 11– 17 years who were enrolled in CAPS were asked to self- 
complete the A- CHAQ and HAQ and for their proxies to complete 
the P- CHAQ at the same clinic visit. Only those adolescents with 
data from at least 2 of these 3 questionnaires completed at either 
initial presentation to pediatric rheumatology (CAPS baseline) or 
at 1 year following the initial presentation (CAPS 1- year follow- up) 

SIGNIFICANCE & INNOVATIONS
• Functional ability is a key outcome for adolescents 

transitioning into adulthood.
• Using item response theory, a common scale for 

functional ability has been developed and validated.
• Direct comparison of functional ability through ad-

olescence is now feasible using this common scale.
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were included in the current analysis. MHAQ scores were calcu-
lated using existing HAQ scores where available, with 1 item from 
each domain included (16).

Additional data collected at baseline from the CAPS cohort 
included demographic (ethnicity, sex, date of birth, disease onset, 
and initial presentation) and disease- related variables collected at 
both baseline and 1 year (disease category, active joint count, lim-
ited joint count, erythrocyte sedimentation rate [mm/hour], physi-
cian’s global assessment of disease [10- cm visual analog scale], 
and proxy global assessment of well- being [10- cm visual analog 
scale]).

Statistical analysis. Calculating CHAQ/HAQ scores in 
CAPS data. Item- specific, domain- specific, and overall CHAQ/
HAQ scores were calculated using CAPS data at baseline and 
1 year. Due to translation discordance between the UK and The 
Netherlands CHAQ versions, the UK item regarding running 
errands (Netherlands: run a race) was omitted. IRT models are 
robust to missing item data and overall scores can be compared 
using a total of the remaining items (14). To gain an overall score 
for each questionnaire, the largest possible item scores (0– 3) 
within each domain (8 in total) were summed, for a possible 
range of 0– 24. Dividing by 8 yields a final score ranging from 
0 to 3 (increasing scores denote worsening disability). In cases 
of incomplete data, a final score can be calculated if at least 6 
of 8 domains have values, through dividing by the number of 
domains with available data instead. In this study, the use of 
aids and devices was not considered when calculating domain- 
specific scores, in order to assess the effects of item differences 
on overall scores.

Assessing IRT assumptions in CAPS data. The IRT mod-
el that was used for calibrating the items from each question-
naire to a common function ability scale, the generalized partial 
credit model (17), has 2 assumptions: 1) unidimensionality: that 
all items from each functional ability questionnaire relate to the 
common underlying continuous function variable; and 2) mono-
tonicity: that the expected item score functions are monotonical-
ly increasing over this latent variable (i.e., the common functional 
ability scale increases each time an item score increases). 
Both assumptions were tested by checking the goodness- of- 
fit of Mokken’s model of monotone homogeneity (18). This is 
a nonparametric IRT model used to verify that patients can be 
ordered along an underlying latent variable. The model relies on 
the same assumptions as the generalized partial- credit model. In 
the Mokken approach, the unidimensionality assumption can be 
checked using item- level (Hi) and scale- level (H) scalability coeffi-
cients. Higher values indicate better scalability. H >0.30 supports 
unidimensionality and H >0.50 suggests a strong scale (19). 
The monotonicity assumption was checked using the check.
monotonicity function of the Mokken R package. Subsequently, 
we examined the reliability of the overall scores for each ques-
tionnaire using the Molenaar Sijtsma coefficient.

Fitting the IRT model in CAPS data. Differences in item re-
sponse behavior between adolescents enrolled in Pharmachild- 
NL (P- CHAQ) and CAPS (P- CHAQ, A- CHAQ, HAQ) were then 
examined to assess whether the existing item parameters were 
generalizable. This was completed by testing for differential item 
functioning (DIF). DIF occurs if adolescents with the same level of 
functional ability across cohorts have different IRT expected item 
scores. DIF was examined using Lagrange multiplier statistics 
and associated effect size statistics (20).

Subsequently, we fitted the previously estimated IRT model 
in the CAPS data. We tested the fit of the models by calculating 
the differences between the observed item scores in CAPS and 
the IRT model predicted scores (i.e., the absolute residuals). Item 
fit was considered acceptable if an item’s score residual was less 
than ±0.2.

A test characteristic curve and conversion tables were 
constructed to demonstrate how raw CHAQ, HAQ, and MHAQ 
scores (as scored in this article with the 19- item HAQ and without 
the use of aids) can be compared with standardized functional 
ability scores and/or translated among each other. The conversion 
tables were constructed according to the expected a posteriori 
(EAP) approach of Thissen et al for summed scores, using the 
Lord Wingerky algorithm (21). These stand only where no missing 
data are evident. To gain more accurate comparisons to latent 
scores, the converter tool at http://tihea lthca re.nl/en/exper tise/
commo n- metrics can be used, and an app is currently under 
development.

Evaluating congruence of IRT scores obtained from differ-
ent functional ability questionnaires. Finally, the comparability 
of functional ability scores was assessed between IRT- scaled 
and raw CHAQ and HAQ scores. Pairwise agreement between 
EAP IRT scores from the 4 functional ability measures was as-
sessed (22). The EAP score estimation procedure was cho-
sen because of the sizable flooring effect of the CHAQ/HAQ. 
Pairwise agreements between overall raw scores and between 
EAP- modeled IRT scores at baseline were assessed using 
Bland- Altman plots and compared using Wilcoxon’s signed 
rank tests. All analyses were undertaken in Stata software ver-
sion 14, and R version 3.4.1.

RESULTS

Patient cohort. A total of 303 adolescents in CAPS had 
completed at least 2 of the 3 full questionnaires at either the 
baseline (n = 178) or 1 year visit (n = 231). Compared with those 
adolescents with fewer than 2 questionnaire responses at either 
time point (n = 77), those included in the study had marginally 
higher physician global scores (2.5 cm versus 3.1 cm; P = 0.032). 
There were no differences in age, sex, ethnicity, disease duration, 
International League of Associations for Rheumatology (ILAR) 
category, pain, or any of the JIA core outcome variables except 
physician’s global scores at baseline between those included 

http://tihealthcare.nl/en/expertise/common-metrics
http://tihealthcare.nl/en/expertise/common-metrics
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and excluded from the study. Available CHAQ/HAQ scores were 
equivalent between the 2 groups.

The majority of study participants were female (59%) and of 
white ethnicity (91%). The median age at initial presentation to 
pediatric rheumatology was 13 years (interquartile range [IQR] 12– 
14) with median 7 months symptom duration to that point (IQR
4– 17). The most common disease category was oligoarticular JIA 
(40%). At that time, adolescents had a median of 2 active joints 
and physician and proxy global scores at ~3 cm on a 10- cm visual 
analog scale (Table 1).

At baseline, median CHAQ scores were consistent across 
proxies and adolescents at both baseline (both CHAQ medians 
0.6, both IQRs 0.1– 1.3) and 1 year (both CHAQ medians 0.3, 
both IQRs 0.0– 0.8). HAQ and MHAQ scores consistently ranked 
below those of the CHAQ: baseline HAQ 0.5 (IQR 0.0– 1.3), 1- year 

HAQ 0.1 (IQR 0.0– 0.8), baseline MHAQ 0.1 (IQR 0.0– 0.5), 1- year 
MHAQ 0.0 (IQR 0.0– 0.1) (Table 1).

The CAPS cohort was similar in sex, ethnicity, and ILAR distri-
butions to the development population from the Pharmachild- NL 
registry (65% female, 96% white ethnicity, 48% oligoarthritis). 
Although Pharmachild- NL included prevalent cases, patient age 
at CHAQ/HAQ completion was comparable (mean ± SD 13 ± 7 
years). Similar to the CAPS cohort, CHAQ scores (median 0.5 
[IQR 0.1– 1.0]) were higher than HAQ (median 0.4 [IQR 0.0– 0.9]) 
and MHAQ scores (median 0.1 [IQR 0.0– 0.5]).

Checking IRT assumptions and the psychometric 
properties of CHAQ/HAQ scores in CAPS. The IRT model 
assumptions held for each functional ability measure, suggesting 
that an IRT approach was applicable to functional ability in JIA 
using these questionnaires. Strong scalability and unidimension-
ality were evident for overall P- CHAQ, A- CHAQ, and HAQ scores 
at both baseline and 1 year (all H >0.5, all SE <0.1). Item- specific 
associations with the latent functional ability variable varied 
between items within questionnaires in terms of both scalabil-
ity coefficients (Hi ranges: P- CHAQ 0.3– 0.7, A- CHAQ 0.3– 0.7, 
HAQ 0.4– 0.7) and concordance coefficients (coefficient ranges: 
P- CHAQ 0.4– 0.8, A- CHAQ 0.4– 0.8, HAQ 0.5– 0.8). There were 
no violations to monotonicity, and the reliability for each question-
naire at each time point was high (all reliability coefficients ≥0.95) 
(see Supplementary Table 1, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24204/ abstract).

Assessing differences in item response behavior 
between CAPS and Pharmachild- NL and IRT model fit.  
The DIF analyses are summarized in Supplementary Table 2, avail-
able on the Arthritis Care & Research website at http://onlin elibrary. 
wiley.com/doi/10.1002/acr.24204/ abstract, and suggested no 
great differences in how adolescents in CAPS and Pharmachild- NL 
responded to the items. In general, the observed HAQ, P- CHAQ, 
and A- CHAQ average item scores were similar to the average 
item scores predicted by a joint IRT calibration of the CAPS and 
Pharmachild- NL data, with all residuals <0.10, and only 1% of item 
residuals exceeding ±0.05 (see Supplementary Table 2, available at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24204/ abstract).

Subsequently, the fit of the item parameters calibrated in 
Oude Voshaar et al (14) were evaluated in CAPS data. Again, 
the model- predicted average item scores were generally close to 
the average item scores observed in the CAPS data, with resid-
uals consistently falling below 0.2 across all questionnaires (see 
Supplementary Table 2).

Directly comparing latent functional ability across 
different questionnaires with different completers. 
Figure 1 shows how the CHAQ and HAQ scores relate to 
the standardized physical function score metric. In addition, 

Table 1. Baseline characteristics of the cohort (n = 303)*

Characteristic
Complete 

data, % Value
Female sex, no. (%) 100 180 (59)
White or Caucasian, no. (%) 97 267 (91)
Age at onset, years 97 12 (11– 13)
Age at first presentation, 

years
100 13 (12– 14)

Symptom duration at first 
pediatric rheumatology 
appointment, months

98 7 (4– 17)

ILAR category, no. (%) 100
Systemic – 20 (7)
Oligoarticular – 120 (40)
RF–  polyarticular – 56 (18)
RF+ polyarticular – 20 (7)
Enthesitis- related – 30 (10)
Psoriatic – 30 (10)
Undifferentiated – 27 (9)

Core outcome variables at 
baseline

Active joint count 90 2 (1– 6)
Limited joint count 90 1 (1– 4)
ESR, mm/hour 70 17 (6– 54)
Physician’s global 

assessment, cm
64 3.1 (1.7– 5.4)

Proxy global assessment of 
well- being, cm

77 2.7 (0.7– 5.1)

Functional ability at baseline†
P- CHAQ 87 0.625 (0.125– 1.250)
A- CHAQ 89 0.625 (0.125– 1.250)
HAQ 87 0.500 (0.000– 1.250)
MHAQ 87 0.125 (0.000– 0.500)

Functional ability at 1 year†
P- CHAQ 90 0.250 (0.000– 0.750)
A- CHAQ 89 0.250 (0.000– 0.750)
HAQ 93 0.125 (0.000– 0.750)
MHAQ 93 0.000 (0.000– 0.125)

* Values are the median (interquartile range) unless indicated
otherwise. A- CHAQ = adolescent Childhood Health Assessment 
Questionnaire; ESR = erythrocyte sedimentation rate; HAQ = Health  
Assessment Questionnaire; ILAR = International League of Associ-
ations for Rheumatology; MHAQ = modified HAQ; P- CHAQ = proxy 
CHAQ; RF = rheumatoid factor. 
† Of those patients who had ≥2 complete functional ability 
questionnaires at the time point. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
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Supplementary Table 3, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24204/ 
abstract, allows the direct comparison of CHAQ, HAQ, and 
MHAQ scores to this score metric. Increasing values on the stand-
ardized function scores indicate better functional ability. The figure 
and conversion tables can be used to compare CHAQ scores 
to the standardized physical function scores and to retranslate 
to HAQ scores if needed. However, this exact relationship only 
applies where no missing values are evident.

Agreement between scores across modeling  
techniques. Bland- Altman plots demonstrated greater agree-
ment between IRT- scaled than raw scores, demonstrated by nar-
rower limits of agreement and greater centrality around a mean 
difference of zero for all pairs of scores (see Supplementary 
Figure 1, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24204/ abstract). 
The majority of pairings had significant differences between raw 
scores and nonsignificant differences between IRT- scaled scores. 
In addition, T values were lower for all IRT- scaled pairings than 
raw scores, with the exception of the P- CHAQ versus A- CHAQ at 
baseline (Table 2).

DISCUSSION

Upon reaching adolescence and following transfer from pedi-
atric to adult care, outcomes and adolescents with JIA are meas-
ured using self- completed questionnaires rather than via proxy 
reports. For functional ability, this often means the HAQ is used 
instead of the P- CHAQ, with the potential intermediate use of 
the A- CHAQ. Previous work has demonstrated high correlation 
but only moderate agreement between raw scores using these 
3 measures (6,23,24). Therefore, assuming that the scores are 

interchangeable may result in the false assumption of an improve-
ment in ability where no such change had occurred, based only 
on the choice of questionnaire. Similarly, longitudinal outcome 
studies in JIA that capture data across adolescence and young 
adulthood (25) may also make incorrect conclusions about 
functional ability over this period if the choice of measure is not 
considered. The current study demonstrated the applicability of 
IRT modeling using CHAQ/HAQ item responses. This could be 
used to understand functional ability in young people with JIA 
over longer periods of time, retrospectively scale functional ability 
scores from completed studies to increase standardized compari-
son, and allow for the interpretation of incomplete functional ability 
questionnaires.

Models initially developed in an international cohort includ-
ing children and young people with JIA were validated in a 
UK multicenter inception cohort. This resulted in greater agree-
ment between overall IRT- scaled scores than between raw 
scores. The IRT models presented therefore allow the direct com-
parison of P- CHAQ, A- CHAQ, HAQ, and/or MHAQ scores over 
time, with an underlying latent variable score and with each other. 
Further research using any of these measures in JIA should report 
scaled values alongside raw scores, to allow direct comparison 
of functional ability between cohorts that may have used different 
questionnaires.

The psychometric properties of CHAQ/HAQ/MHAQ scores 
in relation to IRT modeling have rarely been assessed. Previous 
smaller studies including prevalent cases of JIA have found esti-
mating stable item parameters to be difficult (26,27). In both stud-
ies, small sample sizes, in addition to the prevalent flooring effect of 
the questionnaires, limited the accuracy of generated parametric- 
IRT (Rasch) parameters. One study resorted to combining the 
“with much difficulty” and “unable to do” CHAQ categories to 
force Rasch model fit (26). To overcome these issues, the current 

Figure 1. A test characteristic curve demonstrating how latent functional ability can be modeled using either/all of the Childhood Health 
Assessment Questionnaire (CHAQ), Health Assessment Questionnaire (HAQ), and modified HAQ (MHAQ) scores.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
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study employed nonparametric IRT models in a population at 
least twice the sample size than in previous works. These models 
do not rely on estimated parameters to study the measurement 
properties of the included scales. Our results therefore provide 
useful additional information about the psychometric properties of 
the evaluated questionnaires. We were able to show that all items 
on the P- CHAQ, A- CHAQ, and HAQ relate to a single underlying 
functional ability variable and that each instrument yields highly 
reliable scores.

Once the applicability of IRT modeling to each of the 3 ques-
tionnaires had been confirmed, the current study was able to val-
idate existing IRT models developed in young people and adults 
with JIA in the Pharmachild- NL registry. Previously fitted models 
successfully summarized the item responses given by adoles-
cents in CAPS. Thus, the results should generalize across other 
cohorts of patients with JIA, regardless of which questionnaire has 
been completed. The utility of the models was demonstrated in 
the increased agreement between pairs of overall scores under 
these models compared to raw scores, with the former adjusting 
for item characteristics.

If complete data are available, the conversion table (see Sup-
plementary Table 3, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24204/ 
abstract) and figure (Figure 1) can be used to access latent func-
tional ability scores. In cases of missing data, or to convert entire 
data sets at once, the now externally validated models are availa-
ble at http://tihea lthca re.nl/en/exper tise/commo n- metric and can 
be used to directly access latent functional ability scores for indi-
vidual patients or cohorts of patients for both clinical and research 
purposes.

Limitations to the study include the small differences between 
CHAQ and HAQ items, few of which were entirely unique to each 
questionnaire. Despite the differences between questionnaire 
scores being greater than the minimum clinically important differ-
ences in functional ability (28,29), this analysis did not demon-
strate the full possibilities of IRT modeling. Further applications 
include its ability to model other functional ability questionnaires 
with unique items, such as CHAQ compared with the functional 
ability questions within the Juvenile Arthritis Multidimensional 
Assessment Report (30). With increasing differences in question-
naires measuring the same disease construct, greater differences 
between raw scores and IRT- scaled scores would be evident. 
However, for this study, CHAQ and HAQ scores have been 
assumed interchangeable, and even with these small changes 
between questionnaire items, the current study was able to 
demonstrate 1) greater agreement between IRT- scaled compared 
with raw scores, 2) scores that are not biased in the presence of 
incomplete answers compared with raw scores, and 3) the ability 
to directly compare scores from any of the questionnaires with an 
underlying construct variable.

In clinical practice, these models facilitate direct compari-
son of CHAQ scores with HAQ scores upon switching of ques-
tionnaires during adolescence. This includes the MHAQ, with 
lesser burden on adolescents, since only 5 items on the HAQ 
are required for a total score, taking fewer than 5 minutes to 
complete (5), with young people previously reporting that the 
CHAQ was burdensome in length (31). Beyond this advantage, 
functional ability questionnaires can be tailored to each young 
person based on personalized relevance from a functional ability 
item bank such as PROMIS (11). IRT modeling would then allow 

Table 2. Significant differences between pairwise functional ability questionnaires*

Baseline One year

Questionnaire comparison, model No. % ceiling† T‡ P‡ No. % ceiling† T‡ P‡
P- CHAQ vs. A- CHAQ

Raw data 136 19.3 1.3 0.196 183 41.3 0.6 0.580
IRT: EAP 136 – 1.5 0.138 183 – 0.2 0.843

P- CHAQ vs. HAQ
Raw data 133 25.7 3.2 0.002 192 45.3 1.3 0.205
IRT: EAP 133 – 1.6 0.109 192 – – 0.2 0.851

P- CHAQ vs. MHAQ
Raw data 133 23.1 8.7 <0.001 192 43.3 7.1 <0.001
IRT: EAP 133 – 1.9 0.059 192 – 0.8 0.425

A- CHAQ vs. HAQ
Raw data 136 32.1 3.2 0.002 191 51.2 1.1 0.263
IRT: EAP 136 – 2.1 0.036 191 – 0.0 0.978

A- CHAQ vs. MHAQ
Raw data 136 46.4 10.1 <0.001 191 61.7 7.1 <0.001
IRT: EAP 136 – 2.6 0.012 191 – 0.8 0.432

HAQ vs. MHAQ
Raw data 156 24.3 9.9 <0.001 218 42.8 9.1 <0.001
IRT: EAP 156 – 1.0 0.340 218 – 2.0 0.052

* A- CHAQ = adolescent Childhood Health Assessment Questionnaire; EAP = expected a priori; HAQ = Health Assessment 
Questionnaire; IRT = item response theory; MHAQ = modified HAQ; P- CHAQ = proxy CHAQ. 
† Percentage 0 on both scores. 
‡ Wilcoxon’s signed rank test. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24204/abstract
http://tihealthcare.nl/en/expertise/common-metric
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for the direct comparison of functional ability over time, even 
when different items have been completed from these different 
questionnaires.

Further limitations include the fact that functional ability of the 
tested cohort was, on average, low to moderate, and thus few very 
high CHAQ/HAQ scores contributed to the models. The flooring 
effect of these questionnaires is well known (2), with upper quar-
tile scores extended to only 1.3 of 3.0 even at initial presentation 
to pediatric rheumatology. While few patients experienced severe 
limitations in functional ability, this validation cohort represents a 
generalizable sample of adolescents with newly diagnosed JIA, 
including those across all ILAR categories. Finally, the current study 
was able to demonstrate a direct comparison between latent func-
tional ability and a proxy- completed P- CHAQ. However, it is often 
evident that young people with JIA complete the P- CHAQ them-
selves, particularly where the A- CHAQ and HAQ are not available. 
No adolescents in this study self- completed the P- CHAQ. How-
ever, the lack of differences in item responses between the proxy- 
completed P- CHAQ and adolescent- completed A- CHAQ meant 
that the current study could combine these questionnaires to a 
single CHAQ score. Thus, the CHAQ model presented should be 
able to adequately incorporate self- completed P- CHAQ scores. 
Finally, these data were collected as part of an observational real- 
world research study. As in any longitudinal observational study, 
clinical and demographic data are often missing. To allow for 
adequate validation of the IRT model, we required at least 2 of 
the CHAQ/HAQ forms to have been completed. Available CHAQ/
HAQ scores were equivalent between adolescents included and 
excluded from the study.

P- CHAQ, A- CHAQ, and HAQ scores can be directly com-
pared to latent functional ability using IRT modeling. This will 
greatly aid the direct comparison of functional ability across the 
JIA disease course when adolescents are transferred from pedi-
atric to adult rheumatology services. In additional, scores from 
different study populations using different functional ability ques-
tionnaires can be directly compared, and longer- scale studies 
can now feasibly compare functional ability even if questionnaires 
have missing items and/or adolescents switch questionnaires 
throughout the study.
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Vertical Drop Jump Performance in Youth With Juvenile 
Idiopathic Arthritis
Gregor Kuntze,1  Alberto Nettel- Aguirre,2 Julia Brooks,3 Shane Esau,1 Colleen Nesbitt,1 Dianne Mosher,2 
Marinka Twilt,4 Susanne Benseler,4 Janet L. Ronsky,1 and Carolyn A. Emery2

Objective. Juvenile idiopathic arthritis (JIA) is associated with altered body structure and function outcomes that 
may expose youth with JIA to a greater risk of secondary joint injury. This study aimed to examine differences in 
vertical drop jump (VDJ) biomechanics for youth with JIA and healthy youth (control group).

Methods. The present study was a matched pair cohort study. Youth with JIA (n = 30) and their age-  and sex- 
matched control peers participated in this ethics- approved study. Lower- extremity biomechanics information was 
obtained using a motion analysis system (Motion Analysis) and 2 force plates (AMTI). Biomechanics outcomes 
included hip, knee, and ankle joint angles, ground reaction forces (GRF), and VDJ phase durations. Other outcomes 
included disease activity, physical disability, and sports participation. Matched pairs data (JIA– control) were analyzed 
using a multivariate random coefficient model (version 3.5.0, R Core Team; joint angles, potential confounders) and 
paired samples t- tests with Bonferroni correction (α = 0.0125; GRF, VDJ phase durations).

Results. Youth with JIA had low disease activity, pain, and disability scores. Youth with JIA maintained a more 
erect posture at the hip (β = – 4.0°, P = 0.004), knee (β = 7.5°, P = 0.004) and ankle (β = – 2.6°, P = 0.001). GRF and 
phase durations outcomes did not meet criteria for significant differences. Knee extension increased with participant 
age (β = – 1.0°, P = 0.002), while female participants displayed greater hip flexion (β = – 6.6°, P = 0.001) and less ankle 
dorsiflexion (β = 2.3°, P = 0.006).

Conclusion. This study provides evidence for a stiff knee landing strategy by youth with JIA. These findings 
inform targets for physical therapy management to mitigate the risks of a secondary joint injury in sports participation.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic 
childhood rheumatic disease (onset age of 4.8 years, range 0.6– 
16.4 years), affecting approximately 0.1– 4.0 per 1,000 children 
worldwide (1– 3). The primary symptoms of JIA include pain, 
joint swelling, and stiffness, as well as fever and swollen lymph 
nodes. Modern pharmacologic management approaches, using 
early, targeted use of nonsteroidal antiinflammatories, intraarticu-
lar glucocorticoid injections, disease- modifying agents, and bio-
logics, have contributed to an approximately 50% probability of 
remission off medication within 5 years of diagnosis in Canada (4). 
Increasingly effective pharmacologic management in turn raises 

important questions regarding physical activity participation for 
children and youth with JIA in periods of disease remission and 
the role of exercise therapy for this population (5).

Important considerations regarding physical activity participa-
tion include secondary consequences of JIA, which may include 
body structure and function (6), physical activity, and participa-
tion outcomes. A growing body of evidence indicates that youth 
with JIA may experience reduced physical activity (7,8), impaired 
postural balance (9), alterations in joint biomechanics of gait and 
jumping (10– 14), decreased physical fitness (15), including bone 
and muscle structure (16), and strength deficits (17). However, 
the heterogeneity of patient- specific disease characteristics, dif-
ferential responses to clinical management, and differences in 
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assessment techniques may contribute to disparate research 
findings. While Houghton et al (9) reported impaired postural bal-
ance in youth with JIA using an unstable multi- axis platform, Nes-
bitt et al (8) did not observe dynamic balance deficits using a triple 
single- leg hop, while Merker et al (18) reported improved balance 
for youth with JIA using a uni- axis balance platform. Such differ-
ences in research findings illustrate the challenges of assessing 
body structure and function outcomes and highlight the need for 
additional research to assess the secondary consequences of JIA 
in youth using validated and reliable protocols and measurement 
approaches.

A particular area of concern with respect to physical activ-
ity participation in youth with JIA is their ability to accommodate 
impact loading during sports activities. This concern is especially 
relevant because current evidence indicates increasing participa-
tion in school sports by youth with JIA (19). A stiff landing strategy 
(20– 22), characterized by less total hip and knee joint flexion, as 
well as valgus knee alignment (23) and medial knee displacement 
(24), have been suggested as risk factors for anterior cruciate liga-
ment (ACL) injury in female youth athletes. Ford et al (12) demon-
strated altered kinematics and kinetics of the hip, knee, and ankle 
joints during a vertical drop jump (VDJ) task, where youth with 
JIA appeared to favor a flexed landing posture. While the authors 
attributed such a landing strategy to a potential adaptation to dis-
sipate the landing forces, the strategy may also reflect a strength 

deficit of the hip and knee extensors (25) and an inability to ade-
quately control the forces during the landing phase. Given the 
large heterogeneity of JIA, the increasing efficacy of modern phar-
macologic management, and limited research evidence on body 
structure and function outcomes to date, there is a clear need for 
further information on the consequences of JIA, and specifically 
on how JIA affects movement task performance (using quantita-
tive biomechanics outcomes) and sports participation in youth.

The objective of this study was to quantify differences in hip, 
knee, and ankle joint biomechanics and task performance of a 
VDJ for youth with JIA compared to their age-  and sex- matched 
healthy peers. This study focused on individuals with JIA who have 
an involved knee joint and receive modern pharmacologic man-
agement as well as targeted physical therapy as needed. Further, 
this study explored sports participation habits of youth with and 
without JIA to provide a behavioral context regarding potential 
biomechanical differences.

SUBJECTS AND METHODS

Participants. This study employed a matched pairs cohort 
study design, matching for age (within 1.5 years) and sex. Recruit-
ment details for this cohort have been previously reported by Kuntze 
et al (14). Criteria for matched pairs assignments were based on 
the closest match in age by month between individuals with JIA 
(JIA group) and their healthy peers (control group). Youth with JIA 
were ages 10– 20 years and had a current diagnosis of JIA with 
knee involvement, confirmed by a physician using American Col-
lege of Rheumatology criteria (26). Inclusion criteria for participants 
with JIA comprised joint involvement of 1 or both knees without 
systemic symptoms, no change in medication for 3 weeks prior to 
testing, and no active ankle joint involvement at the time of testing. 
Further, joints could be symptom atic or in remission at the time of 
testing. Age-  and sex- matched healthy youth had no history of JIA 
or other rheumatic diseases. Exclusion criteria for all participants 
comprised contraindications indicated on the Physical Activity 
Readiness Questionnaire for Everyone (a 7- item self- administered 
questionnaire), previous lower- extremity musculoskeletal injury or 
intraarticular steroid injection within 3 months prior to testing that 
resulted in time loss (work, school, or sport), diagnosis of any other 
arthritides, or any current medical problem that prevented partici-
pation in the study (e.g., neurologic conditions).

Participants with JIA were recruited sequentially as they 
presented to their acting physician and physical therapist at the 
Pediatric Rheumatology clinic at the Alberta Children’s Hospital 
and the Richmond Road Diagnostic and Treatment Centre Rheu-
matology Clinic in Calgary. Control youth were recruited using the 
Healthy Infants and Children Clinical Research Program at the 
Alberta Children’s Hospital, participant siblings and friends, and 
word- of- mouth recruitment. All testing was conducted between 
July 2016 and January 2018. Ethics approval was granted by the 
University of Calgary Conjoint Health Research Ethics Board at 

SIGNIFICANCE & INNOVATIONS
• Secondary consequences of juvenile idiopathic ar-

thritis (JIA) include body structure and function defi-
cits that may expose youth with JIA to an increased 
risk of injury when participating in high- impact 
movement tasks during activities such as school 
sports. However, little information is available relat-
ed to known injury risk factors during sport- specific 
movement tasks for this population.

• The objective of this study was to identify differ-
ences in the performance of a vertical drop jump 
(VDJ) task between youth with and without JIA, us-
ing lower- extremity movement biomechanics. The 
VDJ was chosen specifically due to existing research 
evidence on the association of poor movement me-
chanics and greater risk of injury in youth sports.

• The findings of this study revealed that youth with 
JIA performed the VDJ task with a stiff knee landing 
strategy, which is regarded as a risk factor for inju-
ry in youth sport. Further evidence on the potential 
confounding effects of age and sex on biomechanics 
outcomes highlights the importance of including age 
and sex in research design to reveal the consequences  
of JIA on body structure and function outcomes.

• Evidence on the secondary consequences of JIA in-
forms targets for physical therapy to restore normal 
joint function and prepare youth for a safe return to 
physical activity in periods of disease remission.
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the University of Calgary, Canada (ethics ID: REB15- 3125) and 
Alberta Health Services. All participants provided signed informed 
consent/assent.

Disease activity and sports participation. Details of 
disease activity assessment and cohort characteristics have been 
previously reported by Kuntze et al (14). Disease activity was 
recorded by the same study physician (SB) using the Juvenile 
Arthritis Disease Activity Score, a sensitive numerical score of dis-
ease activity in individuals with JIA (27), which consists of measures 
of active joint count (10 joints), physician global assessment of dis-
ease activity, and evaluation of the child’s well- being. Further, the 
Child Heath Assessment Questionnaire (C-HAQ) was completed 
by participants. The C-HAQ is a validated and reliable tool of self- 
assessed physical disability in children and adolescents (28). Items 
of the C-HAQ are scored on a 4- point ordinal scale (from 0 = with-
out any difficulty, to 3 = unable to do) as well as 2 visual analog 
scale (VAS) scores of disease- related pain and overall well- being 
(scale 0– 3). Sports participation was assessed using a demo-
graphics questionnaire. Section D of the questionnaire focused on 
sports and physical activity participation in the past year. Partici-
pants were provided with a range of 48 sports and physical activity 
options and were asked to identify which sports they participated 
in over the past year. An option for other sports or physical activi-
ties was provided in case a suitable option was not available.

VDJ assessment. Bilateral joint kinematics and ground reac-
tion forces (GRF) were recorded using a 12- camera motion cap-
ture system (Motion Analysis, 240 Hz) and 2 OR6- 6 force plates 
(Advanced Mechanical Technology, 2,400 Hz). Thirty- two reflective 
spherical markers were attached to the pelvis and lower extrem-
ities of the participants (14). After a standing neutral trial, partici-
pants performed 5 successful VDJs, stepping off a raised platform 
(height 33 cm). Successful VDJs consisted of participants landing 
with both feet at the same time (shoulder width apart) on each 
of the 2 force plates, immediately performing a maximum effort 
vertical jump upon landing, and following the jump phase, landing 
again with each foot on the same force plate. All participants were 
given a task familiarization period and provided verbal confirmation 
when they felt comfortable with performing the VDJ. Adherence to 
the task criteria was visually confirmed during testing by a member 
of the research team, and data were collected until participants 
performed 5 successful repetitions. The VDJ has been shown to 
be predictive of ACL injuries (r2 = 0.88) and has a high test– retest 
reliability (intraclass correlation coefficient >0.94) (29,30).

Data processing. Kinematics data were processed using 
EVaRT (Motion Analysis) and hip, knee, and ankle joint angles 
were computed using Visual3D (C- Motion) (14). Joint angle time 
series were normalized to the first support phase of the VDJ (101 
data points) by extracting foot contact events for the right and left 
feet. Foot contacts of the right and left foot were identified from 

vertical GRF (vGRF) data using custom code implemented in Mat-
lab, version 2016b (MathWorks) (31). The duration of the support 
phase was determined from the time either leg first contacted the 
ground until the first time either leg first left the ground. The flight 
phase was defined as the time from the end of the support phase 
until either leg first contacted a force plate a second time. Out-
comes of the vGRF were computed for the landing and push- off 
phases (vGRFL and vGRFP, respectively) of the support phase of 
the VDJ. The vGRFL was defined as the maximum vGRF for either 
force plate (i.e., regardless of leg) during the first 30% of the sup-
port phase. Similarly, vGRFP was defined as the maximum vGRF, 
regardless of leg during the final 30% of the support phase.

Joint kinematics outcomes included bilateral maximum hip 
flexion angles, hip adduction/abduction and internal/external rota-
tion angles at 50% of support phase, and maximum knee flex-
ion and ankle dorsiflexion angles. To support the analysis of the 
participants’ maximum jumping ability, mean data were computed 
using 3 of 5 VDJ repetitions with the longest jump phase durations. 
Kinematics outcomes were analyzed with respect to the indexed 
leg (the affected leg of participants with JIA and dominant leg of 
control participants) and the contralateral leg (the unaffected or 
less affected leg of participants with JIA and the nondominant leg 
of control participants). The indexed leg was identified by the study 
rheumatologist, and in cases of bilateral knee involvement, the 

Table 1. Participant characteristics of typically developing (control) 
youth and youth with juvenile idiopathic arthritis (JIA)*

Characteristic
Control 
(n = 35)

Matched 
control  
(n = 30)

JIA 
(n = 30)

Age, mean ± SD years 14.8 ± 2.9 15.0 ± 2.7 14.8 ± 2.6
Height, mean ± SD meters 1.61 ± 0.12 1.62 ± 0.12 1.63 ± 0.14
Weight, mean ± SD kg 52.1 ± 13.1 53.4 ± 12.8 55.6 ± 15.0
Female, no. (%) 25 (71.4) 21 (70.0) 21 (70.0)
Disease course

Oligoarticular, no. (%) NA NA 14 (46.7)
Polyarticular, no. (%) NA NA 14 (46.7)
Enthesitis- related, no. 

(%)
NA NA 2 (6.7)

Time since diagnosis, 
mean (range) months

NA NA 80 (0– 173)

PGA (0– 10), no., mean 
± SD

NA NA 26, 0.5 ± 0.7

PtGA (0– 10), no., mean 
± SD

NA NA 20, 1.1 ± 2.0

Active joint count, no., 
mean ± SD

NA NA 26, 1.6 ± 4.9

Joints with limited ROM, 
no., mean ± SD

NA NA 26, 1.7 ± 4.9

Drug management, no. 
(%)

DMARDS NA NA 28 (71)
Biologics NA NA 28 (36)
Intraarticular steroid 

injections
NA NA 28 (32)

* DMARDS = disease- modifying antirheumatic drugs; NA =
not applicable; PGA = physician global assessment of disease 
activity; PtGA = parent global assessment of disease activity; 
ROM = range of motion. 
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indexed leg was identified by the participant as the leg that they felt 
was worst affected. The dominant leg of control participants was 
identified by determining which leg they prefer to kick a ball with.

Statistical analysis. Data analysis was conducted using 
Matlab and R, version 3.5.0 (R Core Team). The effects of JIA 
on kinematics outcomes of the indexed leg and contralateral leg 
(i.e., JIA– control) were investigated using a multivariate (i.e., vec-
tor of responses) random coefficient model in R (32) (α = 0.05) 
using the nonlinear mixed-effects package (33). In this approach, 
joint angle outcomes for each participant were analyzed as a 

single 5- dimensional DATA vector of correlated outcomes (32). 
Assumptions for normality of residuals were visually assessed 
using Q- Q plots and plots of residuals against the fitted values. 
In the multivariate random coefficient model, JIA and control joint 
angle data were considered as dependent multivariate samples, 
with matched pairs considered as random effects. The effects 
of group (JIA and control) and leg (indexed leg and contralateral 
leg) as well as the effects of potential confounders (i.e., age, sex, 
and body mass index [BMI]) were modeled as fixed effects within 
the multivariate model.

Landing and push- off maximum vGRFs and VDJ support and 
flight phase durations were analyzed using paired samples t- tests 
with Bonferroni correction for false discovery rate (α = 0.0125). 
Mean matched pair differences and 98.75% confidence intervals 
(CIs) were computed, where a significant difference was concluded 
if the CI did not include zero. Differences in participant characteristics 
were explored using mean ± SDs, interquartile ranges, and minimum 
and maximum data ranges. Sports participation was assessed with 
respect to sports with ≥15% participation by youth with and without 
JIA to provide information on common sports choices.

RESULTS

Cohort characteristics. Sixty- five youth participated in 
this study (JIA, n = 30; control, n = 35), resulting in 30 matched 
pairs. The proportion of female pairs (70%) was greater than male 
(30%), where participants had a mean age of ~15 years, and youth 
with JIA presented with predominantly oligoarticular and polyar-
ticular JIA subtypes (oligoarticular 46.7%, poly  articular 46.7%, 
enthesitis- related 6.7%) (Table 1). The median disease duration 
was 80 months (range 0– 173 months). The physician assessment 

Table 2. Child Health Assessment Questionnaire outcomes for 
youth with juvenile idiopathic arthritis (JIA), their typically developing 
(control) peers, and pair differences*

Outcome
Control  
(n = 35)

JIA  
(n = 30)

Pair 
differences  
(JIA– control)  

(n = 30)
Pain (0– 3)

Mean ± SD 0.3 ± 0.6 0.4 ± 0.5 0.2 ± 0.8
Median (Q1, Q3) 0.0 (0.0, 0.20) 0.3 (0.0, 0.7) 0.1 (0.0, 0.6)
Range: min., max. 0.0, 2.0 0.0, 2.3 – 2.0, 2.3

Global evaluation 
(0– 3)

Mean ± SD 0.1 ± 0.2 0.5 ± 0.8 0. 5 ± 0.8
Median (Q1, Q3) 0.0 (0.0, 0.0) 0.2 (0.0, 0.6) 0.2 (0.0, 0.6)
Range: min., max. 0.0, 0.7 0.0, 2.8 – 0.5, 2.8

Disability index 
(0– 3)

Mean ± SD 0.0 ± 0.1 0.2 ± 0.3 0.2 ± 0.3
Median (Q1, Q3) 0.0 (0.0, 0.0) 0.0 (0.0, 0.3) 0.0 (0.0, 0.3)
Range: min., max. 0.0, 0.3 0.0, 0.9 – 0.3, 0.9

* max. = maximum; min. = minimum; Q1 = 1st quartile; Q3 = 3rd 
quartile. 

Figure 1. Sports and physical activity participation over the past year by youth with JIA (red bars) and the control group without JIA 
(blue bars). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24219/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24219/abstract
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was conducted for 26 of 30 youth with JIA who displayed low 
scores for physician global assessment of disease activity (0– 
10 range) (mean ± SD 0.5 ± 0.7), active joint count (mean ± SD 
1.6 ± 4.9 joints), and joints with limited range of motion (mean ± SD 
1.7 ± 4.9 joints). Parent assessment of disease activity was com-
pleted for 20 of 30 participants (0– 10 range; mean ± SD 1.1 ± 2.0) 
because not all participants were accompanied by their parents. 
The type of antirheumatic drug used was reported by 28 partici-
pants (71% disease- modifying antirheumatic drugs, 36% biolog-
ics, 32% intraarticular steroid injections) (Table 1).

All participants completed the C-HAQ pain and global eval-
uation VAS (0– 3 range). Median pair differences indicated slightly 
elevated pain ratings (median 0.1 [first quartile (Q1)– third quartile 
(Q3) 0.0– 0.6], range 0– 3) and reduced global evaluation scores 
(median 0.2 [Q1– Q3 0.0– 0.6], range 0– 3) in youth with JIA 
(Table 2), as well as elevated disability ratings for some individuals 
with JIA (median 0.0 [Q1– Q3 0.0– 0.3], range 0– 3) (Table 2). Fur-
ther, 22 of 30 youth with JIA and 20 of 35 healthy controls com-
pleted the sports and physical activity participation questionnaire 
(Figure 1). Findings for the top 12 sports and physical activities 
for youth with JIA indicated a greater preference for swimming 
by control participants. Participation preferences appeared to be 
similar between groups across other sports.

VDJ biomechanics. Multivariate analysis of hip, knee, and 
ankle joint kinematics outcomes revealed a significant effect of 
group (JIA, control) on maximum sagittal and frontal plane hip 
angles (β = – 4.0°, P = 0.004 and β = 2.9°, P = 0.027, respec-
tively), as well as sagittal plane knee (β = 7.5°, P = 0.001) and 
ankle (β = – 2.6°, P = 0.001) angles (Table 3). No significant differ-
ences were observed in the transverse plane of the hip (β = – 0.2°, 
P = 0.906). Participants with JIA displayed less hip flexion (JIA 
indexed leg mean ± SD 88.2 ± 8.8°, contralateral leg 87.2 ± 8.2°; 
control indexed leg 92.3 ± 7.4°, contralateral leg 91.6 ± 7.6°), and 
greater hip adduction (JIA indexed leg mean ± SD – 8.4 ± 6.5°, 
contralateral leg – 5.2 ± 6.5°; control indexed leg – 9.5 ± 7.3°, con-
tralateral leg – 10.1 ± 7.7°) than their control peers (Table 4 and 
Figure 2). Participants with JIA displayed less knee flexion (JIA 
indexed leg mean ± SD – 92.6 ± 8.6°, contralateral leg – 92.6 ± 8.0°; 
control indexed leg – 100.6 ± 8.1°, contralateral leg – 100.7 ± 7.9°) 
and less ankle dorsiflexion (JIA indexed leg mean ± SD 32.2 ± 5.2°, 
contralateral leg 33.9 ± 4.4°; control indexed leg 35.5 ± 4.1°, con-
tralateral leg 35.7 ± 3.4°) than their control peers (Table 3 and 
Figure 2).

A significant effect of age was observed for maximum sagit-
tal plane knee joint angles (β = – 1.0°, P = 0.002), indicating that 
for every 1 year in increasing age there was a 1.0° increase in 
the knee flexion angle. Further, a significant effect of sex was 
observed for maximum sagittal plane ankle and hip joint angles 
(β = 2.3°, P = 0.006 and β = – 6.6°, P = 0.001, respectively). Here, 
female participants performed the VDJ with less ankle dorsiflexion 
(mean ± SD female 33.6 ± 4.5°, male 35.9 ± 4.0°) and with greater 

hip flexion (mean ± SD female 91.8 ± 7.7°, male 85.3 ± 7.5°). No 
further fixed effects met the criteria for a significant effect. However, 
effects with significance close to the 0.05 cutoff could be observed 
for age on frontal plane hip joint angles (β = – 0.5°, P = 0.057) and 
BMI on sagittal knee joint angles (β = 0.5°, P = 0.066). Assess-
ment of the random effect indicates that the variability explained 
by differences between pairs was low (1.68– 5) compared to the 
variability across participants (4.19), and matched pairs did not 
have a substantial effect on the outcomes.

Differences in maximum landing and push- off vGRFs 
between participants with JIA and their control peers did 
not meet criteria for a significant between- pairs difference 
(vGRFL JIA mean pair difference 0.074 body weight [98.75% CI 
– 0.109, 0.257]; vGRFP 0.011 body weight [98.75% CI – 0.079, 
0.101]). Despite the CIs of the support phase durations (– 0.049 
seconds [98.75% CI – 0.130, 0.031]) and flight phase dura-
tions (– 0.024 seconds [98.75% CI – 0.0558, 0.007]), including 
zero, the low value of the upper CI limits and comparatively 
higher value of the lower CI limits indicate that participants with 
JIA may have performed the VDJ with approximately 6– 7% 

Table 3. Multivariate model fixed effects outcomes (JIA– control)*

Outcomes and fixed 
effect β SE df t- value P

Ankle flexion/extension
Group – 2.64 0.79 493 – 3.36 0.001†
Leg 0.92 0.78 493 1.18 0.240
Age 0.12 0.17 493 0.72 0.471
Sex 2.31 0.84 493 2.74 0.006†
Body mass index 0.14 0.13 493 1.06 0.289

Knee flexion/extension
Group 7.53 1.48 493 5.10 0.000†
Leg – 0.09 1.46 493 – 0.06 0.949
Age – 1.01 0.32 493 – 3.15 0.002†
Sex – 1.21 1.58 493 – 0.77 0.443
Body mass index 0.46 0.25 493 1.84 0.066

Hip flexion/extension
Group – 4.04 1.39 493 – 2.90 0.004†
Leg – 0.79 1.38 493 – 0.58 0.565
Age 0.38 0.30 493 1.25 0.211
Sex – 6.56 1.49 493 – 4.39 0.000†
Body mass index – 0.18 0.23 493 – 0.79 0.431

Hip adduction/
abduction

Group 2.90 1.31 493 2.21 0.027†
Leg 1.32 1.30 493 1.02 0.308
Age – 0.54 0.28 493 – 1.91 0.057
Sex – 0.58 1.40 493 – 0.41 0.679
Body mass index – 0.07 0.22 493 – 0.31 0.754

Hip internal/external 
rotation

Group – 0.18 1.49 493 – 0.12 0.906
Leg 0.18 1.48 493 0.12 0.901
Age – 0.27 0.32 493 – 0.82 0.412
Sex – 0.97 1.60 493 – 0.61 0.545
Body mass index – 0.15 0.25 493 – 0.61 0.539

* β = between- group difference; df = degrees of freedom; JIA = 
juvenile idiopathic arthritis. 
† Statistically significant. 
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shorter support and flight phase durations (mean difference). 
These findings may indicate an overall reduced performance of 
the 2 phases of the VDJ.

DISCUSSION

The findings of this investigation provide further evidence of 
the presence of multijoint movement alterations in youth with JIA 
with knee joint involvement. Despite generally low disease activ-
ity, youth with JIA performed the VDJ task with a stiffer landing 

strategy than their healthy matched peers, indicating functional 
adaptations when performing high-impact movement tasks.

Youth with JIA had primarily oligoarticular (46.7%) and poly-
articular (46.7%) disease and appeared to have an effective dis-
ease management based on generally low scores for physician 
and parent assessments of disease activity, active joint count, 
joints with limited range of motion, and C-HAQ outcomes (Tables 
1 and 2). Disease management involved disease- modifying anti-
rheumatic drugs (71%), biologics (36%), and intraarticular steroid 
injections (32%) (Table 1). Despite low disease activity, marked 

Table 4. Joint angle and VDJ phase duration outcomes for youth with juvenile idiopathic arthritis (JIA) and their 
healthy (control) peers*

Outcome

Control JIA

Indexed Contralateral Indexed Contralateral
Maximum hip flexion, degrees 92.3 ± 7.4 91.6 ± 7.6 88.2 ± 8.8 87.2 ± 8.2
Hip add./abd. (50% support phase), degrees – 9.5 ± 7.3 – 10.1 ± 7.7 – 8.4 ± 6.5 – 5.2 ± 6.5
Hip int./ext. rotation (50% support phase), 

degrees
– 0.1 ± 5.8 3.0 ± 7.5 2.6 ± 9.4 – 0.2 ± 8.2

Maximum knee flexion, degrees – 100.6 ± 8.1 – 100.7 ± 7.9 – 92.6 ± 8.6 – 92.6 ± 8.0
Maximum ankle dorsiflexion, degrees 35.5 ± 4.1 35.7 ± 3.4 32.2 ± 5.2 33.9 ± 4.4
Support phase duration, seconds† 0.74 ± 0.14 0.69 ± 0.09
Flight phase duration, seconds† 0.44 ± 0.05 0.42 ± 0.05
Maximum vGRF landing, body weight† 1.34 ± 0.24 1.42 ± 0.27
Maximum vGRF push- off, body weight† 0.98 ± 0.13 0.99 ± 0.10

* Values are the mean ± SD. add. = adduction; abd. = abduction; ext. = external; int. = internal; VDJ = vertical drop jump;
vGRF = vertical ground reaction forces.
† Comparison between controls and JIA group, independent of indexed and contralateral leg. 

Figure 2. Joint kinematics angle time series of the indexed leg: hip (sagittal and frontal plane), knee (sagittal plane), and ankle (sagittal plane). 
Data for the support phase of the VDJ are presented for the indexed leg of healthy participants (control) in blue and youth with JIA in red. Positive 
angles represent hip flexion, hip adduction, knee extension, and ankle dorsiflexion. Shaded bands indicate the SD. AA = adduction/abduction; 
FE = flexion/extension; PD = plantarflexion/dorsiflexion.
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lower- extremity kinematics deviations were observed for the VDJ 
support phase. Youth with JIA maintained a more erect pos-
ture with bilateral reductions in hip and knee flexion, as well as 
reduced ankle joint dorsiflexion compared to their age-  and sex- 
matched peers (Tables 3 and 4 and Figure 2). The largest differ-
ences between individuals with and without JIA were observed 
at the knee, where youth with JIA had approximately 8° greater 
knee extension than their healthy peers (Table 4). Further, youth 
with JIA maintained approximately 4° greater hip extension and 
approximately 2– 3° greater ankle plantar flexion (Table 4).

Interestingly, these findings differed from those of Ford et al 
(12), who observed greater support phase hip and knee flexion 
angles for youth with JIA. Participants in these studies appeared 
to be similar with respect to age, JIA subtypes, and joint involve-
ment. However, differences in participant characteristics (e.g., 
physical activity and sports participation), clinical management 
(e.g., physical therapy), and measurement protocol (e.g., VDJ 
task instructions) may have contributed to differences in joint bio-
mechanics. Differences in task familiarity in particular could have 
a substantial effect on VDJ task performance. Notably, healthy 
participants in the study by Ford et al performed the VDJ with 
comparatively low hip and knee joint flexion angles (12), indicating 
that task familiarity and task instructions could be potential con-
tributors to the observed differences. Unfortunately, Ford et al did 
not report on the clinical management for participants with JIA, 
and no additional information related to participants or VDJ task 
performance criteria is available.

The findings of reduced sagittal plane joint angles are in line 
with a stiff landing strategy (22), which has been identified as a 
possible risk factor for knee ligament injury in female youth ath-
letes (20,21). Specifically, Leppänen et al identified a higher risk 
of knee ligament injury in female basketball and floorball play-
ers who landed with a more extended knee joint and lower hip 
flexion range of motion. Valgus collapse is frequently stated as a 
potential risk factor for knee ligament injury (34). The findings of 
this study appear to support the presence of risk factors associ-
ated with a knee valgus alignment. Youth with JIA performed the 
VDJ with greater hip adduction, with differences of approximately 
5° for the contralateral leg (Table 4). While the mechanisms and 
contributions of sagittal and frontal plane joint kinematics risk fac-
tors for knee injury continue to be debated, interventions aimed 
at increasing hip and knee flexion during landings have proven 
successful for injury prevention (35,36). Given that youth with JIA 
appear to experience similar at- risk kinematics, while experiencing 
similar vGRF loading profiles as their healthy peers (Table 4), injury 
prevention strategies may have a similar protective effect in youth 
with JIA.

Findings of a stiff landing strategy and approximately 
6– 7% longer support phase and shorter flight phase durations 
(Table 4) may be interpreted as a hesitation or unfamiliarity of 
youth with JIA to perform high- impact movement tasks. Given 
that jumping activities in youth with JIA are poorly tolerated when 

used as part of an exercise program (5), youth with JIA may 
limit their exposure to jumping tasks. When considering prefer-
ences for sports participation, no obvious differences between 
youth with and without JIA were observed (Figure 1). Unfortu-
nately, more detailed information on the duration of sports par-
ticipation was not reliably available for this cohort. Therefore, 
whether JIA affects total sports exposure is currently unknown 
(including coaching and training), which may affect strength 
and coordination and contribute to differences in task- specific 
biomechanics. When viewed from the perspective of generally 
increasing school sports participation (19), similar preferences for 
high- impact sports, in the presence of potential biomechanical 
risk factors, may indicate a greater injury risk in youth with JIA. 
Unfortunately, the associations between JIA and the risk of injury 
do not appear to be defined at this stage, limiting opportunities to 
inform intervention strategies.

Consideration of potential confounders in the statistical analy-
sis is essential in research involving children and youth populations. 
The findings of this research indicated significant effects of both 
age and sex across a number of joint angle outcomes. Specifi-
cally, older participants appeared to perform the VDJ with greater 
knee flexion angles (1°/1- year age increase in the knee flexion 
angle). These findings are in line with those by Gheller et al (37) 
and may reflect an attempt by older and likely stronger participants 
to achieve maximum jump height through greater thigh- trunk cou-
pling and resultant increased net impulse. Further, female partic-
ipants appeared to perform the VDJ with less ankle dorsiflexion 
and greater hip flexion. While the causes for such sex- specific dif-
ferences are unknown, they may be related to differences in joint 
coordination strategies to achieve maximum jump height.

This study focused on a subset of individuals with knee 
involvement at the time of testing. Therefore, the results of this 
study reflect a subgroup of the local clinical population only 
and may not be generalizable across individuals with JIA. Due to 
the inclusion of participants ages >18 years, the results relating 
with C-HAQ have to be viewed with caution. Given the limited 
sample size and generally low disease activity for this cohort, 
investigating associations between jump landing mechanics and 
disease activity is currently not possible. Further, soft tissue move-
ment artifact during high-impact movement tasks may influence 
joint angle outcomes, and frontal and transverse plane joint angles 
in particular have to be treated with caution.

Youth with JIA exhibited multijoint movement alterations in 
a VDJ task, despite seemingly effective clinical management. 
Based on existing evidence for the risk of knee joint injury 
associated with a stiff landing strategy, these findings inform 
targets for rehabilitation interventions to mitigate the risks of 
high impact movements by youth with JIA, such as school 
sports participation. This evidence informs future research 
regarding injury risk and the efficacy of physical therapy and 
exercise interventions to enable a safe return to physical activity 
for youth with JIA.
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Potential for Major Therapeutic Changes to Produce 
Significant Clinical Response Across a Broad Range of 
Disease Activity: An Observational Study of US Veterans 
With Rheumatoid Arthritis
Brian C. Sauer,1  Wei Chen,1 Jincheng Shen,1 Neil A. Accortt,2 David H. Collier,2 and Grant W. Cannon1

Objective. To examine the impact of major therapeutic change (MTC) on clinical response across a broad range 
of disease activity in US veterans with rheumatoid arthritis (RA).

Methods. This historical cohort analysis evaluated patient visits from the Veterans Affairs RA registry between 
January 1, 2006 and September 30, 2017. Eligible patient visits were a rheumatology visit with 3 disease activity 
measures, including the Disease Activity Score in 28 joints, the Clinical Disease Activity Index, and the Routine 
Assessment of Patient Index Data 3; the follow- up visit for all 3 disease activity measures was 2– 6 months later. 
The full population and a subset of patients with active disease (≥6 tender joints, ≥6 swollen joints) were evaluated. 
Clinical outcome was based on the American College of Rheumatology criteria for 20% improvement in disease 
activity (ACR20). The effect of MTC on ACR20 response was presented as crude descriptive statistics and evaluated 
using standardized regression for population-  and disease activity– level conditional effects.

Results. The full population comprised 1,208 patients (6,138 visits) and the active disease subpopulation included 
383 patients (1,109 visits). Overall, visits with MTC were associated with increased likelihood of ACR20 response 
across all disease activity measures for the full population. Risk ratios for overall risk of ACR20 response for visits with 
MTC versus those without MTC ranged from 1.67 to 2.22 across disease activity measures among the full population 
and from 1.51 to 1.60 for the subpopulation with active disease. 

Conclusion. MTC was associated with clinical improvement, even among patients with longstanding RA who had 
received multiple prior therapies, which emphasizes the utility of therapy modifications for patients with established 
and active RA.

INTRODUCTION

The 2015 American College of Rheumatology (ACR) guide-
lines (1) for the treatment of rheumatoid arthritis (RA) recommend 
the use of validated disease activity measures to guide disease- 
modifying antirheumatic drug (DMARD) treatment decisions. Spe-
cifically, patients with active RA (i.e., moderate- to- high disease 
activity) should be treated with DMARDs to achieve and sustain 
a prespecified target, which is often remission or low disease 
activity. This approach is referred to as the treat- to- target strategy. 
The evidence- based guidelines recommend adjusting treatment 
as needed to achieve treatment targets and maintain control of 

disease activity after treatment targets are obtained, with the goal 
to prevent long- term joint destruction. Studies have shown that 
the treat- to- target strategy lowers disease activity and reduces 
progressive joint damage when compared to routine care (2,3).

Rheumatologists at collaborating Veterans Affairs Rheu-
matoid Arthritis (VARA) registry sites collect and document core 
clinical measurements at each clinic visit that support calculation 
of multiple validated disease activity measures. The clinical mea-
sures include physician assessment of swollen and tender joint 
counts, provider global assessment, erythrocyte sedimentation 
rate (ESR), patient- reported pain score, patient global well- being 
score, and the Multidimensional Health Assessment Questionnaire 
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(4). Although providers are collecting and documenting core clin-
ical measures, many providers do not appear to be using an 
explicit treat- to- target strategy.

Our past work indicates that disease activity measures are 1 
component in the complex decision to initiate a major therapeu-
tic change (MTC) among patients with active RA (5,6). We found 
that more than half of the patients in the VARA registry with active 
RA did not receive an MTC within 90 days of their index visit (5). 
Review of the medical notes revealed that providers who were 
not initiating an MTC in patients with active RA often did not doc-
ument composite disease activity scores. Additionally, providers, 
and often patients, believed their disease was under control even 
though their Disease Activity Score in 28 joints (DAS28) indicated 
active RA. These results are consistent with qualitative interviews 
with practicing rheumatologists that suggested clinicians often 
rely on their understanding of a patient’s disease activity as a bet-
ter assessment of clinical status than a validated disease activ-
ity measure (7).

Disease activity measures were selected based on com-
mon clinical use and ability to be computed at point- of- care, and 
included the DAS28, the Clinical Disease Activity Index (CDAI), 
and the Routine Assessment of Patient Index Data 3 (RAPID3). 
The DAS28 is a widely used instrument in clinical trials (8) and 
is the VARA standard, but it requires assessment of the labora-
tory ESR value in relation to the visit and it may not reflect the 
patient’s status at the point of care if an ESR measurement is not 
scheduled with the visit. The CDAI incorporates objective provider 
clinical mea sures (tender and swollen joint counts) and patient and 
physician global assessments but does not include acute-phase 
reactant laboratory measures and can be calculated at the point- 
of- care to support targeted treatment strategies (9). The RAPID3 
is based on 3 patient- reported ACR RA core data set measures 
that include function, pain, and patient global assessment (10). 

These composite measures of RA disease activity were strongly 
correlated in clinical trials and clinical care and produced similar 
classification of patients into 4 disease activity levels (high, mod-
erate, low, and remission) (10). The RAPID3, however, tends to 
classify patients into higher disease activity categories (11), espe-
cially in populations with prevalent comorbidity, which may affect 
its utility as a measure to guide treatment decisions and monitor 
provider adherence to treat- to- target strategies.

The objectives of this study were to describe the relation-
ship between disease activity and MTC using the DAS28, CDAI, 
and RAPID3, and to describe the impact of MTC on clinical 
response, measured by the ACR criteria for 20% improvement 
in disease activity (ACR20 response) (12). For this analysis, we 
also selected a subpopulation of patients in the VARA registry that 
represented RA patients with active disease who would qualify 
for inclusion in a clinical trial based on their number of swollen 
and tender joints, and who would be expected to have treatment 
changes in a treat- to- target strategy with remission or low disease 
activity as the target. We also evaluated patients in the VARA reg-
istry across the full spectrum of disease severity.

PATIENTS AND METHODS

Population, data source, and study design. The study 
population comprised patients who are veterans enrolled in the 
VARA registry (4,13,14). The VARA registry is a prospective, obser-
vational registry involving 11 Veterans Affairs (VA) medical centers. 
Disease activity measure components are collected and docu-
mented during routine patient care using templated notes. The dis-
ease activity measures are extracted from medical notes (available 
in the VA Corporate Data Warehouse [CDW]) (15), using validated 
text extraction algorithms, or entered manually into the database.

The CDW was the primary data source used to construct 
patient histories. Key data domains included patient demographic 
characteristics, pharmacy, laboratory, outpatient diagnoses, and 
electronic medical notes. VARA enrollment data provided the patient 
demographic characteristics, disease history, and duration of RA. 
At a central laboratory for VARA patients, serologic status for rheu-
matoid factor (RF) and anti– cyclic citrullinated peptide antibodies 
(ACPA) were assayed on enrollment. When data were available from 
both the CDW and the VARA database, data from the CDW were 
compared to data from the VARA enrollment file; VARA data were 
used to correct CDW data when inconsistencies were identified. An 
additional chart review was performed to collect remaining missing 
data on patient demographic characteristics, biomarkers, and dis-
ease duration not identified in the CDW or VARA database.

We used a historical cohort design to compare clinical 
response between patient visits with and without an MTC. The unit 
of observation was eligible patient visits to a rheumatology clinic 
during the study period (January 1, 2006 to September 30, 2017). 
Key features of study design included a baseline mea surement 
period (18 months prior to the eligible visit) to measure covariates 

SIGNIFICANCE & INNOVATIONS
• The treat- to- target strategy has been shown to im-

prove clinical outcomes in patients with rheuma-
toid arthritis.

• The treat- to- target strategy requires implementa-
tion of major therapeutic changes (MTC) among 
patients who have not yet achieved the target of 
remission or low disease activity.

• We observed a clinical benefit (based on the Amer-
ican College of Rheumatology criteria for 20% im-
provement in disease activity) among patients with 
moderate- to- severe disease who received an MTC, 
even among patients who had longstanding dis-
ease and had received multiple prior therapies.

• The Routine Assessment of Patient Index Data 3 
measure appeared to overestimate disease activity 
in the full population and may have limited utility in 
a treat- to- target framework.
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and potential confounders; an exposure period (7 days prior to 30 
days after the eligible visit) to assess whether an MTC occurred 
or not. The 7- day previsit exposure period was selected to cap-
ture interventions that may have been taken immediately prior to 
the visit, (e.g., steroid dose escalation via telephone call or elec-
tronic message), and the 30- day postvisit period was selected to 
capture interventions that started at the visit. An outcome period 
(2– 6 months after the eligible visit) was used to determine whether 
the patient achieved an ACR20 response. The first visit during 
the outcome period with complete disease activity measure com-
ponents was included for analysis (see Supplementary Figure 1, 
available on the Arthritis Care & Research website at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24183/ abstract).

This study was approved by the University of Utah Institu-
tional Review Board, the VA Research Service, and the Scientific 
and Ethical Advisory Board of the VARA registry for analysis of 
VARA and VA health care data. All patients provided written con-
sent and authorization for use of health information upon enroll-
ment in the VARA registry.

Visit eligibility and patient exclusion criteria. The 
study population comprised eligible rheumatology visits that met 
the following criteria: 1) enrolled in the VARA registry; 2) ≥18 
years of age; 3) rheumatology visit with all components of dis-
ease activity measures (DAS28, CDAI, RAPID3); 4) ≥18 months 
of enrollment in the VA health care system prior to eligible visit; 
and 5) 2 rheumatology visits with documented DAS28 scores dur-
ing the 18- month baseline period that were ≥60 days apart from 
each other and ≥60 days before the eligible patient visit (in order 
to measure disease stability; additional criterion of follow- up visit 
with documented disease activity measure components between 
2 and 6 months after the eligible patient visit) (see Supplementary 
Figure 1, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24183/ abstract). 
Visits were excluded if they were followed by any surgical pro-
cedure within 90 days or any hospitalization within 30 days of 
the visit. Patients were excluded if they had active cancer, organ 
transplant, or diagnosis of other autoimmune disorders (e.g., sys-
temic lupus erythematosus).

This study consisted of a full population that met the eligi-
bility criteria, representing the spectrum of disease activity, and 
a subpopulation of patient visits with features of active disease 
and who were more likely to be indicated for an MTC based on 
disease activity scores. The same eligibility criteria that were used 
to establish the full population were implemented for the active 
disease subpopulation with 1 additional requirement for ≥6 tender 
joints and ≥6 swollen joints during the eligible visit.

Measurements. Exposure: MTC. An MTC was defined as 
any of the following occurring within the timeframe of 7 days 
before and 30 days after an eligible visit: 1) initiation of new 
DMARD (including switching agents within the same drug class) 

either as a new agent or after a 90- day gap following the last 
date of prior therapy; 2) escalation of DMARD dose by ≥25% 
unless preplanned because of initiation of therapy with meth-
otrexate, infliximab, or abatacept (preplanned defined as doc-
umented in the medication schedule or dose increased on the 
second dispensing event of a new treatment course); 3) initiation 
of prednisone (either as new agent or after 90- day gap in ther-
apy); 4) increase in monthly average prednisone dose by 25%; 
and/or 5) injection of ≥2 joints with corticosteroids.

Outcome: clinical improvement measured by ACR20 re-
sponse criteria. In order to achieve an ACR20 response, pa-
tients had to improve by 20% on both tender and swollen joint 
counts and experience 20% improvement in 3 ACR core dis-
ease activity measures (patient assessment of pain; patient 
global assessment of disease activity; physician global assess-
ment of disease activity; patient assessment of physical func-
tion; and acute- phase reactant value) (12). ACR20 response 
was selected to measure treatment effect because it is a val-
idated measure of clinical response in patients with RA. Using 
the ACR20 response as the clinical response measure across 
the 3 disease activity measures provides a measure that had 
demonstrated sensitivity to detect clinical response to treatment 
during a time window that is consistent with routine follow- up 
care (~3 months) (16,17). The first visit with complete set of 
clinical core measures that occurred within the outcome mea-
surement window (2– 6 months after visit) was used to account 
for variability in visit intervals and reduce the risk of expo-
sure misclassification.

Covariates: potential confounders between MTC and 
ACR20 response. The goal of covariate adjustment was to re-
move confounding between MTC and ACR20 response. Poten-
tial confounders were selected based on clinician background 
knowledge of patient and disease characteristics that may in-
fluence the decision to initiate an MTC. Potential confounders 
included demographic characteristics (age, sex, race [White or 
non- White]), duration of RA, disease activity, Rheumatic Disease 
Comorbidity Index (RDCI) score (18), disease stability over time 
before the index visit (5,19), baseline use of DMARDs, and an 
MTC within 90 days of the eligible visit. The disease stability cal-
culation was based on the European Alliance of Associations for 
Rheumatology (formerly European League Against Rheumatism) 
response criteria (20) and compared baseline DAS28 scores to 
index visit DAS28 scores. DAS28 reductions of ≥0.6 points were 
categorized as improved and increases of ≥0.6 points were cat-
egorized as worsening (5,19).

Disease activity level was thought to be the most important 
confounder because it establishes the indication for an MTC and 
is the strongest predictor of MTC in patients with active disease 
(5). We also believed that the level of disease activity would act 
as an effect modifier when including all patient visits meeting full 
population inclusion criteria, since RA patients with persistently 
high disease activity may not respond to treatment and patients in 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24183/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24183/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24183/abstract
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low disease or remission may not receive additional benefit from 
treatment modification.

Statistical analysis. Descriptive statistics included the 
number of observations and percentages for dichotomous var-
iables and number of observations, mean ± SDs, and 95% 
confidence intervals (95% CIs) for continuous vari ables. Crude 
(bivariate) associations between MTC and ACR20 response were 
represented by risk ratios with 95% CIs.

Standard definitions for disease activity levels (remission, 
low, moderate, high) for each disease activity measure were used 
(9,10,21) (see Supplementary Table 1, available on the Arthri-
tis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24183/ abstract). Descriptive analyses of MTC 
criteria were categorized as changes in oral prednisone (initiat-
ing medication, restarting medication after a gap, and/or increase 
in medication dose), intraarticular prednisone injections, changes 
in biologic DMARD (bDMARD), and changes in conventional syn-
thetic DMARD (csDMARD).

The effect of MTC on ACR20 response was presented as 
crude descriptive statistics and further evaluated using direct 
regression standardization (22– 25) for the population and disease 
activity level conditional effects. Since patient visits were correlated 
(multiple visits were analyzed per patient), we used the log bino-
mial population average generalized estimating equation model 
with exchangeable correlation structure (26) as the working model. 
We computed 95% CIs with 1,000 bootstrap samples (random 
sampling with replacement) (22). The working models were fit 
using patient age at visit, sex, race, ACPA status, RF status, dis-
ease duration, RDCI score, disease activity measure stability mea-
sure (worsening or not), csDMARDs and bDMARDs dispensed 
in the month prior to visit, and the baseline MTC (MTC during 
previous 90 days). An interaction term was used to estimate the 
stratum- specific effect of MTC by level of disease activity. The 
overall population- level effect averaged across the heterogeneous 
effects by level of disease activity.

We used quartiles to generate 4 disease activity catego-
ries in the active disease subpopulation, allowing us to evaluate 
stratum- specific effects at a more granular level, because most 
visits with remission/low disease were removed by subpopula-
tion criteria. The probability of ACR20 response was indepen-
dent of follow- up month when conditioning on MTC and level of 
disease activity; therefore, we did not model follow- up interval 
independently in our analysis. We were not able to fit baseline 
established medication exposure (dispensed in the previous 
year) for csDMARDs or bDMARDs in all models (across disease 
activity measures) because of a lack of variation in these mea-
sures; for this reason, they were not included in the final mod-
els. Software used for these analyses included Microsoft SQL 
server and SAS, version 9.4; Enterprise Guide, version 7.1, and 
Stata 14 were used to prepare data and conduct statistical 
analysis.

RESULTS

Study visits. Two study populations were evaluated. The 
full population comprised all patient visits meeting eligibility cri-
ter ia and included 1,208 patients with 6,138 eligible visits, and the 
active disease population included 383 patients with 1,109 eligible 
visits. The full population had 4,365 visits without an MTC and 
1,773 visits with an MTC, while the active disease population had 
589 visits without an MTC and 520 visits with an MTC.

Patient demographic and clinical characteristics. For 
the full population and the active disease population, patients were 
younger during visits with an MTC (mean ages 63.3 years [95% CI 
62.8– 63.8 years] and 62.5 years [95% CI 61.6– 63.4 years], respec-
tively) compared to visits without an MTC (mean ages 65.9 years 
[95% CI 65.6– 66.2 years] and 64.5 years [95% CI 63.6– 65.3 years], 
respectively) (Table 1). Patient visits with an MTC had shorter RA dis-
ease duration (mean 14.2 years [95% CI 13.6– 14.7 years] and 12.7 
years [95% CI 11.8– 13.7 years] for the full and active disease pop-
ulations, respectively) compared to patients visits without an MTC 
(mean 15.6 years [95% CI 15.2– 16.0 years] and 14.3 years [95% CI 
13.4– 15.1 years]). The percentage of male participants, White race, 
RF- positive status, ACPA- positive status, and disease stability were 
similar between visits with or without MTC for both study populations.

For the full and active disease populations, patient visits with 
MTC had a lower percentage of recent (within the past month) 
bDMARD- dispensing episodes (10.9% [95% CI 9.5– 12.5] and 
8.8% [95% CI 6.5– 11.6], respectively) compared to patient vis-
its without MTC (15.2% [95% CI 14.2– 16.3] and 16.5% [95% CI 
13.6– 19.7], respectively). Visits with MTC also had a lower per-
centage of established (within the past year) bDMARD- dispensing 
episodes (37.8% [95% CI 35.6– 40.1] and 36.5% [95% CI 32.4– 
40.8] for the full and active disease populations, respectively) 
compared to patient visits without MTC (44.7% [95% CI 43.3– 
46.2] and 54.7% [95% CI 50.5– 58.7] for the full and active disease 
populations, respectively). Baseline use of csDMARDs was similar 
to the use of bDMARDs; visits with MTC had lower percentages of 
active and established csDMARD- dispensing episodes compared 
to visits without MTC for both study populations (Table 1). Finally, 
visits with MTC had a lower percentage of MTC during the 90 
days prior to the eligible visit (11.3% [95% CI 9.9– 12.9] for the full 
population and 15.0% [95% CI 12.0– 18.4] for the active disease 
population) compared to visits without MTC during the previous 
90 days (16.1% [95% CI 15.0– 17.2] for the full population and 
28.2% [95% CI 24.6– 32.0] for the active disease population).

Classification of disease activity levels. In the full pop-
ulation, 65.2%, 63.1%, and 80.9% of visits were categorized 
as either moderate or high disease by the DAS28, CDAI, and 
RAPID3, respectively (Figure 1). In the active disease population, 
97.1%, 100%, and 93.9% of visits were categorized as moderate 
or high disease by the DAS28, CDAI, and RAPID3, respectively.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24183/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24183/abstract
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Description of types of MTC. The most common type of 
MTC across all disease activity measures and levels of disease 
activity was a change to csDMARD therapy (Table 2). For patient 
visits with remission or low disease activity, the second most 
common type of MTC was a change to oral prednisone, and for 
patients with moderate or high disease activity was a change to 
bDMARD therapy or to oral prednisone.

Description of MTC and frequency of ACR20 response. 
In a crude analysis describing the frequency of ACR20 responses 
by MTC, patient visits with remission or low disease activity were 
generally not associated with MTC, and as expected these visits 
with MTC had low rates of ACR20 responses (Table 3). Approx-
imately one- third of visits with high disease activity with MTC 
were associated with an ACR20 response (range 32.9– 36.9%) 

regardless of disease activity measure. Across all disease activ-
ity measures, the prevalence of ACR20 responses was higher in 
the active disease population than in the full population. Table 4 
provides the crude results for the active disease population using 
quartiles of the disease activity levels. MTC was generally asso-
ciated with an increased prevalence of ACR20 response across 
all strata, but not all strata- specific estimates met statistical 
significance.

Population and stratum- specific model- based effect 
of MTC on ACR20 response. In the population (overall) analy-
sis, a visit with MTC resulted in statistically significant increase of 
an ACR20 response across all disease activity measures for both 
populations (Table 5). The stratum- specific effects varied by dis-
ease activity measure and study population. In the full population, 

Figure 1. Distribution of disease activity levels by disease activity measure. Bars show the percentage of patients in disease activity levels 
of remission, low, moderate, or high for the full population and the active disease population. CDAI = Clinical Disease Activity Index; DAS28 = 
Disease Activity Score in 28 joints; RAPID3 = Routine Assessment of Patient Data 3.

Table 2. Type of MTC by disease activity measure and disease activity category*

Full population Active disease population

DAM 
category

Change in oral 
prednisone†

Prednisone 
injection

Change in 
bDMARD†

Change in 
csDMARD†

Change in oral 
prednisone†

Prednisone 
injection

Change in 
bDMARD†

Change in 
csDMARD†

DAS28
Remission 59 (4.8) 0 31 (2.5) 124 (10.1) 0 0 0 0
Low 56 (6.1) 3 (0.3) 23 (2.5) 122 (13.4) 2 (7.1) 0 0 6 (21.4)
Moderate 192 (7.0) 20 (0.7) 177 (6.5) 454 (16.6) 23 (6.9) 4 (1.2) 35 (10.4) 77 (23.1)
High 163 (12.8) 16 (1.3) 169 (13.3) 310 (24.4) 116 (15.6) 10 (1.4) 119 (16.0) 193 (26.0)

CDAI
Remission 23 (4.7) 0 12 (2.4) 48 (9.7) 0 0 0 0
Low 87 (4.9) 4 (0.2) 46 (2.6) 197 (11.1) 0 0 0 0
Moderate 168 (7.5) 16 (0.7) 121 (5.4) 369 (16.5) 3 (2.8) 0 6 (5.7) 17 (16.0)
High 192 (11.7) 19 (1.3) 221 (13.5) 396 (24.2) 138 (13.8) 14 (1.4) 148 (14.8) 259 (25.8)

RAPID3
Remission 22 (4.9) 1 (0.2) 11 (2.4) 61 (13.5) 0 0 0 4 (40.0)
Low 28 (3.9) 1 (0.1) 24 (3.3) 88 (12.2) 2 (3.5) 0 6 (10.3) 14 (24.1)
Moderate 116 (6.0) 5 (0.3) 83 (4.3) 281 (14.4) 30 (10.2) 0 29 (9.8) 52 (17.6)
High 304 (10.1) 32 (1.1) 282 (9.4) 580 (19.2) 109 (14.6) 14 (1.9) 119 (16.0) 206 (27.6)

* Values are the number (%). For full population, n = 6,138 visits; for active disease population, n = 1,109 visits. bDMARD = biologic disease- 
modifying antirheumatic drug; CDAI = Clinical Disease Activity Index; csDMARD = conventional synthetic DMARD; DAM = disease activity measure; 
DAS28 = Disease Activity Score in 28 joints; MTC = major therapeutic change; RAPID3 = Routine Assessment of Patient Index Data 3. 
† Changes included initiating medication, restarting medication after a gap, and/or change in medication dose. 
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MTC was strongly associated with ACR20 response in the moder-
ate and high categories of disease activity across all disease activ-
ity measures. In the active disease population, MTC consis tently 
showed improvements in ACR20 response, but not all strata risk 
ratios met statistical significance, which is likely due to the smaller 
sample size for the active disease population.

DISCUSSION

This study was performed to evaluate the effect of MTC on 
ACR20 response criteria across 3 disease activity measures and 
corresponding levels of disease activity in a real- world clinical prac-
tice environment. The goal was to estimate the potential for clinical 
improvement when initiating MTC for patients with active RA in 
a population that is typically seen in clinical practice. In addition, 
we evaluated a subgroup of patients with active disease to mimic 
a population of RA patients that would qualify for inclusion in a 
clinical trial. We chose ACR20 response criteria to standardize 
the outcome assessment across the 3 disease activity measures, 
and for this reason we did not specifically look at whether MTC 
resulted in achievement or sustainment of low disease activity or 
remission. The findings are intended to shed light on the poten-
tial benefit that may be anticipated when escalating treatment in 
patients with active RA and established disease; this is a popula-
tion that may not be considered for treatment modification. If the 
study had been conducted in a population that is typically enrolled 
in RA clinical trials (i.e., patients with shorter duration of RA and 
fewer prior treatments for RA), the ACR20 response rate likely 
would have been higher. Notably, many patients in our analysis still 

experienced clinical improvements despite longstanding disease 
and multiple prior therapies.

The present study showed that MTC resulted in consis-
tent ACR20 responses in the population analysis across all dis-
ease activity measures. Nevertheless, disease activity level was 
an effect modifier on the full population and, as expected, MTC 
only showed clinical benefits in patient visits with active RA. The 
analysis in the full population should be viewed with caution, as it 
is sensitive to the underlying distribution of disease activity in our 
population and the selection process; additionally, nuances in how 
VARA providers collect core clinical measures likely resulted in a 
larger fraction of our study population in active RA compared to the 
true VARA population. For example, we identified 65% of eligible 
visits as having active RA based on the DAS28 compared to 58% 
before applying the exclusion criteria. Although VARA providers 
are encouraged to collect core clinical measures for each RA visit, 
they have discretion in how they collect and record these mea-
sures. VARA providers have reported greater leniency in recording 
core measures for patients with consistently low disease activity 
(personal communication); this report is consistent with VARA data. 
We observed that for half of the visits with patients in remission/
low disease activity, there was a a follow- up visit with a recorded 
DAS28 within 168 days, while for half of the visits with patients 
in moderate/high disease activity there was a follow- up visits within 
116 days. Since the population estimate is sensitive to the distri-
bution of disease activity, the emphasis should be placed on the 
stratum- specific estimates in the full study population. In the active 
disease subpopulation, disease activity level did not appear to be a 
strong effect modifier, since the effect of MTC on ACR20 response 

Table 4. Crude descriptive analysis of the frequency of MTC and ACR20 response by disease activity quartiles 
in the active disease population*

Without MTC 
(589 visits)

With MTC 
(520 visits)

Frequency
ACR20 response 

frequency (%) Frequency
ACR20 response 

frequency (%) RR (95% CI)
Overall 589 100 (17.0) 520 174 (33.5) 2.0 (1.59– 2.45)
DAS28 quartiles

2.35– 4.87 178 22 (12.4) 100 24 (24.0) 1.9 (1.15– 3.28)
4.88– 5.60 166 25 (15.1) 111 35 (31.5) 2.1 (1.33– 3.30)
5.61– 6.29 139 26 (18.7) 138 40 (29.0) 1.5 (1.00– 2.39)
6.30– 8.76 106 27 (25.5) 171 75 (43.9) 1.7 (1.19– 2.49)

CDAI quartiles
14.7– 26.6 182 24 (13.2) 99 31 (31.3) 2.4 (1.48– 3.81)
26.7– 32.9 148 24 (16.2) 126 34 (27.0) 1.7 (1.04– 2.65)
33.0– 41.7 135 31 (23.0) 143 53 (37.1) 1.6 (1.11– 2.35)
41.9– 71.0 124 21 (16.9) 152 56 (36.8) 2.2 (1.40– 3.38)

RAPID3 quartiles
0.33– 3.61 183 28 (15.3) 95 21 (22.1) 1.4 (0.87– 2.40)
3.62– 4.99 153 26 (17.0) 124 47 (37.9) 2.2 (1.47– 3.38)
5.00– 6.28 143 23 (16.1) 134 39 (29.1) 1.8 (1.14– 2.86)
6.31– 9.55 110 23 (20.9) 167 67 (40.1) 1.9 (1.28– 2.89)

* Values are the number (%) unless indicated otherwise. For the active disease population, n = 1,109 visits. 95% CI 
= 95% confidence interval; ACR20 = American College of Rheumatology criteria for 20% improvement in disease 
activity; CDAI = Clinical Disease Activity Index; DAS28 = Disease Activity Score in 28 joints; MTC = major therapeutic 
change; RAPID3 = Routine Assessment of Patient Index Data 3; RR = risk ratio. 
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was fairly consistent across strata of disease activity quartiles; how-
ever, some levels did not reach statistical significance. This may be 
a result of the smaller sample size of this subset.

The RAPID3 has been reported to overestimate disease 
activity compared to the CDAI and the DAS28 (11). The RAPID3 
classified ~15% more patient visits as active RA than the other dis-
ease activity measures, indicating these visits for MTC in a treat- 
to- target framework. Furthermore, when restricting the analy sis 
to the active disease population, the RAPID3 classified ~6% of 
visits as remission or low disease activity. The effect estimates of 
MTC on ACR20 response were generally higher when classify-
ing disease activity levels by the RAPID3. Our results therefore 

suggest that the RAPID3 may be a less suitable measure to guide 
treatment in a treat- to- target framework than other disease activ-
ity measures, although our study was not specifically designed to 
address this issue. The CDAI and DAS28 more consistently clas-
sified patients into similar levels of disease severity and reported 
similar findings in the marginal and stratum- specific estimates of 
MTC on ACR20 response.

Patient visits without MTC were more likely to have had MTC 
in the previous 90 days and were also more likely to have had 
a bDMARD or csDMARD dispensed in the month prior to the 
eligible visit. These observations may explain the relatively high 
proportion of ACR20 response in the group that did not receive 

Table 5. Adjusted population (overall) and conditional (severity category) effects of MTC on 
risk of ACR20 response*

Visits with MTC,  
% ACR20 

response (95% CI)

Visits without MTC,  
% ACR20 response 

(95% CI) RR (95% CI)
Full population
DAS28 category

Overall effect 15 (13– 22) 8.5 (7.5– 10) 1.77 (1.51– 2.43)
Remission 1.1 (0.3– 2.6) 0.8 (0.3– 1.4) 1.36 (0.25– 4.04)
Low 2.4 (0.7– 4.8) 2.5 (1.6– 3.9) 0.96 (0.23– 2,43)
Moderate 16 (13– 19) 9 (7– 10) 1.81 (1.43– 2.25)
High 35 (32– 40) 19 (16– 23) 1.82 (1.52– 2.21)

CDAI category
Overall effect 17.4 (16.9– 18.7) 10.4 (10– 11.9) 1.67 (1.43– 1.91)
Remission NA NA NA
Low 1.8 (0.6–  3.4) 1.6 (1.0– 2.3) 1.12 (0.41– 2.50)
Moderate 17 (14– 20) 9 (8– 11) 1.89 (1.51– 2.46)
High 31 (27–  34) 19 (16– 23) 1.60 (1.34– 1.88)

RAPID3 category
Overall effect 17 (15– 19) 7.6 (6.7– 8.5) 2.22 (1.88– 2.57)
Remission 2.3 (0.5– 5.9) 1.8 (0.7– 3.3) 1.31 (0.27– 4.33)
Low 8 (4– 12) 4 (2– 5) 2.13 (1.01– 4.22)
Moderate 14 (11– 17) 6 (5– 8) 2.21 (1.60– 2.99)
High 23 (21– 26) 10 (9– 12) 2.25 (1.91– 2.68)

Active disease 
population

DAS28 quartile
Overall effect 34 (30– 39) 22 (18– 28) 1.52 (1.23– 1.92)
2.35– 4.87 25 (17– 34) 16 (10– 22) 1.59 (0.93– 2.49)
4.88– 5.60 33 (24– 43) 20 (14– 28) 1.64 (1.04– 2.51)
5.61– 6.29 30 (23– 38) 23 (16– 31) 1.30 (0.88– 1.98)
6.30– 8.76 48 (41– 59) 30 (22– 41) 1.57 (1.17– 2.35)

CDAI quartile
Overall effect 35 (31– 40) 23 (19– 31) 1.51 (1.18– 1.90)
14.7– 26.6 31 (22– 42) 15 (10– 21) 2.09 (1.28– 3.40)
26.7– 32.9 27 (20– 35) 22 (15– 32) 1.23 (0.83– 1.95)
33.0– 41.7 41 (34– 50) 30 (23– 40) 1.34 (1.03– 1.84)
41.9– 71.0 42 (35– 52) 26 (18– 39) 1.60 (1.14– 2.53)

RAPID3 category
Overall effect 34 (29– 38) 21 (18– 26) 1.60 (1.28– 2.00)
0.33– 3.61 22 (14– 31) 18 (12– 25) 1.23 (0.70– 1.96)
3.62– 4.99 39 (32– 50) 21 (15– 28) 1.86 (1.30– 2.66)
5.00– 6.28 31 (23– 39) 20 (14– 29) 1.53 (0.90– 2.38)
6.31– 9.55 43 (36– 51) 25 (17– 34) 1.69 (1.25– 2.66)

* For the full population, n = 1,208 patients (6,138 visits); for the active disease population, n 
= 383 patients (1,109 visits). 95% CI = 95% confidence interval; ACR20 = American College of 
Rheumatology criteria for 20% improvement in disease activity; CDAI = Clinical Disease Activity 
Index; DAS28 = Disease Activity Score in 28 joints; MTC = major therapeutic change; NA = not 
applicable; RAPID3 = Routine Assessment of Patient Index Data 3; RR = risk ratio. 
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an MTC on eligible visits, as these patients may be deemed to be 
still improving with the recent medication change. This highlights 
the time- varying nature of treatment decisions in a treat- to- target 
framework. We attempted to adjust for previous MTC, stability of 
disease activity, and DMARDs dispensed in the previous month 
but did not explicitly model the time- varying treatment process. 
Nevertheless, a recent study that explicitly modeled the relation-
ship between MTC and low disease activity status found that 
adjustments within 90 days of active RA resulted in shorter times 
to low disease activity status (6).

A strength of the study was the data source; the VARA 
registry represents a national data set of patients with 
rheumatologist- confirmed RA. The registry benefits from the use 
of a common medical record, consistent pharmacy data, and uni-
versal DMARD capture (27). There is consistent documentation of 
core clinical measures required to compute disease activity scores 
across the 3 validated disease activity measures evaluated in the 
present study. Notably, participants in the VARA registry represent 
the spectrum of RA disease activity, which allowed us to evalu-
ate the subset of patients with clinical features similar to subjects 
enrolled in clinical trials.

Since we modeled disease activity and MTC as a fixed 
exposure rather than a time- varying process, it is possible that 
some patient visits met criteria for active RA even though the 
patient may have been considered to have stable disease by their 
variation on disease activity. Further work is needed to better iden-
tify patients who are likely to respond to MTC because of per-
sistent active RA compared to patients who have fluctuations in 
disease activity status that represent stable disease even though 
they meet cri ter ia for active RA. We were unable to fit baseline 
established medication exposure for bDMARD or csDMARD in 
all models, so the line of therapy for each patient was unknown; 
this could affect response to the next medication. MTC criteria 
were selected as indicators of an intervention that could be inter-
preted objectively as a change in therapy rather than maintenance 
of a treatment program and does not attempt to model the ACR 
treat- to- target recommendations for established disease (1,28). 
Future work could determine the impact of specific treatment 
choices based on levels of disease activity using dynamic treat-
ment models. ACR20 response was chosen because it allowed 
us to compare response across the 3 disease activity measures. 
The results of this study indicate that MTC, as defined in this study, 
can invoke an initial clinical response in VARA patients with active 
RA who have established disease. This study does not provide 
information on whether MTC resulted in low disease activity or 
sustained response to treatment modification. Additional limita-
tions included the predominance of men and the long duration of 
RA; these results may not be applicable to the broader population 
of RA patients. Finally, the sample size of the subset of patients 
with active disease was small.

In summary, patients in the VARA registry with longstanding 
and active RA were still able to achieve clinical improvement with 

an MTC. These results support the use of the treat- to- target strat-
egy and provide a real- world framework for conducting observa-
tional studies that can mimic clinical trial populations. Given the 
known clinical benefits of the treat- to- target strategy for patients 
with RA, further studies to identify barriers and to enhance the use 
of this strategy are warranted.

ACKNOWLEDGMENTS

The authors thank Dr. Yi Zhang (Medical Technology and Practice 
Patterns Institute) for providing initial guidance and training on the use of 
direct standardization.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Dr. Sauer had full access to all of the data 
in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.
Study conception and design. Sauer, Chen, Accortt, Collier, Cannon.
Acquisition of data. Sauer, Cannon.
Analysis and interpretation of data. Sauer, Chen, Shen, Accortt, Collier, 
Cannon.

ROLE OF THE STUDY SPONSOR

Amgen authors collaborated in the study design, provided writing 
assistance for the manuscript, and reviewed and approved the manuscript 
prior to submission. The authors independently collected the data, 
interpreted the results, and had the final decision to submit the manuscript 
for publication. Writing assistance was provided by Dikran Toroser 
(formerly for Amgen) and Julia R. Gage (on behalf of Amgen). Publication 
of this article was not contingent upon approval by Amgen.

REFERENCES
 1. Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan 

MC, et al. 2015 American College of Rheumatology guideline 
for the treatment of rheumatoid arthritis. Arthritis Rheumatol 
2016;6– 8:126.

 2. Brinkmann GH, Norvang V, Norli ES, Grovle L, Haugen AJ, Lexberg 
AS, et al. Treat to target strategy in early rheumatoid arthritis versus 
routine care: a comparative clinical practice study. Semin Arthritis 
Rheum 2019;48:808– 14.

 3. Stoffer MA, Schoels MM, Smolen JS, Aletaha D, Breedveld FC, 
Burmester G, et al. Evidence for treating rheumatoid arthritis to tar-
get: results of a systematic literature search update. Ann Rheum Dis 
2016;75:16– 22.

 4. Mikuls TR, Fay BT, Michaud K, Sayles H, Thiele GM, Caplan L, 
et al. Associations of disease activity and treatments with mortal-
ity in men with rheumatoid arthritis: results from the VARA registry. 
Rheumatology (Oxford) 2011;50:101– 9.

 5. Stever JR, Cannon GW, Teng CC, Accortt NA, Collier DH, Sauer 
BC. Utility of administrative and clinical data to predict major 
change in medical treatment in US veterans enrolled in the Veterans 
Affairs Rheumatoid Arthritis (VARA) registry. Clin Exp Rheumatol 
2019;37:552– 60.

 6. Shaw Y, Chang CH, Levesque MC, Donohue JM, Michaud K, Roberts 
MS. Timing and impact of decisions to adjust disease- modifying 
antirheumatic drug therapy for rheumatoid arthritis patients with 
active disease. Arthritis Care Res (Hoboken) 2018;70:834– 41.

 7. Zak A, Corrigan C, Yu Z, Bitton A, Fraenkel L, Harrold L, et al. 
Barriers to treatment adjustment within a treat to target strategy in 



SAUER ET AL 974       |

rheumatoid arthritis: a secondary analysis of the TRACTION trial. 
Rheumatology (Oxford) 2018;57:1933– 7.

 8. DAS28: Radboud University Nijmegen Medical Centre; [March 21,
2018]. URL: https://www.das-score.nl/en/.

 9. Aletaha D, Smolen JS. The Simplified Disease Activity Index (SDAI)
and Clinical Disease Activity Index (CDAI) to monitor patients in stand-
ard clinical care. Best Pract Res Clin Rheumatol 2007;21:663– 75.

 10. Pincus T, Swearingen CJ, Bergman M, Yazici Y. RAPID3 (Routine
Assessment of Patient Index Data 3), a rheumatoid arthritis index
without formal joint counts for routine care: proposed severity cate-
gories compared to disease activity score and clinical disease activ-
ity index categories. J Rheumatol 2008;35:213647.

 11. Munoz JG, Giraldo RB, Santos AM, Bello- Gualteros JM, Rueda JC,
Saldarriaga EL, et al. Correlation between rapid- 3, DAS28, CDAI
and SDAI as a measure of disease activity in a cohort of Colombian
patients with rheumatoid arthritis. Clin Rheumatol 2017;36:1143– 8.

 12. Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D,
Goldsmith C, et al. American College of Rheumatology. Preliminary
definition of improvement in rheumatoid arthritis. Arthritis Rheum
1995;38:727– 35.

 13. Mikuls TR, Kazi S, Cipher D, Hooker R, Kerr GS, Richards JS, et al.
The association of race and ethnicity with disease expression in male 
US veterans with rheumatoid arthritis. J Rheumatol 2007;34:1480– 4.

 14. Mikuls TR, Reimold A, Kerr GS, Cannon GW. Insights and implica-
tions of the VA Rheumatoid Arthritis Registry. Federal Practitioner
2015;32:24– 9.

 15. Fihn SD, Francis J, Clancy C, Nielson C, Nelson K, Rumsfeld J,
et al. Insights from advanced analytics at the Veterans Health
Administration. Health Affairs 2014;33:1203– 11.

 16. Verhoeven AC, Boers M, van Der Linden S. Responsiveness of the
core set, response criteria, and utilities in early rheumatoid arthritis.
Ann Rheum Dis 2000;59:966– 74.

 17. Fisher MC, Collier DS. Rheumatoid arthritis stable follow up visits -  3
month vs 6 month intervals. ACR/ARHP Annual Meeting; November
14- 19; Boston, MA, 2014.

 18. England BR, Sayles H, Mikuls TR, Johnson DS, Michaud K.
Validation of the rheumatic disease comorbidity index. Arthritis Care
Res (Hoboken) 2015;67:865– 72.

 19. Miriovsky BJ, Michaud K, Thiele GM, O’Dell JR, Cannon GW, Kerr
G, et al. Anti- CCP antibody and rheumatoid factor concentrations
predict greater disease activity in men with rheumatoid arthritis. Ann
Rheum Dis 2010;69:1292– 7.

 20. Fransen J, van Riel PL. The disease activity score and the EULAR
response criteria. Clin Exp Rheumatol 2005;23 Suppl 39:S93– 9.

 21. Prevoo ML, van ’t Hof MA, Kuper HH, van Leeuwen MA, van de
Putte LB, van Riel PL. Modified disease activity scores that include
twenty- eight- joint counts. Development and validation in a prospec-
tive longitudinal study of patients with rheumatoid arthritis. Arthritis
Rheum 1995;38:44– 8.

 22. Snowden JM, Rose S, Mortimer KM. Implementation of
G- computation on a simulated data set: demonstration of a causal
inference technique. Am J Epidemiol 2011;173:731– 8.

 23. Robins J. A new approach to causal inference in mortality studies
with a sustained exposure period:  application to control of the healthy 
worker survivor effect. Mathematical Modelling 1986;7:1393– 512.

 24. Greenland S, Holland P. Estimating standardized risk differences
from odds ratios. Biometrics 1991;47:319– 22.

 25. Greenland S. Model- based estimation of relative risks and other epi-
demiologic measures in studies of common outcomes and in case- 
control studies. Am J Epidemiol 2004;160:301– 5.

 26. Liang K, Zeger SL. Longitudinal data analysis using generalized lin-
ear models. Biometrika 1986;73:13– 22.

 27. Schwab P, Sayles H, Bergman D, Cannon GW, Michaud K, Mikuls
TR, et al. Utilization of care outside the Veterans Affairs Health Care
System by US veterans with rheumatoid arthritis. Arthritis Care Res
(Hoboken) 2017;69:776– 82.

 28. Smolen JS, Aletaha D, Bijlsma JW, Breedveld FC, Boumpas D,
Burmester G, et al. Treating rheumatoid arthritis to target: recom-
mendations of an international task force. Ann Rheum Dis 2010;
69:631– 7.

https://www.das-score.nl/en/


975  

Arthritis Care & Research
Vol. 73, No. 7, July 2021, pp 975–982
DOI 10.1002/acr.24223
© 2020, American College of Rheumatology

Association of Rheumatoid Arthritis in Pregnancy With 
School Performance of Offspring: A Danish Nationwide 
Register- Based Study
Signe S. Knudsen,1  Julia F. Simard,2  Jakob Christensen,3 Thomas M. Laursen,4 Bent W. Deleuran,3 and 
Bodil H. Bech4

Objective. To examine the overall cognitive development of children exposed to maternal rheumatoid arthritis 
(RA) in utero by comparing their school test scores to those of their peers.

Methods. Children born in Denmark during 1995– 2008 and listed in the National School Test Register were 
included (n = 738,862). Children exposed to maternal RA were identified through linkage of national registers. In 
separate analyses, exposure was subdivided according to maternal serostatus. Preclinical maternal RA was included 
as a separate exposure. The Danish national school tests are mandatory standardized tests. Results from all reading 
tests (grades 2, 4, 6, and 8) and mathematics tests (grades 3 and 6) from 2010– 2017 were included. Test scores were 
compared according to maternal RA exposure for each test separately using linear regressions.

Results. We identified 934 children exposed to maternal RA in utero. There were no differences in reading 
test scores between maternal RA exposed and unexposed children. RA exposed children scored poorer in both 
mathematics tests (adjusted differences of mean score – 0.14 SD (95% confidence interval [95% CI] – 0.23, – 0.06) and 
– 0.16 SD (95% CI – 0.26, – 0.07). There was no appreciable difference between children by maternal RA serostatus.
Children exposed to preclinical RA (n = 589) showed the same pattern of performance as children exposed to RA.

Conclusion. RA- exposed children scored slightly poorer in mathematics tests but performed as well as their 
unexposed peers in the reading tests. The results do not suggest that RA in pregnancy has a major impact on 
offspring school performance.

INTRODUCTION

Rheumatoid arthritis (RA) is one of the most prevalent autoim-
mune rheumatic diseases affecting young women, and an increasing 
number of children are born to women with RA (1). RA in pregnancy 
is a risk factor for adverse pregnancy and child outcomes, such as 
preterm birth and low birth weight (2). Children born to women with 
RA also have higher risks of adverse neurodevelopmental outcomes 
in childhood; recent studies found that in utero exposure to mater-
nal RA was associated with increased risk of childhood epilepsy and 
autism spectrum disorders (3,4). Women with RA have raised levels 
of inflammatory cytokines and circulating autoantibodies (5), and 
they often receive medical treatment in pregnancy, factors poten-
tially affecting the growing fetus’ neurologic development. Increased 

risks of autism and learning disabilities have been reported among 
exposed offspring in other autoimmune rheumatic diseases (sys-
temic lupus erythematosus and antiphospholipid syndrome) (6– 9).

We therefore hypothesized that in utero exposure to maternal 
RA can affect children’s neurocognitive development as measured 
by school performance. In this study, the academic performance 
of children born to mothers with RA was assessed using Danish 
nationwide registers and results from the Danish national school 
tests (10– 13).

MATERIALS AND METHODS

Study population. All live- born, singleton children born 
in Denmark between January 1, 1995 and December 31, 2008 
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(n = 887,811) were identified from the Central Persons Register 
(14). Children who were deceased or had emigrated from Den-
mark before their eighth birthday, i.e., before the first school test, 
were excluded (n = 19,871), as well as children not listed in the 
Danish National School Test Register (DNT) (i.e., most children 
attending private schools or home schooled [n = 129,078]). The 
children were followed until December 31, 2017.

Maternal RA exposure. Data on maternal RA were col-
lected from the Danish National Patient Register (15), which con-
tains data on all inpatient visits since 1977 and outpatient visits 
since 1995 to Danish public hospitals. Diagnoses from each visit 
are recorded according to the International Classifications of Dis-
ease (ICD), using the eighth revision (ICD- 8) before 1995 and the 
tenth revision (ICD- 10) thereafter (16,17).

A child was considered exposed if the mother had been diag-
nosed with RA before the child’s date of birth and had at least 2 sep-
arate visits or hospitalizations with a diagnosis of RA (ICD- 8 codes 
71259, 71239, and 71219, and ICD- 10 codes M05 and M06). To 
assess possible effects of specific autoantibodies, maternal RA was 
also categorized into seropositive and seronegative RA on the basis 
of the mother’s most frequently coded ICD- 10 code (M05 or M06).

Exposure to maternal preclinical RA, defined as a diagnosis 
of RA within 3 years after the birth of the child, was also assessed. 
Paternal RA status before the child’s birth was assessed using a sim-
ilar strategy as for maternal RA. Exposure to paternal RA served as 
a negative control for the (psychosocial) effects of growing up with a 
chronically ill parent, without the intrauterine exposure to RA.

Danish national school tests. Mandatory tests were 
introduced in the Danish public school system in 2010, and 85% 
of Danish children attend public schools. These are standardized, 
adaptive tests based on a Rasch model, described in detail else-
where (10,18).

Reading tests are performed 4 times (in grades 2, 4, 6, and 
8), and mathematics tests twice (in grades 3 and 6). The reading 
tests contain 3 domains: language comprehension, decoding, 
and reading comprehension. Mathematics tests contain numbers 

and algebra, geometry, and mathematics in use. The test score is 
a measure of the child’s skill level in the subject, and reported on 
a logit scale (– 7; 7).

As the test scores for all tests followed normal distributions, 
the scores were standardized into Z scores, a measure of the 
relative position within the normal distribution of test results. Z 
scores have a mean value of 0, an SD of 1, and the units are SDs 
(i.e., a pupil who has a score of 0 is in the 50th percentile, and a 
pupil with a score of +1 is in the 84th percentile). Standardization 
was achieved by subtracting the mean and dividing by the SD for 
each specific test (subject/grade level/calendar year). Standardi-
zation makes it possible and appropriate to combine test results 
from multiple calendar years in the same analyses (18).

Exemptions from testing are given by teachers when it is con-
sidered meaningless or impossible for a child to perform a test. 
Reasons for exemption are recorded in the DNT in predefined 
categories, e.g., mental or physical impairment. Information on 
exemption was assessed according to exposure level to estimate 
the potential for selection bias caused by exemption.

Results from all 4 reading tests and both mathematics 
tests, from 2010 through 2017, were included, along with infor-
mation on exemption from testing. Test data were provided by 
the Danish Agency for Information Technology and Learning 
(http: //www.stil.dk).

Covariates. Information on maternal educational level,  
maternal nationality (country of origin), and parental cohabitation 
status came from Statistics Denmark (19). The Central Persons 
Register (14) provided information on maternal age, and the Med-
ical Birth Register provided information on maternal smoking in 
pregnancy as well as several birth outcomes (20). Information on 
children’s birth defects and psychiatric diagnoses were collected 
from the Danish National Patient Register and the Psychiatric Cen-
tral Register (21). Potential confounding covariates were chosen 
from a priori knowledge of the subject matter, incorporated into a 
directed acyclic graph of the study hypothesis (see Supplemen-
tary Figure 1, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24223/ abstract) 
(22). Few covariates were considered true potential confounders 
and included in the models. This was due to the timing of the main 
exposure; the intrauterine exposure to maternal disease precedes 
exposures in the upbringing, thus these subsequent exposures 
cannot be confounders.

Statistical analyses. Low levels of missing data were 
present in several covariates (Table 1). Missing data were handled 
by multiple imputations using the R package “mice” (23) and using 
a chained equations approach, generating 15 complete data sets.

Multivariable linear regression models were used to compare 
the test Z scores of children exposed to maternal RA to those of 
unexposed children for each test separately (i.e., by grade level 
and subject). Exposure was further divided based on maternal 

SIGNIFICANCE & INNOVATIONS
• Children born to mothers with rheumatoid arthritis 

(RA) perform worse in Danish standardized mathe-
matics tests on average than their peers.

• Children born to mothers with RA perform as well 
in Danish standardized reading tests as their peers.

• Children whose mothers have preclinical RA during 
pregnancy have a tendency to perform worse in Dan-
ish standardized mathematics tests than their peers.

• Children whose fathers have RA perform as well 
in Danish standardized reading and mathematics 
tests as their peers.

http://www.stil.dk
http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
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RA serostatus, and Z scores from children exposed to seroposi-
tive maternal RA and seronegative maternal RA were compared 
to those of unexposed children separately. Z scores from children 
exposed to maternal preclinical RA (i.e., diagnosed within 3 years 
after birth) were also compared to those of unexposed children.

Results are reported as mean Z score differences with 
95% confidence intervals (95% CIs), adjusted for maternal 
age, educational level, country of origin, and smoking in preg-
nancy. We accounted for dependence between siblings by 

clustering on maternal ID (using the “miceadds” package in R) 
(24). Bonferroni- corrected P values were calculated for all main 
analyses to account for multiple testing.

Nested mixed- effects models were used for analyzing Z 
scores from all grades and calendar years as repeated measure-
ments, with Z scores nested within child and children within moth-
ers, thus allowing for random effects at the child and mother levels, 
and performed separately for reading and mathematics (25).

Stratified analyses were performed, first stratifying by sex 
to assess possible differences between RA- exposed boys and 
girls, secondly on birth– year categories to evaluate time trends. Z 
scores from children exposed to paternal RA were compared to 
those of children unexposed to paternal RA using linear regres-
sion models, adjusted for the same factors as the main analyses.

To account for the potential selection bias inherent to the 
design, an inverse probability weighted model was fitted. A pre-
diction model for “no school test result” was built using data from 
all singleton children born in Denmark between 1995 and 2008 
(n = 887,811), including birth year, maternal education, age, smok-
ing in pregnancy, nationality, parity, paternal nationality, family socio-
economic status, and any psychiatric referral of the child. Based on 
this prediction model, weights were calculated and applied to linear 
regression models for each test, inversely weighting each child’s 
score by the likelihood of that child not having a test result. We also 
calculated adjusted odds ratios for being exempt from testing due 
to mental or physical impairment (as recorded by teachers in the 
DNT) to determine if risk of exemption was associated with expo-
sure status, thus potentially leading to selection bias.

Data were collected and hosted at Statistics Denmark’s serv-
ers. Owing to the privacy protection rules of Statistics Denmark, any 
values from an individual person or any calculated means based on 
<5 individuals cannot be reported. The study was approved by the 
Danish Data Protection Agency under Aarhus University comment 
agreement (j. number 2015- 57- 0002) and by Aarhus University  
(j. number 2016- 051- 000001, sequential number 737). All statistical  
analyses and graphs were made using R (26).

RESULTS

The final study population consisted of 738,862 children 
(i.e., all singleton children born in Denmark between 1995 and 
2008 and listed in the DNT). A comparison of the final study 
population to the excluded children is provided in Supplemen-
tary Table 1, available on the Arthritis Care & Research web-
site at http://online libr ary.wiley.com/doi/10.1002/acr.24223/ 
abstract. In total, 18% of children exposed to maternal RA 
were excluded due to not being listed in the DNT versus 
15% of the unexposed children. Within the study popula-
tion, 1.5% of children exposed to maternal RA were either 
exempt from testing or illegitimately missing (thus having no 
outcome measurement) versus 1.4% among unexposed chil-
dren. The odds ratio for exemption specifically due to mental 

Table 1. Descriptive characteristics of 738,862 singleton children 
born in Denmark during 1995– 2008 who were listed in the register 
for Danish National Tests, according to maternal rheumatoid arthritis 
(RA) at birth*

Child/parental 
characteristics

No maternal RA  
(n = 737,928)

Maternal RA 
(n = 934)

Sex
Male 379,177 (51) 491 (53)
Female 358,751 (49) 443 (47)

Birth year
1995– 1999 264,337 (36) 247 (26)
2000– 2003 218,611 (30) 241 (26)
2004– 2008 254,980 (35) 446 (48)

Maternal age
Age, mean ± SD years 30.01 ± 4.78 31.48 ± 4.67

Smoking in pregnancy
Nonsmoker 447,651 (61) 636 (68)
Smoker 99,027 (13) 109 (12)
Missing 191,250 (26) 189 (20)

Child order
First born 318,252 (43) 407 (44)
Second child or more 419,676 (57) 527 (56)

Maternal education
≤9 years 153,760 (21) 183 (20)
10– 14 years 358,451 (49) 416 (45)
≥15 years 208,149 (28) 324 (35)
Missing 17,568 (2) 11 (1)

Maternal nationality
Danish 651,566 (88) 884 (95)
Other nationality 86,362 (12) 50 (5)

Maternal civil status
Single 87,608 (12) 109 (12)

School tests
Never tested 10,453 (1) 14 (1)

Birth variables
BW, mean ± SD gm 3,535.6 ± 563.5 3,453.0 ± 603.2
BW <2,500 gm 24,778 (3) 44 (5)
BW, missing 6,330 (0.8) ≤5
GA, mean ± SD days 278.5 ± 12.6 276.4 ± 14.2
GA <37 weeks 36,044 (5) 62 (7)
GA, missing 5,354 (0.7) ≤5

Child diagnoses
Malformations/

chromosomal 
abnormalities†

80,441 (10.9) 133 (14.2)

Any psychiatric 
diagnosis‡

95,163 (12.9) 123 (13.2)

* Values are the number (%) unless indicated otherwise. BW = birth 
weight; GA = gestational age. 
† Defined as any Q diagnosis in the International Statistical Clas
sification of Diseases and Related Health Problems, Tenth Revision 
(ICD 10). 
‡ Defined as any F diagnosis in the ICD 10. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
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or physical disability (as stated by a teacher in the DNT) was 
0.9 (95% CI 0.6, 1.4) for children exposed to maternal RA 
when adjusting for maternal age, education, nationality, and 
smoking in pregnancy compared to unexposed children.

In total, 934 (0.1%) children in our study population were 
born to mothers with RA. Mothers with RA were slightly older, 
had slightly longer education, were less likely to smoke during 

pregnancy, and more likely to be born in Denmark than mothers 
without RA (Table 1).

There was little difference in the unadjusted Z scores of 
children exposed to maternal RA compared to those of unex-
posed children; for all tests, see Supplementary Figure 2, 
available on the Arthritis Care & Research website at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24223/ abstract. 

Table 2. Results of Danish national school tests for 738,862 children from 2010– 2017 by exposure to maternal 
rheumatoid arthritis (RA) in utero*

Test
Unexposed, 

no.

Exposed to maternal RA

No. Crude Adjusted† P P‡
Reading 2nd grade 394,979 592 0.06 (– 0.02, 0.14) –0.01 (– 0.09, 0.08)§ 0.88 1.00
Reading 4th grade 394,662 498 0.04 (– 0.05, 0.12) – 0.03 (– 0.12, 0.06)§ 0.51 1.00
Reading 6th grade 390,741 437 – 0.03 (– 0.12, 0.08) – 0.08 (– 0.17, 0.02)§ 0.12 0.723
Reading 8th grade 355,796 351 0.06 (– 0.04, 0.16) – 0.03 (– 0.08, 0.12)§ 0.62 1.000
Math 3rd grade 395,804 546 – 0.08 (– 0.17, – 0.00) – 0.14 (– 0.23, – 0.06)§ 0.001 0.006
Math 6th grade 390,015¶ 431¶ – 0.12 (– 0.22, – 0.03)¶ – 0.16 (– 0.26, – 0.07)¶ 0.001¶ 0.003

* Values are the mean Z score difference (95% confidence interval) unless indicated otherwise. 
† Adjusted for maternal age, maternal educational level, maternal nationality, and smoking in pregnancy. 
‡ Bonferroni adjusted. 
§ Mean Z score difference significant. 
¶ Significant. 

Figure 1. Adjusted differences of mean test scores in Danish national school tests by exposure to maternal seropositive rheumatoid arthritis 
(RA) or seronegative RA among 738,862 Danish children. Reference group was unexposed children (broken line). Adjusted for maternal age, 
maternal educational level, maternal nationality, and smoking in pregnancy. Diamonds represent the mean Z score difference. Error bars indicate 
the 95% confidence interval.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
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Adjustment for confounders did not appreciably change the 
interpretation for the reading tests; maternal RA was not asso-
ciated with performance in any reading test (Table 2). However, 
adjusted analysis of the 2 mathematics tests found that mater-
nal RA was associated with a poorer performance, with a 
difference of – 0.14 SD (95% CI – 0.23, – 0.06) and – 0.16 SD 
(95% CI – 0.26, – 0.07) for third and sixth grade, respectively 
(Table 2). Results did not change when combining the tests for 
all grade levels in mixed- effects models (adjusted differences 
for reading were 0.01 SD [95% CI – 0.05, 0.08] and for mathe-
matics – 0.12 SD [95% CI – 0.19, – 0.05]).

When further classifying maternal RA into seropositive and 
seronegative RA, we found 397 children exposed to seropositive 
RA and 537 exposed to seronegative RA. Overall, no difference 
was observed between children exposed to seropositive RA and 
seronegative RA, although there was a trend toward children 
of mothers with seronegative RA performing worse in reading 
tests (Figure 1).

Among 589 children exposed to preclinical RA, we found a 
similar but attenuated pattern of test performance as for those 
exposed to maternal RA (Figure 2). There was no clear association 

between exposure to paternal RA and school test performance 
in any of the tests (see Supplementary Figure 3, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24223/ abstract) (n = 424).

We found similar results for boys and girls in the analyses 
stratified by sex (see Supplementary Figure 4, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24223/ abstract). Stratification by birth year 
categories did not change results (data not shown). The results 
from the inverse probability weighted analysis were consistent 
with the main results (see Supplementary Table 2, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24223/ abstract).

DISCUSSION

Danish children exposed to maternal RA performed similarly 
to their unexposed peers in standardized Danish reading tests but 
performed worse than their peers in mathematics tests regardless 
of maternal RA serostatus. However, the size of the difference was 
small, suggesting that the differences found may have little clinical 

Figure 2. Adjusted differences of mean test scores in Danish national school tests by exposure to maternal rheumatoid arthritis (RA) or 
preclinical RA among 738,862 Danish children. Reference group was unexposed children (broken line). Adjusted for maternal age, maternal 
educational level, maternal nationality, and smoking in pregnancy. Diamonds represent the mean Z score difference. Error bars indicate the 95% 
confidence interval.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24223/abstract
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importance. On the percentile scale, the difference was roughly 
equivalent to the difference from the 50th percentile to the 45th 
percentile.

The children exposed to preclinical maternal RA likewise 
seemed to perform poorer in mathematics tests; however, the 
results were less clear, likely due to the smaller sample size. Expo-
sure to paternal RA, which should not in itself influence the intra-
uterine environment, was not associated with poorer performance 
in either reading or mathematics tests. We found no indication of 
significant bias due to selection.

Very few other studies have assessed the long- term develop-
ment of children exposed to maternal RA. In 2 other Danish 
population- based studies, Rom et al found a higher risk of child-
hood epilepsy and autism spectrum disorders in children exposed 
to maternal RA (3,27). The elevated risk of adverse neurodevelop-
mental outcomes did not seem to be explained by prematurity 
or low birth weight, suggesting that maternal RA may affect the 
intrauterine neurologic development of the growing fetus.

In a systematic review, Wojcik et al also found indications of 
higher risk of autism among children exposed to maternal RA; 
however, not all studies included supported this (28). No studies 
on neurocognitive development, IQ, or academic performance of 
children exposed to maternal RA were found.

In the current study, children exposed to maternal RA per-
formed poorer on mathematics tests than their peers. This suggests 
a possible intrauterine effect on the child from either disease activ-
ity or medications or psychosocial effects in upbringing. The fact 
that children exposed to preclinical RA showed the same pattern 
of performance as children exposed to maternal RA suggests that 
intrauterine exposure to antirheumatic medications is not the main 
factor affecting mathematical performance, as women with pre-
clinical RA are unlikely to receive any antirheumatic medication 
during pregnancy. Inflammatory cytokines and autoantibodies are 
known to precede manifest disease by several years (29), and the 
results may indicate that preclinical RA activity can affect the fetus in 
utero. However, given that these mothers were all diagnosed within 
the first 3 years of the child’s life, potential biologic effects cannot 
readily be distinguished from the possible psychosocial effects of 
growing up with a chronically ill mother. We also cannot rule out 
that some preclinical RA patients already had symptoms causing 
them to take medications such as nonsteroidal antiinflammatory 
drugs and acetaminophen during pregnancy. Acetaminophen use 
in pregnancy especially has been associated with moderately lower 
IQ scores among 5 year- old children (30). Potential effects of pre-
scription or over- the- counter medications warrants further inves-
tigations. If the association between preclinical maternal RA and 
school performance is an effect of growing up with a chronically 
ill parent, we might expect similar associations among children 
whose fathers have RA; however, that was not the case.

Previous studies have shown that Danish national test 
scores are strong predictors of final exam grades (10), which 
are in turn predictors of future education and income (31). IQ 

levels have been reported to be the strongest predictor of test 
scores in standardized school tests in international settings 
(32– 34). However, this association has not been studied spe-
cifically for the Danish national tests, and any inference from 
test scores to psychometrics such as IQ levels must be made 
with caution. In a series of studies from Norway and Sweden, 
investigators found that another intrauterine exposure (radia-
tion in the first trimester) was only associated with lower scores 
in mathematics tests, not in language tests, and also with lower 
scores in IQ tests and other neuropsychological tests (35– 37). 
This might suggest that mathematics tests are more indicative 
of IQ levels than reading tests, but further research is needed 
to explore this.

This large, population- based study included >900 children 
exposed to RA from Danish national registers. The completeness 
and quality of the data are generally high (38). Several studies have 
validated the RA diagnoses in the Danish National Patient Regis-
ter (39– 41). Recently, the positive predictive value of a first ever 
hospital coding of an RA diagnosis was found to be ~70% among 
individuals <50 years of age (41). To further improve specificity, we 
required a minimum of 2 hospital contacts.

There was a risk of selection bias, as the study design 
inherently conditions on children having a measure of the out-
come (i.e., being listed in the DNT). Approximately 15% of 
Danish children do not attend public schools and are not sub-
jected to mandatory testing. The proportion of children exposed 
to maternal RA was roughly the same among children in the 
DNT as children not in the DNT. Also, the children exposed 
to maternal RA were no more likely to be exempt from test-
ing due to mental or physical impairment, suggesting that they 
were no more prone to experience conditions that would result 
in exemption. Further, when we used inverse probability weight-
ing to take potential sources for selection bias into account, we 
found the same results.

Another potential limitation of this study is the uncertainty 
of the outcome measurement, i.e., the test scores themselves. 
As for any test, any individual result might reflect more than just 
the student’s skill, including factors such as motivation and con-
centration. However, although the test scores are uncertain at the 
individual level, they should be robust enough for comparison of 
large groups, as in the present study.

Unknown or residual confounding cannot be ruled out; 
however, we were able to include the potential confounders that 
we deemed most relevant to the association between maternal 
RA in utero and later school performance in offspring. No data 
were available on alcohol consumption in pregnancy; alcohol 
is a known risk factor for adverse cognition in offspring, but we 
adjusted for smoking and educational level, and may thereby indi-
rectly have adjusted for other lifestyle factors and risk behaviors 
including alcohol.

The Danish national school tests are only used in Denmark; 
however, it is unlikely that Danish children exposed to maternal RA 
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are affected differently than children in other countries adhering to 
similar guidelines regarding care and treatment in pregnancy. We 
believe that the findings of this study are generalizable to other 
(high- income) populations.

In conclusion, children exposed to maternal RA in utero did 
not perform worse in Danish national reading tests when com-
pared to their unexposed peers. However, a minor difference was 
found in mathematics tests, and further studies should focus on 
the importance of this finding in children exposed to RA. Overall, 
it is positive that there appear to be very little differences in the 
performance of children exposed to maternal RA and those unex-
posed, and no indications of major harmful effects from exposure 
to maternal RA were found.
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Precision Medicine With Leflunomide: Consideration 
of the DHODH Haplotype and Plasma Teriflunomide 
Concentration and Modification of Outcomes in Patients 
With Rheumatoid Arthritis
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Objective. Leflunomide is a commonly used disease- modifying drug in the treatment of rheumatoid arthritis (RA). 
Its effects are mediated via inhibition of dihydroorotate dehydrogenase (DHODH) by its active metabolite teriflunomide, 
and the pharmacokinetics of teriflunomide are highly variable. Our objective was to examine the association between 
the DHODH haplotype and plasma teriflunomide concentration with response to leflunomide in patients with RA 
where leflunomide was added to an existing disease- modifying drug regimen after failure to achieve an adequate 
response with conventional triple therapy.

Methods. Patients with RA who were taking, or were about to initiate, leflunomide were included. Participant 
characteristics, including the DHODH haplotype, were determined. Up to 5 plasma samples were collected after 
leflunomide was initiated for assays of total and free teriflunomide concentration. Disease activity was determined 
via the 28- joint Disease Activity Score (DAS28). The association between DAS28 scores and patient covariates was 
determined by linear mixed- effects modeling.

Results. A total of 67 patients were included in the study. The DAS28 score after initiation of leflunomide was 
associated with the baseline DAS28 score (β = 0.70, P < 0.001) and was higher in those who carried the DHODH 
haplotype 2 (β = 0.56. P = 0.01) and did not carry the shared epitope (β = 0.56, P = 0.013). As total and free plasma 
teriflunomide concentration increased, the DAS28 score was significantly lower (P < 0.001 and P = 0.001, respectively). 
When considering threshold concentrations, teriflunomide concentrations >16 mg/liter were associated with a DAS28 
score that was 0.33 lower, and when free teriflunomide concentration was >35 µg/liter, the DAS28 score was 0.32 lower.

Conclusion. Teriflunomide concentration and carriage of the DHODH haplotype 2 are associated with response 
to leflunomide in patients with RA, and a total plasma teriflunomide concentration of at least 16 mg/liter is needed to 
maximize the likelihood of response.

INTRODUCTION

Rheumatoid arthritis (RA) is a potentially disabling form 
of arthritis associated with erosive joint destruction and sub-
sequent deformity, pain, and increased mortality. Early refer-
ral and introduction of disease- modifying antirheumatic drugs 

(DMARDs) along with tight disease control using compos-
ite measures of disease activity and appropriate intensification 
of DMARDs (the treat- to- target approach) is the most effective 
treatment strategy, because rapid abrogation of inflammation is 
associated with long- term joint preservation and reduced dis-
ability (1– 3).
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A common first- line treatment option is single- agent metho-
trexate, but this treatment fails to achieve an adequate response 
in up to 85% of patients (4). In this setting, addition of a biologic 
DMARD (bDMARD) is advocated, particularly in individuals with 
poor prognostic features and high baseline disease activity (5,6). 
However, for patients who do not fall into this category, those 
where the cost of bDMARDs is prohibitive, or where methotrexate 
is contraindicated, addition of a second or alternative conventional 
synthetic DMARD (csDMARD) such as leflunomide is a common 
treatment strategy.

The therapeutic effects of leflunomide are mediated by its 
active metabolite teriflunomide, which is formed via both spon-
taneous conversion in blood and by hepatic metabolism via 
cytochrome P450 enzymes (CYP) 1A2 and 2C19 (7,8). Terifluno-
mide inhibits dihydroorotate dehydrogenase (DHODH), which 
reduces pyrimidine formation and therefore DNA synthesis in 
T  lymphocytes, thereby decreasing their proliferation (9). Terifluno-
mide is highly bound to plasma protein (99.8%) (10) and has a 
half- life of 15 days (11). The lengthy half- life is likely due to entero-
hepatic recycling via ABCG2 transporter- mediated efflux into bile 
and reabsorption from the gastrointestinal tract (12).

Pharmacogenomic studies have shown that teriflunomide 
concentration is related to carriage of CYP2C19*2 (13), ABCG2 
C421A genotype (14), and the CYP1A2*1F allele (15), while ces-
sation of leflunomide due to toxicity is related to carriage of the 
CYP1A2*1F allele (16,17), the CYP2C19 phenotype (18), and 
the DHODH genotype (19). Small studies have suggested that 
efficacy is related to the DHODH genotype (19) and haplotype 
(20). A concentration- efficacy relationship between total plasma 
teriflunomide concentration and selected disease activity metrics 

has been observed previously, although in each of these studies, 
leflunomide was used as a single agent in long- standing disease, 
response criteria were inconsistent, and the concentration associ-
ated with improved response varied between studies (13,21– 23).  
None of these studies assessed the relationship between out-
comes and concentration of free teriflunomide, the minor but bio-
logically active fraction of plasma teriflunomide.

The aim of the current study was to determine, in a cohort 
of patients who were taking leflunomide after failure of csDMARD 
combination therapy, including methotrexate, the association 
between the DHODH haplotype and total and free plasma teri-
flunomide concentration with RA disease activity.

PATIENTS AND METHODS

Study population. Subjects enrolled in the RA inception 
cohort at the Royal Adelaide Hospital were eligible for inclusion 
in this study. At entry to the cohort, all participants were age 
>18 years with DMARD- naive RA, according to 2010 American 
College of Rheumatology criteria (24). RA was treated accord-
ing to a previously published treat- to- target protocol, in which 
patients were initiated on triple csDMARD therapy (methotrexate, 
sulfasalazine, and hydroxychloroquine) (25). In those whose RA 
failed to respond to optimal dosing of triple therapy, leflunomide 
was added. When this study commenced, there were 2 groups 
of such patients: those who were already taking leflunomide and 
those who were yet to initiate leflunomide.

Data collection and follow- up. The following information 
was collected at entry to the cohort: sex, ethnicity, shared epitope 
and anti– citrullinated protein antibody (ACPA) and rheumatoid fac-
tor titers, age, height, weight, smoking status, and the dose of 
all DMARDs at the time of leflunomide initiation. The 28 swollen 
and tender joint count, patient assessment of disease activity (10- 
cm visual analog scale), and erythrocyte sedimentation rate were 
used to calculate the 28- joint Disease Activity Score (DAS28) (26).

Plasma samples were collected for determination of free and 
total teriflunomide concentrations. For subjects recruited into the 
study at the time of leflunomide initiation, samples were taken at 
up to 5 clinic visits, whereas for participants already taking lefluno-
mide at recruitment, samples were taken at 2 consecutive clinic 
visits. The intent with this design was to obtain multiple samples 
from each participant and to achieve steady- state teriflunomide 
concentration at least once (steady state was assumed if the 
same leflunomide dose was taken for at least 8 weeks). At these 
plasma sample collection visits, the DAS28 score, leflunomide 
dose, and usage of other DMARDs were recorded.

Laboratory methods. Single-nucleotide polymorphism 
(SNP) genotypes for DHODH (rs3213422, rs3213423, rs2878404, 
rs8046916, rs11864453, and rs2288002) were determined 
using validated TaqMan SNP genotyping assays, carried out in 

SIGNIFICANCE & INNOVATIONS
• After consideration of conventional patient fac-

tors such as age, seropositivity, and carriage of the 
shared epitope, response to leflunomide was asso-
ciated with a patient’s DHODH haplotype and plas-
ma teriflunomide concentration.

• When considered in multivariate analysis, non-
carriers of the DHODH haplotype 2 had a 28- joint 
Disease Activity Score (DAS28) that was 0.65 lower 
compared to carriers, and those with a plasma teri-
flunomide concentration >16 mg/liter had a DAS28 
score that was 0.33 lower compared to those with 
concentrations below this threshold.

• The DHODH haplotype could be determined prior
to disease- modifying antirheumatic drug selection 
as a method to identify patients more likely to ben-
efit from leflunomide treatment. Once treatment 
has started, teriflunomide concentration should be 
measured to ensure that it is >16 mg/liter, which 
can inform decisions on whether to adjust the le-
flunomide dose when there is inadequate initial re-
sponse or if it should be ceased due to futility.
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accordance with the manufacturer’s instructions, and carriage of 
the DHODH haplotype 2 was determined as previously described 
(20). The total and unbound plasma concentration of teriflunomide 
was determined via liquid chromatograph– tandem mass spec-
trometry as previously described (10).

Statistical analysis. Analysis was performed to investigate 
the relationship between covariates and RA disease activity in 
response to leflunomide. Participants were included in the analy-
sis if they had disease activity (as measured by the DAS28 score) 
determined at the commencement of leflunomide and at least 
once when a sample was taken to determine plasma terifluno-
mide concentration. Participants were excluded if they had a his-
tory of bDMARD usage (current or previous) and were withdrawn if 
leflunomide was ceased due to toxicity or if another DMARD was 
added due to active disease.

Correlations were represented with a Pearson’s correla-
tion coefficient (r2) and 2- sided significance, represented by the 
P value. For analysis of the association between covariates and 
DAS28 scores, linear mixed- effects modeling was conducted that 
allowed for multiple observations per participant. Univariate anal-
ysis was initially conducted, and multivariate analysis was then 
performed via stepwise forward inclusion of variables, maintaining 
a P value less than 0.05. Since the baseline DAS28 score was so 
strongly associated with later measurements of DAS28 scores, 
the association between other variables was considered after 
baseline DAS28 scores were included in the model. Associations 
with teriflunomide concentration were represented by the effect 
size (β coefficient) and the statistical significance of the associa-
tion (P value). For analysis of concentration cut points, at each of 
the observed concentrations, the data were dichotomized (into at 
or above the specified concentration or below the concentration), 
which were included in the linear mixed- effects model, and the 
effect size (with 95% confidence interval [95% CI]) was calculated. 
To determine whether a threshold effect was apparent, the effect 
size (and 95% CI) at each threshold was plotted against the total 
and free plasma teriflunomide concentrations. The threshold con-
centration associated with response was identified as the lowest 
concentration at which the entire 95% CI was associated with 
a reduction in disease activity. All statistical analyses were con-
ducted using Microsoft Excel and Stata, version 14.2.

Ethics approval. Patients gave informed written consent 
for inclusion in the study, and ethics approval was obtained from 
the Human Research Ethics Committees of the Royal Adelaide 
Hospital and the University of South Australia.

RESULTS

A total of 67 patients, comprising 30 newly initiated patients 
and 37 patients who had been taking leflunomide prior to study 
entry, were included. At the time of leflunomide initiation, median 

disease activity was moderate, and approximately 60% of patients 
were taking concurrent triple csDMARD therapy (Table 1). Newly 
initiated and existing patients provided an average of 3.3 and 1.7 
observations, respectively, for a total of 163 observations. Approx-
imately 83% of observations occurred within a year of initiating 
leflunomide.

Of the 67 participants, 56 had ≥1 teriflunomide concentra-
tion that could be considered steady state. At the time of the first 
steady- state concentration, the average leflunomide dose was 
15 mg/day, and the median steady- state total and free terifluno-
mide concentrations, respectively, were 19.3 mg/liter (inter quartile 
range [IQR] 13.3– 32.0) and 40.5 µg/liter (IQR 27.3– 69.0). The 
total and free concentrations were closely correlated (r2 = 0.874, 
P < 0.0001). There was a weak association between leflunomide 
dose and free (r2 = 0.1066, P = 0.014) and total (r2 = 0.0997, 
P = 0.0178) teriflunomide concentration (Figure 1).

Univariate analysis indicated that the DAS28 score after ini-
tiation of leflunomide (DAS28lef) was positively correlated with the 
DAS28 score at the start of leflunomide treatment (DAS28baseline) 
(β = 0.73, P < 0.001). After this effect was accounted for, DAS28lef 
was negatively correlated with the duration of DMARD treat-
ment and was higher in those who carried the DHODH haplo-
type 2, were concurrently using methotrexate, and did not carry 
the shared epitope (see Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24236/ abstract). No association was found with 
the duration of treatment with leflunomide (P = 0.19). Multivariate 
analysis demonstrated that DAS28lef was positively correlated with 
DAS28baseline (β = 0.70, P < 0.001), and DAS28lef was higher in 

Table 1. Baseline participant characteristic (n = 67)*

Characteristic Value
Age, median (IQR) years 53.0 (44.3– 61.1)
Female 70.1
Height, median (IQR) cm 166 (160– 173)
Weight, median (IQR) kg 73.3 (63.6– 92.5)
Body mass index, median (IQR) 26.3 (23.3– 29.1)
Caucasian ethnicity (n = 64) 82.8
History of smoking 44.8
Current smoker 26.9
ACPA positive (n = 63) 58.7
Rheumatoid factor positive (n = 64) 68.8
Shared epitope positive (n = 62) 67.7
DAS28 score, median (IQR) 4.2 (3.4– 5.2)
DMARD treatment duration, 

median (IQR) weeks
88 (44– 253)

Taking concurrent methotrexate 88.1
Taking concurrent sulfasalazine 71.6
Taking concurrent 

hydroxychloroquine
82.1

Taking concurrent triple therapy 59.7
Carrier of DHODH haplotype 2 59.7

* Values are the percentage unless indicated otherwise. ACPA = 
anti– citrullinated protein antibody; DAS28 = 28- joint Disease Activity 
Score; DMARD = disease- modifying antirheumatic drug; IQR = 
interquartile range. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24236/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24236/abstract
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those who carried the DHODH haplotype 2 (β = 0.56, P = 0.01) 
and did not carry the shared epitope (β = 0.56, P = 0.013).

When added to this model, the leflunomide dose was not 
associated with DAS28lef (β = 0.02 [95% CI – 0.006, 0.046], 
P = 0.126), but there was a significant association of DAS28lef 
with total plasma teriflunomide concentration (β = – 0.014 [95% 
CI – 0.007, – 0.021], P < 0.001) and free plasma teriflunomide 
concentration (β = – 0.006 [95% CI – 0.002, – 0.009], P = 0.001). 
Sensitivity analysis that considered only steady- state total and 
free plasma teriflunomide concentrations (the participant was tak-
ing the same leflunomide for ≥8 weeks) showed similar associa-
tions with DAS28lef (see Supplementary Table 2, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24236/ abstract). These findings suggest that if 
total plasma teriflunomide concentration was to increase from 20 
to 40 mg/liter, DAS28lef would be 0.28 lower, and if free plasma 
teriflunomide concentration was to increase from 40 to 80 µg/liter, 
DAS28lef would be 0.24 lower.

Every observed total and free teriflunomide concentration 
was investigated as a cut point, and all cut points for total teri-
flunomide concentration >16 mg/liter resulted in a significant rela-
tionship with DAS28lef (Figure 2). Above this cut point, DAS28lef 
was at least 0.33 lower, and if the cut point was increased to 35  
mg/liter, DAS28lef was at least 0.56 lower. Of note, 47% and 80% 

of all observations had total teriflunomide concentrations below 
16 and 35 mg/liter, respectively. Similarly, if a cut point for free 
teriflunomide concentration above 35 µg/liter was used, a signifi-
cantly lower DAS28lef was always observed, whereby the DAS28lef 
was at least 0.32 lower. Furthermore, at cut points above 60 µg/
liter, DAS28lef was improved by at least 0.5 compared to those 
patients who had a concentration <60 µg/liter. A total of 48% and 
76% of all observations included free teriflunomide concentrations 
below 35 and 60 µg/liter, respectively.

DISCUSSION

The principal finding of this study is that both the DHODH hap-
lotype 2 and teriflunomide plasma concentration (total and free) are 
associated with response to leflunomide in patients with RA that is 
refractory to treat- to- target therapy with combination csDMARDs. 
These associations were statistically significant after accounting for 
the effect of baseline disease activity and shared epitope positivity. 
The duration of treatment with leflunomide and a number of var-
iables that are traditionally associated with response to DMARDs 
(e.g., seropositivity, tobacco smoking, sex) were not associated 
with DAS28lef. Individuals who did not carry the DHODH haplotype 
2 had a DAS28 score 0.65 lower than carriers, and the DAS28 
score was at least 0.32 lower in those with total and unbound 

Figure 1. Total (A) and free (B) teriflunomide concentrations according to daily leflunomide dose. Circles represent individual participants.

Figure 2. The association between the 28- joint Disease Activity Score (DAS28) after initiation of leflunomide (DAS28lef) and various total (A) 
and free (B) teriflunomide concentration thresholds. At each observed concentration, data were dichotomized into at or above the concentration 
specified on the x- axis or below the concentration specified on the x- axis and included in a linear mixed- effects model. The y- axis represents the 
β coefficient, describing the effect size associated with concentrations at or above the specified threshold compared to concentrations below 
the threshold, with lower values indicating a greater reduction in DAS28lef relative to DAS28baseline scores. Black lines represent the estimated β 
coefficient, and shading indicates the 95% confidence interval.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24236/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24236/abstract
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plasma teriflunomide concentration above 16 mg/liter and 35 
µg/liter, respectively. While the effect size describing the associ-
ation between plasma teriflunomide concentration and response 
is modest, greater reductions in DAS28 scores were seen in indi-
viduals with higher plasma teriflunomide concentrations.

These findings suggest that patients with RA may be pro-
spectively identified as being more (or less) likely to respond to 
treatment with leflunomide by considering the DHODH haplotype 
2 carriage. The magnitude of effect in carriers compared to non-
carriers is more than half the minimum clinically important improve-
ment in DAS28 (27). This fact is particularly relevant, because we 
have previously reported no association between carriage of the 
DHODH haplotype 2 and leflunomide toxicity (17). The association 
that we have described between the DHODH haplotype 2 and 
DAS28lef is consistent with our prior report (20). The current study 
is substantially larger and is unique in that only time points where 
plasma teriflunomide concentration was measured were included 
in the analysis, and thus a comprehensive analysis of potential 
covariates was conducted.

Determining whether plasma teriflunomide concentration is 
above a proposed threshold could be useful in individuals who are 
taking leflunomide but have not experienced a satisfactory treat-
ment response. This determination may be useful for a relatively 
large proportion of patients who take leflunomide, because in 
our cohort the first steady- state teriflunomide plasma concentra-
tions were below this threshold in approximately 40% of patients. 
Leflunomide dose was only weakly associated with total and free 
teriflunomide concentration, and adherence to leflunomide ther-
apy in these individuals was not determined. It is therefore unclear 
whether interventions to improve adherence or the use of pre-
viously defined genetic factors (such as carriage of CYP2C19*2 
[13], ABCG2 C421A genotype [14], and the CYP1A2*1F allele 
[15]) would be more effective for selection of personalized doses 
of leflunomide that are more likely to achieve the threshold con-
centration. Equally important, plasma teriflunomide concentra-
tions can help guide decisions on cessation of leflunomide due to 
futility. In patients who are responding well to leflunomide and are 
not experiencing toxicity but have a plasma teriflunomide concen-
tration above the proposed threshold, our findings do not support 
reducing the leflunomide dose, because the observed reduc-
tion in DAS28 score increased further as the concentration rose 
even more above the proposed threshold (Figure 2).

To the best of our knowledge, this is the first study that has 
examined the effect of free teriflunomide concentration on disease 
activity in patients with RA who are taking leflunomide. Although 
we hypothesized that the free concentration would be more 
strongly associated with outcome than the total plasma terifluno-
mide concentration, both total and free plasma teriflunomide 
concentration were similarly related to DAS28lef, which is likely 
due to the close relationship between total and free plasma teri-
flunomide concentration. Thus, the additional effort (and expense) 
needed to measure free concentration is unnecessary, and 

targeting a minimum total plasma teriflunomide concentration of 16  
mg/liter is appropriate.

The current study has a number of important differences 
compared with the 4 prior studies that investigated a relation-
ship between the concentration of teriflunomide in plasma and 
RA disease activity. The previous studies reported an association 
between a single concentration of teriflunomide and disease activ-
ity, and all but 1 were cross- sectional in design, whereas the cur-
rent study was partly prospective, including data from the initiation 
of leflunomide in 45% of participants, and used up to 5 terifluno-
mide concentrations per patient. Cross- sectional study designs, 
particularly those that include patients who have received lefluno-
mide for a long period of time, are limited because the cohort has 
become progressively enriched for those who are both responsive 
to and tolerant of leflunomide. This situation may bias the findings.

All prior studies were conducted in patients who were taking 
leflunomide as monotherapy and were conducted prior to com-
mon use of treat- to- target strategies, whereas in our study all par-
ticipants took leflunomide in combination with other csDMARDs, 
and a treat- to- target strategy was employed. In 2 of the prior stud-
ies, only 1 or 2 markers were associated with teriflunomide con-
centration (i.e., C- reactive protein level in 1 study [13] and swollen 
joint count and the Short Form 36 health survey mental summary 
score in another [22]), whereas many other disease activity mark-
ers were not, and therefore multiple hypothesis testing may have 
contributed to the positive findings. Van Roon et al found that 
European Alliance of Associations for Rheumatology response 
criteria, but not DAS28, were associated with teriflunomide con-
centration (23), and Weber described an association between 
steady- state teriflunomide concentration and a Paulus response 
(21). While neither of these studies conducted multivariate analy-
sis, both of these measures of response notably consider baseline 
disease activity when designating a patient as a responder, and 
our analysis found that DAS28baseline was strongly associated with 
DAS28lef. Regardless, the total teriflunomide threshold concentra-
tion that we identified (16 mg/liter) was identical to that which was 
determined by van Roon et al (23), and similar to that determined 
by Weber (9) (13 mg/liter) (21).

In the current study, leflunomide was used in a contempo-
rary manner according to treat- to- target principles (25). Therefore, 
the findings are likely to be relevant to clinical practice. However, 
our study did have some weaknesses. The results of our study 
represent associations rather than causality; for example, adher-
ence to leflunomide was not assessed, and there is a possibility 
of confounding, because adherence is a behavior that extends 
beyond taking tablets and could result in both higher plasma 
teriflunomide concentrations and improved disease control via 
improved self- efficacy strategies and implementation of nonphar-
macologic management strategies (28). Only 45% of participants 
were recruited at initiation of leflunomide, and thus the remain-
ing 55% may have been enriched for responders to leflunomide 
when there was a substantial period since commencement of the 
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drug. Recruiting patients who had taken leflunomide for a period 
of time may distort observed concentration- effect relationships. 
For example, patients with difficult- to- treat disease are more likely 
to require dose increases (and therefore they will have higher con-
centrations), whereas patients with highly responsive disease are 
less likely to require dose escalation, and therefore have lower 
plasma drug concentrations. Concentration- effect relationships 
are most likely to be apparent if patients are recruited shortly after 
leflunomide initiation (i.e., prior to commencement or at the time a 
first dose increase is scheduled).

In the current study >80% of samples were taken within 
12 months of leflunomide initiation, and because no relation-
ship of response to leflunomide treatment duration was appar-
ent, any such effect appears to have been minimal. Furthermore, 
the statistical model assumes that any changes in teriflunomide 
concentration lead to an immediate change in disease activity, 
whereas more probably a lag to the observed treatment effect 
occurs after teriflunomide concentrations change. While this lag 
is likely to be most pronounced shortly after drug initiation or a 
change in dose, most patients provided multiple samples with 
a minimum of 3 weeks between sample collection, and so this 
effect should be minimized. Furthermore, analysis that included 
only samples that were at steady state showed a similar asso-
ciation between plasma teriflunomide concentration and disease 
activity.

While these findings suggest a more precise approach to 
leflunomide therapy, responses with leflunomide according to the 
DHODH haplotype 2 and teriflunomide concentration should be 
assessed in a prospective clinical trial, for example using the algo-
rithm outlined in Figure 3. Such investigations could compare the 
efficacy of leflunomide in DHODH haplotype 2 noncarriers with 
bDMARDs in DHODH haplotype 2 carriers, and if the responses are 
similar, cost- effectiveness analysis could be conducted to determine 
cost savings that could be realized with widespread implementa-
tion. Furthermore, a prospective evaluation should be conducted 
to determine whether patients below the proposed concentra-
tion threshold will benefit from dose increases. A complementary 
approach may be to investigate the feasibility of selecting a per-
sonalized initial leflunomide dose to increase the likelihood of rapidly 
achieving the threshold concentration, and/or to examine lefluno-
mide response and toxicity when teriflunomide concentrations 
are measured shortly after initiating leflunomide and doses are mod-
ified so that threshold concentrations are achieved more frequently 
and more rapidly.

In conclusion, our findings suggest that responses to lefluno-
mide, as measured by the DAS28 score, can be predicted by 
considering baseline disease activity, shared epitope status, and 
carriage of the DHODH haplotype 2, and that further reduc-
tions may be realized by ensuring that all patients achieve a mini-
mum total plasma teriflunomide concentration of 16 mg/liter.

Figure 3. Potential predictive algorithm demonstrating the use of the dihydroorotate dehydrogenase (DHODH) haplotype status to select 
leflunomide or biologic disease- modifying antirheumatic drugs (bDMARDs) and for the use of plasma teriflunomide concentration to optimize 
response in patients for whom leflunomide treatment has been started.
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Relationship Between Pain and Sedentary Behavior in 
Rheumatoid Arthritis Patients: A Cross- Sectional Study
Helen O’Leary,1 Louise Larkin,2 Gráinne M. Murphy,3 and Karen Quinn3

Objective. Despite the known benefits of physical activity, high numbers of individuals with rheumatoid arthritis 
(RA) remain physically inactive and sedentary. Little is known about the determinants of sedentary behavior (SB) in 
RA. This cross- sectional study was undertaken to examine a range of pain characteristics and RA- related symptoms 
and their relationship with objectively measured SB.

Methods. In total, 76 adults with RA wore an activPAL4 accelerometer (PAL Technologies) over a 7- day period. 
Pain characteristics (pain intensity, painful joint count, nonarticular pain), fatigue, sleep, depression, anxiety, and 
disease activity were assessed. Analyses were first conducted to evaluate correlations with sedentary time. The 
independent contribution of pain characteristics to variation in SB was analyzed with multivariable linear regression 
(adjusted for demographic data and disease activity).

Results. Participants with valid accelerometer data (n = 72) spent a mean ± SD of 533.7 ± 100.1 minutes/day in 
SB. Positive associations with daily SB were found for pain intensity (r = 0.31, P < 0.01) and number of painful joints 
(r = 0.24, P < 0.05) but not nonarticular pain. In multivariable analyses, pain characteristics were not independently 
associated with SB. Analyses indicated that disease activity had an indirect association with SB mediated by pain 
intensity. Other correlates of daily SB included anxiety and depression but not fatigue or sleep.

Conclusion. Results suggest that while pain and other RA- related factors do play a role in SB, they do not appear 
to have a significant influence after accounting for other variables. Future research should investigate SB and the role 
of factors unrelated to the symptoms of RA.

INTRODUCTION

Sedentary behavior (SB) is associated with poor health out-
comes, including mortality, diabetes mellitus, and cardiovascular 
events in the general population (1). SB is defined as any waking 
behavior characterized by an energy expenditure of ≤1.5 met-
abolic equivalents and a sitting or reclining posture (e.g., televi-
sion viewing, computer use, reading, and driving) (2). Evidence is 
emerging about the consequences of excessive sedentary time 
in the rheumatoid arthritis (RA) population, with indications that 
SB has a negative effect on patients’ health (3). RA is a chronic, 
autoimmune, inflammatory condition that affects 0.5% of the adult 
population worldwide and affects 3 times more women than men 
(4). People with RA experience pain, stiffness, fatigue, and disabil-
ity and are also at higher risk of cardiovascular and cerebrovascular 
disease compared to the general population due to the underlying 
inflammatory nature of the condition (5). Thus, the adverse conse-
quences of excessive SB are likely to be even greater in individuals 

with RA, where SB has been reported to be ~10 hours per day 
(6), compared to an average of 8.7 hours for adults in the gen-
eral population (7). Targeting individuals who spend the majority of 
their waking day in SB may have significant health benefits over 
and above those for the average population (8).

The majority of individuals with RA are physically inactive (9), 
having low aerobic capacity, and spending less time in vigorous 
activity compared to controls (10). Recent evidence suggests 
that SB and physical inactivity are separate constructs. Data on 
the factors that contribute to SB in individuals with RA are lim-
ited. However, the wider literature shows that the presence of 
RA- related symptoms, such as pain, stiffness, and fatigue, exert 
an important influence on daily activity levels (11,12). These clin-
ical symptoms have been suggested as a potential explanation 
for more SB and less physical activity in individuals with RA (13). 
Pain is a key symptom in patients with RA and is a central compo-
nent of diagnosis. Physical activity is known to alleviate symptoms 
of RA; a Cochrane review on exercise in RA has suggested that 
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it can bring about moderate pain reductions (14). Furthermore, 
preliminary evidence indicates that reducing SB can achieve a 
reduction in pain levels in this population (8).

In order to address SB, a better understanding of how pain 
and other RA symptoms such as fatigue, sleep disturbance, and 
disease activity are related to SB is needed. Exploring related 
clinical factors could help target this behavior and enhance the 
delivery of focused and effective interventions for SB in patients 
with RA. To date, only 1 other study has explored the relationship 
between pain and SB in RA. Greene et al (15) focused exclu-
sively on pain intensity and employed a self- report method of 
SB measurement. Such subjective measurements are known to 
be at risk of measurement bias due to misreporting and recall 
bias (1,16). Objective measurement of SB using accelerome-
ters has become more feasible and affordable and, importantly, 
is more rigorous and addresses some of the limitations of self- 
report methods (1). Accelerometers are small, lightweight devices 
that record data on movement patterns continuously over several 
days (16).

No previous study in RA has investigated a range of patient- 
reported outcomes and has employed an objective measurement 
of SB. Thus, the aim of this study was to investigate the asso-
ciation between objectively measured SB and clinical pain char-
acteristics and other patient- reported outcomes in RA, including 
sleep, fatigue, and mood. As the primary outcome measure, pain 
was explored under the dimensions of pain intensity, number of 
painful joints, and the presence of widespread pain. In addition 
to the primary aims, we also explored the extent to which pain 
intensity mediated the effect of disease activity on SB.

PATIENTS AND METHODS

Study design and participants. Potentially eligible par-
ticipants for this cross- sectional study were identified consecu-
tively from rheumatology clinics in a large acute public hospital 
serving a mix of urban and rural populations. Eligible participants 
were required to fulfill the following criteria: a diagnosis of RA by a 
rheumatologist according to the American College of Rheumatol-
ogy criteria (17); age ≥18 and ≤80 years; ability to mobilize inde-
pendently or aided by a stick; and ability to understand written 
and spoken English. Excluded participants had unstable disease 
(significant medication changes in past 3 months), a comorbid-
ity interfering with their capacity to be physically active, recent 
surgery (in preceding 3 months), or were pregnant. Participating 
patients attended the rheumatology clinic, where a clinical assess-
ment was carried out, questionnaires were completed, and an 
activPAL4 activity monitor (PAL Technologies) was fitted. Two clin-
ical specialist physical therapists (HOL and KQ) undertook data 
collection between April and November 2018. Ethics approval 
was obtained from the Clinical Research Ethics Committee of 
the Cork Teaching Hospitals. All participants were provided with 
written and oral information about the research and gave written 
informed consent prior to study enrollment.

Clinical assessment. Demographic data on age, sex, dis-
ease duration, and medication were recorded. Body mass index 
(BMI) was calculated from height and weight measurements (kg/
m2). Participants’ average arthritis pain intensity in the past week 
was quantified using the visual analog scale (VAS) pain scale 
(range 0– 10 cm), which is reliable in patients with RA (18). The 
distribution of nonarticular pain was measured using the Wide-
spread Pain Index (WPI), which assesses pain in 19 specific body 
areas (score range 0– 19) (19). The distribution of joint pain was 
quantified using the joint score (range 0– 48) from the Rheumatoid 
Arthritis Disease Activity Index (RADAI) (20). The Stanford Health 
Assessment Questionnaire determined participants’ degree of 
functional disability (21). Anxiety and depression were assessed 
using the Hospital Anxiety and Depression Scale, which is a 14- item 
questionnaire validated in patients with physical health problems 
(22). A single item VAS (range 0– 10) was used to assess the sever-
ity of fatigue over the past week (23). The Pittsburgh Sleep Quality 
Index measured sleep disturbance (score range 0– 21) and is a 
validated measure of sleep disturbances among individuals with 
chronic pain (24). The Clinical Disease Activity Index (CDAI) (25) 
was used to reflect RA disease activity. This patient and provider 
composite tool can discriminate between low, moderate, and high 
disease activity states and is feasible to perform in clinical settings 
(26). The Charlson comorbidity index (27) was used to quantify the 
comorbidity burden by assessing the number and severity of 13 
health conditions.

SB was measured over a 7- day period using the activPAL4 
activity monitor. The activPAL4 is an objective measurement 

SIGNIFICANCE & INNOVATIONS
• It is known that individuals with rheumatoid arthri-

tis (RA) spend the majority of their waking day in 
sedentary activities. No previous study has exam-
ined a range of pain characteristics and RA- related 
symptoms and their relationship with objectively 
measured sedentary behavior (SB).

• Pain intensity, self- reported number of painful 
joints, and the presence of foot/ankle pain were as-
sociated with daily sedentary time, but these rela-
tionships were relatively small and not maintained 
when other factors were accounted for in multivar-
iable models.

• Other clinical correlates included mood and disease 
activity, while fatigue, sleep quality, or nonarticular 
pain were not related to SB. Pain intensity mediates 
the relationship between disease activity and daily 
sedentary time.

• Our findings suggest that while some clinical char-
acteristics play a role, we must also look beyond 
RA- related symptoms in seeking to identify and un-
derstand the factors contributing to SB.
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device that incorporates an inclinometer to facilitate greater 
accuracy in classifying postures. Validated for time spent in SB, 
standing, and walking (28), the activPAL4 activity monitor is rec-
ommended for accurately recording SB in the RA population (29). 
There is good agreement (R2 > 0.94) for sedentary time between 
activPAL4 data and direct observation in a free- living setting (30). 

Participants were instructed to wear the monitor continu-
ously 24 hours/day for 7 consecutive days (16) and only remove 
it if swimming. A 24- hour wear period is common in the published 
literature and may be associated with better device wear- time 
compliance (16). The device was wrapped in a flexible sleeve 
and attached by the physical therapist to the midline upper 
aspect of the anterior thigh using waterproof adhesive dressing 
(Tegaderm). Participants were provided with an instruction sheet, 
spare adhesive dressings (for reattachment if necessary), and a 
log sheet. Participants recorded any non- wear periods in the log 
sheet as well as daily times for going to bed and getting up, 
allowing for isolation of waking sitting/lying time from sleep time. 
When participants failed to complete the log sheet, non- wear or 
bedtimes were visually identified from the events files. Only par-
ticipants who wore the activity monitor a minimum of 4 days for 
24 hours were included in the analysis. 

Data were extracted using the PAL software, version 8.1, 
and events files were created. The sampling frequency was 20 
Hz, and the minimal sitting and upright period was defined as 
10 seconds. SB characteristics of interest were as follows: time 
sitting or lying during the waking day; the percentage of wak-
ing hours spent sitting or lying; and sit- to- upright transitions and 
number of sitting bouts longer than 30 minutes. Subjectively, 
SB was assessed using the following item from the International 
Physical Activity Questionnaire short form (31): “During the past 
7 days, how much time did you usually spend sitting on a week-
day?” Responses were given in hours and minutes.

Data analysis. Data were analyzed for normality, homo-
geneity of variance, and multicollinearity with all required 
assumptions met. Descriptive statistics were calculated to 
describe participant characteristics. Relationships between clin-
ical characteristics and SB variables were examined using Pear-
son’s correlation coefficients. Correlation coefficients >0.5 were 
defined as high, those from 0.3 to 0.5 were defined as mod-
erate, and those <0.3 were defined as fair. To explore the rel-
evance of foot/ankle pain, an independent t- test was used to 
analyze differences in daily sedentary time between those with 
and without foot and/or ankle pain (assessed using the RADAI 
joint list). 

To further examine any significant associations between pain 
characteristics and SB, the independent contributions of these 
pain variables to explain variance in daily sedentary time were 
analyzed in a series of multivariable regression models. Associ-
ations were analyzed in models that controlled for demographic 
data (age, sex, and BMI) and disease activity. Selection of these 
explanatory predictor variables was based on previous literature 
(32,33). Explanatory variables were entered first, with the pain 
variable included in the second step to assess any additional 
contribution to the models explaining SB. The variance in SB 
explained by pain variables was determined by examining change 
in R2 values between the first and second steps. Where significant 
associations were observed in initial analyses, models were further 
adjusted for daily moderate– vigorous physical activity (MVPA). 
This final step (adjustment for MVPA) was carried out only where 
step 2 of the regression analysis revealed a statistically significant 
relationship between pain and SB. The levels of association were 
expressed as standardized β coefficients. This study required 
85 participants (with 80% power at 5% level of significance) to 
detect an effect size of r = 0.3 for pain and other patient- reported 
outcomes.

Figure 1. Flow diagram of study participants.
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Mediation analysis was undertaken to examine associa-
tions between disease activity, pain intensity, and SB according 
to criteria described by Baron and Kenny (34). Disease activity 
was included as the independent variable, daily sedentary time as 
the dependent variable, and pain intensity as mediator. According 
to these criteria, linear regression models were used to assess 
whether 1) the independent variable was significantly associated 
with the dependent variable, 2) the independent variable was sig-
nificantly associated with the proposed mediator, and 3) the pro-
posed mediator was significantly associated with the dependent 
variable, with the independent variable as a control variable. To 
confirm these results, the proposed mediator was also assessed 
using Sobel’s test and a bootstrapping approach utilizing 5,000 
bootstrap samples.

RESULTS

Participants. RA patients with upcoming clinic appoint-
ments were screened for participation (n = 118). A review 
of medical notes and telephone- based screening for eligibil-
ity was conducted. In total, 76 patients were enrolled in the 
study (Figure 1), and 72 participants returned valid activPAL4 
data. Participants were younger (60 versus 61 years), had 
longer disease duration (18 versus 10 years), and a greater 
proportion were men (35% versus 29%) compared to patients 
who declined to participate in this study (all P > 0.05). Of the 
72 participants, 90% returned monitors with 7 days of valid 
data.

Participant characteristics (n = 72) are presented in Table 1. 
Participants’ mean ± SD age was 61.5 years ± 10.5, and 65% 
(n = 47) were female. The average ± SD time since diagnosis was 
17.8 ± 10.9 years. Disease activity score averaged 11.2 ± 8.7 on 
CDAI scores, representing borderline mild- to- moderate disease 
activity. The proportion taking biologic agents to treat their disease 
was 58.7%. The mean ± SD arthritis pain score on a VAS was 
4.9 ± 2.9. Accelerometer data indicated that participants spent 
a mean ± SD 533.7 ± 100.1 minutes per day (8.9 hours, 59.9% 
of waking hours) in SB. Participants’ subjective estimate of their 
sedentary time was 5 hours.

Associations between clinical characteristics and 
sedentary behavior. Table 2 outlines Pearson correlations 
between clinical and SB characteristics. Positive associations 
with daily SB (time) were found for pain intensity (r = 0.31, 
P < 0.01) and self- reported number of painful joints (r = 0.24, 
P < 0.05) but not nonarticular pain, as quantified by the WPI 
(r = 0.06, P > 0.05). Pain characteristics were not correlated with 
the number of sedentary bouts >30 minutes or the number of 
sedentary interruptions. Daily SB also had positive but fair asso-
ciations with self- reported depression (r = 0.28, P < 0.05), anxi-
ety (r = 0.31, P < 0.01), and disease activity (r = 0.24, P < 0.05). 
In an independent t- test, daily SB was higher among those 

with foot and/or ankle pain (mean ± SD 552.7 ± 104.0 minutes) 
compared to those without (mean ± SD 496.5 ± 83.8 minutes, 
P < 0.05).

Regression analyses. Significant positive associations 
between pain variables and daily sedentary time were no longer 
significant in regression models adjusted for demographic factors 
and disease activity (Table 3). The addition of pain variables to 
the adjusted models accounted for a small increase (≤5%) in the 
variance (R2) of daily SB.

Mediation analysis. Tests for mediation found that 
higher disease activity was associated with daily SB (β = 0.24, 
P = 0.046) and higher pain intensity (β = 0.622, P < 0.001). 
Higher pain intensity was significantly associated with greater SB 
(time) while controlling for the disease activity score (β = 0.314, 
P < 0.036). The Sobel’s test result was 2.05 (P = 0.041), indi-
cating that pain intensity mediates the relationship between dis-
ease activity and total sedentary time. This result was confirmed 
by the bootstrapping approach, where the 95% confidence 
interval (95% CI) for the indirect effect of disease activity on SB 
level, mediated by pain levels, did not overlap with zero (boot-
strap 95% CI 0.37– 4.66).

Table 1. Participant demographic, clinical, and accelerometer 
data (n = 72)*

Characteristic Value
Demographic and clinical characteristic

Age, years 61.5 ± 10.5
Female, no. (%) 47 (65)
BMI, kg/m2 28.9 ± 4.5
Time since diagnosis, years 17.8 ± 10.9
Disease activity (CDAI) 11.2 ± 8.7
DMARDs, no. (%) 48 (68)
Biologics, no. (%) 44 (58.7)
Comorbidity score (CCI) 2.3 ± 1.3
Activity limitation score (HAQ) 0.8 ± 0.5
Pain intensity score (VAS) 4.9 ± 2.9
Painful joint count (RADAI) 9.6 ± 7.0
Widespread pain score (WPI) 4.9 ± 3.9
Fatigue score (VAS) 5.7 ± 2.9
Anxiety score (HADS) 5.7 ± 3.8
Depression score (HADS) 5.4 ± 3.8
Sleep score (PSQI) 7.2 ± 5.0
Self- report sedentary time, hours/day 5.0 ± 2.0

Accelerometer data
Daily sedentary time, minutes/day 533.7 ± 100.1
% waking time spent sedentary 59.9 ± 11.0
Sedentary bouts >30 minutes, no./day 6.7 ± 1.7
Sedentary interruptions, no./day 52.3 ± 17.9
Standing time, minutes 271.8 ± 86.0
Daily total step count 7,210.1 ± 3,684.0

* Values are mean ± SD unless indicated otherwise. BMI = body 
mass index; CCI = Charlson comorbidity index; CDAI = Clinical 
Disease Activity Index; DMARDs = disease- modifying antirheumatic 
drugs; HADS = Hospital Anxiety and Depression Scale; HAQ = Health 
Assessment Questionnaire; PSQI = Pittsburgh Sleep Quality Index; 
RADAI = Rheumatoid Arthritis Disease Activity Index; VAS = visual 
analog scale; WPI = Widespread Pain Index. 
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DISCUSSION

This cross- sectional study aimed to examine the relation-
ship between SB and pain in patients with RA. We found that 
pain intensity, self- reported painful joint count, and the presence 
of foot and/or ankle pain were correlated with a greater volume 
of time spent in sedentary activities. Multivariate models, when 
adjusted for potential explanatory variables, found that these pain 
characteristics were not independently associated with daily SB. 
Other clinical correlates of daily SB included depression, anxiety, 
and disease activity. Mediation analysis revealed that pain inten-
sity mediates the relationship between disease activity and daily 
sedentary time.

Evaluating the links between SB and disease- specific out-
comes was identified by the European Alliance of Associations 
for Rheumatology (EULAR) as a key aspect of the future research 
agenda (35). To our knowledge, this is the first study to investigate 
the relationship between several dimensions of pain in patients 
with RA and objectively measured SB. Two previous studies in RA 
have examined the relationship between pain intensity and SB. 
Pain intensity was not independently associated with time spent 
sitting and lying in a sample of predominantly African American 
female patients with RA (15). Multivariate analysis suggested that 
sedentary time was best explained by a combination of variables 
that included pain; however, the amount of variance explained by 
the model was small, at just 10%. Comparisons with the current 

study are limited, as sedentary time was determined by individual 
interview rather than objective measures. Huffman et al objec-
tively measured SB in patients with established RA using triaxial 
accelerometry. In contrast to our findings, there was no correlation 
with pain intensity; however, participants’ pain levels were rela-
tively low (mean intensity 25 of 100 on a VAS) (36). In the current 
study, while pain intensity and self- reported joint count were asso-
ciated with sedentary time, the strength of correlations was only 
fair. This weak link between pain and sedentary time was some-
what unexpected. Qualitative research has linked higher pain 
levels with more bad days and, consequently, more sitting (13). 
Notably, individuals with RA have also described other aspects 
of life unrelated to RA as playing a role in SB. For some, being 
sedentary was described as “simply a way of living” (13). These 
accounts are in line with our findings, suggesting that there are 
other more influential determinants of SB than clinical and pain 
characteristics.

Individuals with RA experience inflammatory joint pain but 
also report higher levels of nonarticular chronic widespread pain 
(37). No previous study has differentiated between articular and 
nonarticular pain when examining the relationship between pain 
and SB in RA. While fibromyalgia was not specifically examined, 
13 participants had widespread nonarticular pain (score ≥7 on the 
WPI), which is suggestive of this condition; however, WPI score 
was not a correlate of any aspect of SB. As centralized chronic 
widespread pain tends to coexist with mood disorders and fatigue 
(38), it might be expected that such a clinical profile would be more 
sedentary, but this was not the case. Pain is frequently used as 
a proxy for inflammation and disease activity in the assessment 
of RA (39). While the measure of disease activity in this study 
(the CDAI) did not specifically incorporate a self- reported painful 
joint count or pain severity, patients’ global assessment of their 
arthritis likely reflects, to some extent, pain currently experienced. 
Our mediation analysis confirmed what might be assumed clini-
cally: that the indirect effect of disease activity on SB is mediated 
by arthritis pain levels. Relations between SB and clinical factors 
such as pain and mood are complex, and additional mediated 

Table 2. Correlations between clinical and accelerometer- assessed sedentary behavior*

Daily  
sedentary  

time, minutes

Waking time 
spent  

sedentary, %

Sedentary  
bouts  

>30 minutes

Sedentary  
time  

interruptions

Total  
standing  

time
Pain intensity score (VAS) 0.31† 0.35† 0.16 0.18 – 0.41†
Painful joint count (RADAI) 0.24‡ 0.22 0.17 0.09 – 0.20
Widespread pain score (WPI) 0.06 0.10 0.03 0.08 – 0.12
Fatigue score (VAS) 0.17 0.19 0.06 0.08 – 0.28‡
Sleep score (PSQI) 0.13 0.14 0.12 – 0.01 – 0.21
Anxiety score (HADS) 0.31‡ 0.23 0.14 – 0.09 – 0.23
Depression score (HADS) 0.28‡ 0.24‡ 0.09 – 0.01 – 0.22
Disease activity score (CDAI) 0.24‡ 0.26‡ 0.05 0.01 – 0.34†

* CDAI = Clinical Disease Activity Index; HADS = Hospital Anxiety and Depression Scale; PSQI = Pittsburgh Sleep Quality Index; 
RADAI = Rheumatoid Arthritis Disease Activity Index; VAS = visual analog scale; WPI = Widespread Pain Index. 
† P < 0.01. 
‡ P < 0.05. 

Table 3. Regression analyses investigating association between 
pain variables and daily sedentary time*

Independent 
variable β (P) R2

Model 1 Pain intensity 0.29 (0.08) 0.05
Model 2 Painful joint count 0.09 (0.57) 0.01
Model 3 Ankle/foot pain 0.18 (0.19) 0.03

* β = beta coefficient. R2 represents the variance explained in the 
dependent variable (daily sedentary time) by the independent 
variable of interest (i.e., pain intensity, painful joint count, ankle/
foot pain). Models were adjusted for age, sex, body mass index, and 
disease activity. 
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effects not examined in this study are likely. However, this medi-
ating role for arthritis pain intensity, in combination with the find-
ing that nonarticular pain was not a correlate of daily SB, could 
suggest that treatment aimed at reducing disease activity, thereby 
indirectly reducing the severity of arthritis pain, is more likely to 
influence SB than intervening with nonarticular pain.

Participants reporting foot or ankle pain were signifi-
cantly more sedentary compared to those without. Foot- 
related disability and pain are highly prevalent in individuals with 
RA (40), impacting on their ability to walk, with loss of social 
and leisure activities (41). To date, studies investigating foot 
pain and activity in patients with RA have focused primarily on 
self- reported limitations (41). This is the first study to explore 
the association between accelerometer- derived data and foot/
ankle symptoms. It is worth noting that the foot/ankle pain 
group also had significantly higher disease activity scores and 
higher pain levels. Foot pain may be associated with a more 
severe clinical presentation and worse physical functioning (42), 
and these factors could also potentially account for increased 
SB. In our adjusted model, the presence of foot and/or ankle 
pain did not independently predict sedentary time after the 
addition of covariates; thus, further investigation is warranted 
in an appropriately powered study.

This study found higher levels of depression and anxiety to be 
associated with more SB. While no comparable evidence exists in 
RA, the positive association between SB and psychological fac-
tors such as depression and anxiety have been reported in other 
population groups (43,44). Longitudinal research is needed to 
determine the direction of these relationships. Interestingly, fatigue 
was unrelated to any aspect of SB measured in this study. This is 
unexpected given that physical activity interventions are known 
to reduce symptoms of RA- related fatigue (45), and in bivariate 
analysis, physical inactivity has been shown to be significantly 
associated with fatigue (46). Patients with RA report that fatigue 
also limits their daily activities (13). Other research suggests that 
particular dimensions of fatigue in RA are more closely related 
to physical activity and inactivity, namely fatigue- related reduced 
activity and physical fatigue (12). Our study focused on fatigue 
severity, and we may have found different results had we exam-
ined multiple dimensions of fatigue.

Discrepancies between subjective estimates of sedentary 
time and accelerometer- derived data have been previously 
observed in patients with RA, with a tendency to underreport 
sedentary time and overreport physical activity on questionnaires 
(6). In the current study, participants’ subjective estimate of their 
sedentary time correlated weakly with the objective measure-
ment. Self- reporting of sedentary time has known susceptibility 
to recall bias and measurement error (47). Use of objective mea-
surement avoids these subjective biases, but there can be issues 
around patient compliance. In this study, the activPAL4 monitor 
was well tolerated, with 90% of participants returning 7 days of 
valid data.

The pattern of accumulation of SB time is also important, 
with prolonged bouts of uninterrupted sedentary time conferring 
the greatest cardiometabolic risk (48). The current study assessed 
several aspects of sedentary pattern, including the number of 
longer sedentary bouts and sedentary bout interruptions, but 
found no association with patient- reported outcomes. While 
these long bouts were considered more harmful in observational 
studies, replacing with shorter sedentary bouts was not helpful in 
lowering mortality risk. Instead, substituting with physical activity 
of any intensity was necessary to mitigate the mortality risk (49).

Due to the cross- sectional nature and the mainly weak rela-
tionships, it is not possible to make clinical recommendations 
based on this study alone. Nonetheless, our results suggest that 
disease- related factors such as low mood and multiple painful 
joints warrant consideration. Findings also suggest that we must 
look beyond RA symptoms in seeking to identify and understand 
the factors contributing to SB in this at- risk population. Research 
on the implications of reducing SB is limited; however, Thomsen 
and colleagues (8) have demonstrated the positive impact that 
behavior change interventions can have on SB in patients with 
RA. Future research should seek to meet the research agenda 
set out by EULAR (35) and prospectively evaluate the relationship 
between SB and disease- specific outcomes.

This is one of the first studies to examine the relationships 
between SB, pain characteristics, and other patient- reported 
symptoms, such as depression, anxiety, sleep, and fatigue, using 
a reliable and valid objective measure. Other strengths of this study 
include excellent compliance rates, with monitor wear for 7 days. 
This study also has some limitations. The cross- sectional design 
precludes us from establishing the direction of relationships. SB 
could represent both a consequence and a cause of increased 
pain in RA. While our regression analysis investigated pain as a 
predictor of SB, there is evidence from animal research and other 
pain populations that increased pain may also be a consequence 
of SB (50). The study was not adequately powered for multivar-
iable analyses; however, given that pain characteristics were not 
independent predictors in partially adjusted models between pain 
and SB, inclusion of a full range of confounders was unlikely to 
change these results.

This study assessed a range of pain characteristics and 
patient- reported outcome measures and examined their relation-
ship with SB. The various dimensions of pain in RA and their role 
in SB have not previously been examined. We found that several 
pain characteristics correlated with daily sedentary time, but these 
relationships were relatively small and not maintained when other 
factors were accounted for in multivariable models. Other clini-
cal correlates included mood and disease activity, while fatigue, 
sleep, or nonarticular pain were not related to SB. These results 
indicate that other non- RA– related factors beyond pain and clin-
ical characteristics are likely to be important in determining SB. 
This may have implications for developing and delivering future 
interventions.
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Management of Rheumatic Diseases During the COVID- 19 
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Objective. To assess the experience, views, and opinions of rheumatology providers at Veterans Affairs (VA) 
facilities about rheumatic disease health care issues during the COVID- 19 pandemic.

Methods. We performed an anonymized cross- sectional survey, conducted from April 16 to May 18, 2020, of VA 
rheumatology providers. We assessed provider perspectives on COVID- 19 issues and resilience.

Results. Of the 153 eligible VA rheumatologists, 103 (67%) completed the survey. A significant proportion of 
providers reported a ≥50% increase related to COVID- 19 in visits by telephone (53%), video- based VA video connect 
(VVC; 44%), and clinical video telehealth with a facilitator (29%). A majority of the responders were somewhat or very 
comfortable with technology for providing health care to established patients during the COVID- 19 pandemic using 
telephone (87%), VVC (64%), and in- person visits (54%). A smaller proportion were comfortable with technology 
providing health care to new patients. At least 65% of rheumatologists considered telephone visits appropriate 
for established patients with gout, osteoporosis, polymyalgia rheumatica, stable rheumatoid arthritis, stable 
spondyloarthritis, or osteoarthritis; 32% reported a rheumatology medication shortage. Adjusted for age, sex, and 
ethnicity, high provider resilience was associated with significantly higher odds ratios (ORs) of comfort with technology 
for telephone (OR 3.1 [95% confidence interval (95% CI) 1.1– 9.7]) and VVC visits for new patients (OR 4.7 [95% CI 
1.4– 15.7]).

Conclusion. A better understanding of COVID- 19 rheumatic disease health care issues using a health- system 
approach can better inform providers, improve provider satisfaction, and have positive effects on the care of veterans 
with rheumatic disease.

INTRODUCTION

COVID- 19 is highly infectious, with significant associ-
ated mortality (1). Not surprisingly, its effects on people and soci-
eties are multiple. To combat this pandemic, several measures 
for infection prevention have been implemented. Stay at home 
(shelter- in- place), social distancing, and other measures to reduce 
transmission have been adopted by many countries worldwide, 
including the US (2).

The COVID- 19 pandemic has had a significant impact 
on health care and health care delivery systems. Three major 

changes have involved the conversion of regular in- person clinic 
visits to telephone/video health care visits, the use of personal 
protective equipment by both patients and health care providers 
during in- person health care visits, and the performance of some 
work duties by health care providers while working from home (3). 
The reduced in- person access to health care providers and health 
information is worrisome for people with rheumatic diseases, who 
require close long- term monitoring. Provision of optimal health 
care in these suboptimal circumstances is very challenging.

The Veterans Affairs (VA) is the largest integrated health care 
system in the US, with 1,255 health facilities that provide care to 
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>9 million veterans annually (4). The VA has had a state- of- the- art 
electronic health care record system since 1998 that has helped to 
improve quality of health care. The VA pioneered telehealth more 
than a decade ago (5). VA telemedicine visits, including using 
telephone or video (with a facilitator for examination [clinical video 
telehealth (CVT)] or without a facilitator [VA video connect (VVC)], 
direct- to- patient), were performed for 702,000 veterans in the fis-
cal year 2016 (6). In 2019, more than 900,000 veterans received 
care through VA telemedicine (5).

Most VA facilities switched from in- person outpatient visits to 
telemedicine, using telephone or video (CVT or VVC) visits, between 
March 16 and 20, 2020, with many facilities prohibiting routine 
in- person outpatient visits. Our study objective was to conduct a 
cross- sectional survey of a nationally representative sample of rheu-
matologists at the VA during the first few months of the COVID- 19 
pandemic, to assess their experience, views, and opinions about 
rheumatic disease health care issues, and to understand the impact 
of the pandemic on VA rheumatologists and their patients.

MATERIALS AND METHODS

This study was approved by the human ethics committee 
at the University of Alabama at Birmingham. We obtained a list 
of email addresses of VA rheumatologists from the VA Rheuma-
tology Consortium (VARC). VARC is a volunteer work group of 
VA rheumatologists who practice across the US. These data are 
available from the authors after appropriate approvals have been 
obtained from the Ethics Committee at the University of Alabama 
at Birmingham and meeting all privacy policies and regulations. 
After prepiloting with 6 rheumatologists, we finalized the survey. 
We used Qualtrics survey software to send an anonymous survey 
to all VA rheumatologists who were VARC members on April 16, 
2020. Nonresponders received reminders to complete the survey 
from April 21 to May 18, 2020.

The survey assessed providers’ views and opinions about 
the new health care delivery methods, including the best health 
care delivery modality (in- person, telephone, or video visit) for 
the management of each rheumatic disease, diseases appropriate 
for alternative methods, the perceived risk of COVID- 19 in rheu-
matic diseases, rheumatic disease medication shortages, and the 
safety of a future COVID- 19 vaccine with rheumatic disease med-
ications. Only a few, but not all questions included CVT with a 
facilitator, since CVT is used much less frequently compared to a 
telephone visit or VVC. Provider resilience, or stress coping ability, 
was measured with a validated 2- item Connor- Davidson Resil-
ience Scale (7), scored from 0 to 8, higher scores correspond-
ing with higher resilience, with a general population mean of 6.9. 
Physicians have higher resilience scores compared to the general 
employed population (8).

Summary statistics were assessed as proportions. Since the 
number of people completing the surveys was close to 100, the 
actual numbers in the tables were close to the percentages, which 
are presented in the Results section. Logistic regression assessed 
whether provider age, sex, years of experience, and provider resil-
ience (categorized as high resilience, score of 7 or 8, i.e., scores 
at par with the general population or higher) were independently 
associated with comfort with technology in providing virtual care 
to new or established clinic patients. We obtained the information 
on sex and age for all potential participants from Healthgrades 
and other publicly available search websites. Analyses were 
done using IBM SPSS, version 25. The University of Alabama 
at  Birmingham’s Institutional Review Board (IRB) approved this 
study, and all investigations were conducted in conformity with 
ethical principles of research (UAB X120207004). The IRB waived 
the need for an informed consent for this anonymized study.

RESULTS

Of the 153 eligible VA rheumatologists, 103 completed the 
survey (67% response rate). Of these, 26% each were in the age 
groups 45– 54 years and 55– 64 years; 56% were White, 27% 
Asian, 6% African American, and 5% Hispanic; and 63% were 
female. More than two- thirds had practiced rheumatology for 
10 years or more (see Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24487/ abstract). Nonresponders were slightly 
older (16% versus 11% were age ≥65 years) and more likely to 
be male compared to the survey responders (45% versus 38%).

Rheumatic diseases and adjudicated appropri-
ateness of health care delivery methods early in the 
COVID- 19 pandemic. Two- thirds or more of the rheumatolo-
gists chose a telephone follow- up visit as the best modality for 
gout, osteoporosis, polymyalgia rheumatica, stable rheumatoid 
arthritis, stable spondyloarthritis, and osteoarthritis (Figure 1). 
One- third or more chose a video- based VVC follow- up visit as 

SIGNIFICANCE & INNOVATIONS
• A majority of the rheumatologists were somewhat 

or very comfortable with technology for provid-
ing health care to established patients during the 
 COVID- 19 pandemic, but not to new patients.

• Rheumatologists reported some shortages of hydro -
xychloroquine and of interleukin- 6 inhibitors for 
their patients with rheumatic diseases.

• At least 65% of rheumatologists considered tele-
phone visits appropriate for established patients 
with gout, osteoporosis, polymyalgia rheumatica, 
stable rheumatoid arthritis, stable spondyloarthri-
tis, and osteoarthritis.

• High provider resilience was independently associ-
ated with significantly higher odds of more comfort 
with technology for telephone- assisted or video- 
assisted telemedicine visits.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24487/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24487/abstract
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the best modality for local musculoskeletal conditions, tendinitis, 
rheumatoid arthritis with active medication (disease- modifying 
antirheumatic drug [DMARD]/biologic) changes, and patients with 
stable lupus, scleroderma, or vasculitis (Figure 1). In contrast, 41– 
53% of responders selected an in- person follow- up visit as the 
best modality for people with lupus, scleroderma, or vasculitis with 
immunosuppressive or glucocorticoid dose changes and rheuma-
toid arthritis or spondyloarthritis with active medication (DMARD/
biologic) changes (Figure 1). A total of 43% of responders agreed 
or strongly agreed that they were able to provide health care effi-
ciently, 68% were able to provide it safely, and >50% spent a lot of 
extra time providing this care.

Provider technology use and comfort for VA health 
care delivery methods early in the COVID- 19 pandemic. 
Of the responders, 50% reported using their personal desktop 
and laptop, 69% were using a VA desktop, and 18% were using a 
VA laptop for providing VA health care during the COVID- 19 pan-
demic (providers could choose multiple responses). Of these, 31% 
were working entirely from the VA hospital or VA clinic, 14% from 
a non- VA location (or home), and the rest were working from both 
non- VA and VA locations. Survey responders reported providing VA 
health care to veterans with rheumatic disease using multiple meth-
ods during the COVID- 19 pandemic: 91% used telephone visits, 
59% used video- based VVC visits, 7% used CVT visits with a facil-
itator, and 59% used in- person visits. A significant proportion of 
providers reported a 50% or more increase in the following types 
of visits related to COVID- 19: telephone visits (53%), video- based 

VVC visits (44%), and CVT visits with a facilitator (29%) (see Supple-
mentary Table 2, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24487/ abstract).

The proportion of responders who were somewhat or very 
comfortable while providing health care to established clinic 
patients using each of these methods was as follows: telephone 
visits (87%), video- based VVC visits (64%), and in- person visits 
(54%) (Figure 2). The proportion of responders who were some-
what or very comfortable providing health care to new clinic 
patients was as follows: telephone visits (25%), video- based VVC 
visits (34%), and in- person visits (58%) (Figure 2). More than two- 
thirds of responders reported that evaluating a new patient sched-
uled in their clinic was feasible during the COVID- 19 pandemic.

Risk of COVID- 19 infection in veterans with rheu-
matic diseases. Among respondents, a majority agreed or 
strongly agreed that veterans with autoimmune rheumatic diseases 
were at a higher risk of COVID- 19 infection even in the absence of 
immunosuppressive drugs (54%) and when currently using immu-
nosuppressive drugs (71%). Similarly, only a small proportion (23%) 
agreed or strongly agreed that veterans with nonautoimmune 
rheumatic diseases were at a higher risk of COVID- 19 infection.

Rheumatic disease medications: shortages and 
risks with a future COVID- 19 vaccine or convalescent 
sera. Approximately 32% of responders reported a medication 
shortage. Responders indicated some (little or extreme) short-
age for the following: hydroxychloroquine (45%), interleukin (IL)- 6 

Figure 1. Provider- preferred clinic follow- up appointment modality for established patients due to COVID- 19 by the type of rheumatic disease. 
The y- axis represents the percent of all valid nonmissing responses. The number of missing responses for each condition varied (n =16 to 
18). Providers responded to the question: “Which of the following conditions in established patients do you feel are best suited for telephone 
or video- based visits during follow- up during the COVID- 19 pandemic? Choose the single best response.” This was followed by listing each 
rheumatic condition in a separate row. Response options included telephone, Veterans Administration (VA) video connect, and in- person visit. 
DMARD = disease- modifying antirheumatic drug; PMR = polymyalgia rheumatica; RA = rheumatoid arthritis; SpA = spondyloarthritis.
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inhibitors (15%), non– tumor necrosis factor (TNF) biologics (1%), 
TNF- biologics (0%), Janus- inhibitors (1%), and other immunosup-
pressives (1%).

Most responders would not withhold hydroxychloroquine 
(95%) or sulfasalazine (74%) for a future, live attenuated COVID-
19 vaccine. A majority would withhold methotrexate or lefluno-
mide (66%) and glucocorticoids of 20 mg/day or higher (52%) for 
2 weeks or less, and would withhold anti TNF- biologics (85%), 
anti- IL- 17/23 biologics (82%), Janus- kinase inhibitors (78%), beli-
mumab (77%), non- TNF biologics (76%), and immunosuppressive 
drugs such as azathioprine (64%), for 3–8 weeks for administering 
a future, live attenuated COVID-19 vaccine. A majority of respond-
ers (55– 100%) would not withhold these drugs for administering a 
killed COVID-19 vaccine; another 5–30% would hold them off for 
<2 weeks. A majority of responders (≥50%) would not withhold 
any of these drugs for a convalescent sera treatment of COVID- 19.

Perceived increase in health care disparities in vet-
erans during COVID- 19. A significant proportion of respond-
ers perceived an increase in health care disparities during the 
COVID- 19 pandemic in the following groups: African Americans 
(40%), Hispanics (31%), other racial minorities (19%), low socio-
economic groups (47%), females (8%), rural residents (23%), and 
those with nonservice- connected illnesses (12%). Of responders, 
24% had had a family member or friend with a COVID- 19– positive 
test. Three responders had been tested for COVID- 19, 1 reported 
a negative test result, and 2 received care for COVID- 19 at home.

Responder resilience and comfort with technology 
for virtual health care visits. Resilience was high among 
responders. The mean ± SD Connor- Davidson Resilience Scale 
score was 6.35 ± 1.260; scores were 6 or higher for >80% of peo-
ple: 46%, 16%, and 23% of the responders had high resilience 
scores of 6, 7, and 8, respectively.

Adjusted for age, sex, and ethnicity, a high provider resilience 
score was independently associated with a significantly higher 
odds ratio (OR) of more comfort with technology (somewhat or 
very comfortable) for telephone health care visits (OR 3.1 [95% 
confidence interval (95% CI) 1.1– 9.7]) and video- based VVC vis-
its (OR 4.7 [95% CI 1.4– 15.7]) for new patients, with no differ-
ence for in- person visits (OR 1.8 [95% CI 0.7– 5.0]). No significant 
associations of provider resilience were noted with comfort with 
technology for established patients for telephone (OR 1.7 [95% CI 
0.3– 8.0]), VVC (OR 1.7 [95% CI 0.6– 5.0]), or in- person visits (OR 
2.8 [95% CI 1.0– 7.8]).

DISCUSSION

We performed a national cross- sectional study of rheumatol-
ogists at the VA, the largest integrated health care system in the 
US. The survey response rate was 67%, higher than the average 
61% response rate for physician surveys (9). Survey responders 
were similar in age and sex distribution to all potential participants, 
with slight differences. The survey was conducted 1 month after 
COVID- 19– associated outpatient health care delivery changes at 

Figure 2. Provider comfort with technology in providing care to new or established patients using each of the modalities during the COVID- 19 
pandemic. The y- axis represents the percent of all valid nonmissing responses. Providers responded to 2 questions: “What is your level 
of  comfort with technology  with providing health care to new patients in your clinic during the  COVID- 19  pandemic? What is your level 
of comfort with technology with providing health care to established patients in your clinic during the COVID- 19 pandemic?” Each question 
was followed by listing telephone, Veterans Administration (VA) video connect, and in- person visit in a separate row. The response option was a 
5- point ordinal scale: very uncomfortable, somewhat uncomfortable, neither comfortable nor uncomfortable, somewhat comfortable, and very 
comfortable. As an example, 87% of respondents were somewhat or very comfortable while providing health care to established clinic patients 
with telephone visits versus only 25% of respondents for new patient evaluations. pt = patient.
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the VA. Therefore, findings mostly represent provider experience 
and practice patterns early in the COVID- 19 pandemic. Several 
study findings deserve further discussion.

During the COVID- 19 pandemic, telemedicine has emerged 
as one of the main ways to deliver health care. Telemedicine is an 
acceptable alternative to an in- person visit from the patient perspec-
tive. It can ameliorate the economic burden of clinic visits for people 
traveling long distances, and patients are satisfied with telemedicine 
visits in these situations (10). In an observational study of 85 patients 
with inflammatory arthritis at a single VA Medical Center, patient- 
reported outcomes for care delivered via telemedicine were similar 
to usual care, with a significant cost and distance savings (11).

In a meta- analysis of telemedicine studies in rheumatology, 
feasibility and patient satisfaction rates were high or very high for 
various telemedicine interventions, and effectiveness was sim-
ilar to a standard in- person approach (12). On the other hand, 
the majority of people preferred an in- person over telemedicine 
visit for pediatric rheumatology care, despite travel and inconven-
ience (13). These articles highlight the contrast in patient prefer-
ence for telemedicine versus in- person visits. High rates of patient 
satisfaction with telemedicine care (when offered and provided to 
selected patients) and higher patient preference for in- person over 
telemedicine visits can coexist in an ideal world. Telemedicine is a 
viable alternative to in- person rheumatology follow- up visits during 
the COVID- 19 pandemic.

Our study is the first national study of VA rheumatologists 
to examine which rheumatic conditions were considered appro-
priate for virtual visits using the telephone during the COVID- 19 
pandemic. Survey responders made a clear distinction between 
conditions that were appropriate for telemedicine versus in- person 
visits. More than 90% of rheumatologists surveyed considered 
gout, osteoporosis, osteoarthritis, and polymyalgia rheumatica 
to be appropriate for telephone visits or video- based health care 
visits for established patients. Active systemic autoimmune rheu-
matic conditions (rheumatoid arthritis, spondyloarthritis, lupus, 
vasculitis, scleroderma, etc.) with ongoing changes to disease- 
modifying, immunosuppressive, or biologic medications were con-
sidered most appropriate for in- person visits during the  COVID- 19 
pandemic by the majority of responders. However, one- third 
favored video visits. These patterns may change over time.

Our study found that most respondents were comfortable 
with telemedicine technology to provide health care to established 
patients with rheumatic diseases. In contrast, less than one- third 
of responders were comfortable with telemedicine technology in 
providing care to new patients. Previous studies have shown that 
physicians are satisfied with telemedicine when providing care in 
specific specialties, including cardiology (14), neurology (15), and 
primary care (16). Our national study is among the first to assess 
this comfort for various rheumatic diseases. Our study describes 
VA rheumatology providers’ views and preferences 4– 8 weeks 
after the switch from in- person regular outpatient visits to tele-
medicine at VA facilities due to the COVID- 19 outbreak in the US.

We found that a high provider resilience score was associ-
ated with a 3-  to 5- fold higher odds of comfort with technology for 
telephone and video visits for new patients, with no difference for 
in- person visits. To our knowledge, there are no published studies 
of the relationship between provider resilience and higher comfort 
levels with using telemedicine. Our study provides new data that 
will need confirmation in other studies. A mean resilience score of 
6.35 for VA rheumatologists was similar to 6.49 for US physicians 
from a recent survey (8).

We found that 55– 100% of VA rheumatology providers would 
not withhold 1 or more treatments for rheumatic diseases or with-
hold it for <2 weeks to administer an inactivated/killed COVID- 19 
vaccine. In contrast, >75% would withhold biologic therapy for 
2– 8 weeks for administering a live attenuated COVID-19 vac-
cine. The VA rheumatology providers reported some shortages of 
hydroxychloroquine (45%) and IL- 6 inhibitors (16%) for their VA 
patients with rheumatic diseases. Due to the potential for hydrox-
ychloroquine and IL- 6 inhibitors to be treatments for COVID- 19, 
shortages have been reported by patients with rheumatic diseases 
(17). Poor outcomes in African Americans with COVID- 19 point to 
racial health care disparities in the US (18). VA rheumatologists, 
however, perceived a potential increase in health care disparities 
not only in African Americans and Hispanics, but also in people in 
the low socioeconomic groups and those living in the rural areas.

Our study findings must be interpreted considering limi-
tations. These findings cannot be generalized to non- VA set-
tings without an additional similar study. Even though our study 
responders were similar to the overall sample in age and sex, we 
do not have information on other characteristics (since the survey 
was anonymous), and therefore nonresponse bias is a limitation. 
Several outcomes represent VA rheumatology provider views and 
opinions, which might change as the COVID- 19 epidemic evolves. 
However, given the nature of health care delivery changes related 
to  COVID- 19, examining provider views and opinions was our 
study goal. Prior experience with telemedicine was not assessed, 
which might have influenced comfort with technology and the like-
lihood of using telemedicine visits. Providers could only choose 1 
best modality for follow- up visits; for some conditions, 2 modalities 
could perhaps be equally good, which our survey is unable to detect.

In conclusion, we conducted a study of experiences, views, 
and opinions of VA rheumatology providers. The VA is the largest 
integrated health care system in the US; therefore these findings 
are important and have implications for the VA system. The knowl-
edge of barriers to the use of telemedicine, medication shortage, 
increasing health care disparities, and considerations for future 
COVID- 19 vaccines can inform future delivery of health care to 
patients with rheumatic diseases.
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Pregnancy and Rheumatic Disease: Experience at a Single 
Center in New York City During the COVID- 19 Pandemic
Medha Barbhaiya,1  Bessie Stamm,2 Gregory Vitone,2  Marianna B. Frey,2 Deanna Jannat- Khah,1 
Jonah Levine,2 JoAnn Vega,2 Candace H. Feldman,3  Jane E. Salmon,1  Mary K. Crow,1  Vivian Bykerk,1 
Michael D. Lockshin,1 Lisa Sammaritano,1 and Lisa A. Mandl1

Objective. The present study was undertaken to evaluate the pregnancy experiences of women receiving care in 
the division of rheumatology at a major academic center in New York City during the COVID- 19 pandemic.

Methods. A web- based COVID- 19 survey was emailed to 26,045 patients who were followed in the division of 
rheumatology at a single center in New York City. Women ages 18– 50 years were asked about their pregnancy. We 
compared the COVID- 19 experience between pregnant and nonpregnant women and also explored the impact of the 
pandemic on prenatal care and perinatal outcomes.

Results. Among 7,094 of the 26,045 respondents, 1,547 were women ages 18– 50 years, with 61 (4%) reporting 
being pregnant during the pandemic. The prevalence of self- reported COVID- 19 was similar in pregnant and 
nonpregnant women (8% versus 9%, respectively; P = 0.76). Among women with COVID- 19, pregnant women had 
a shorter duration of symptoms (P < 0.01) and were more likely to experience loss of smell or taste (P = 0.02) than 
nonpregnant women. Approximately three- fourths of women had a systemic rheumatic disease, with no differences 
when stratified by pregnancy or COVID- 19 status. In all, 67% of pregnant women noted changes to prenatal care 
during the pandemic, and 23% of postpartum women stated that the pandemic affected delivery.

Conclusion. Among women followed in the division of rheumatology at a major center in New York City, pregnancy 
was not associated with increased self- reported COVID- 19. Pregnancy was associated with a shorter duration of 
COVID- 19 symptoms and a higher prevalence of loss of smell or taste. The COVID- 19 pandemic impacted prenatal 
care for the majority of pregnant patients.

INTRODUCTION

COVID- 19, caused by the SARS– CoV- 2 infection, is a world-
wide public health crisis. Within the US, New York City was an 
early hot spot from March through May 2020. Pregnant women 
experience immunologic and physiologic changes shown to 
increase the risk for more severe illness from infections (1,2). In 
addition, patients with rheumatic diseases may be at increased 
risk of severe illness due to immune dysfunction and use of immu-
nomodulatory or immunosuppressive medications (1,2). It is not 

known if pregnant patients with rheumatic disease have greater 
risks associated with SARS– CoV- 2.

In previous coronavirus outbreaks (SARS- CoV and Middle 
East respiratory syndrome coronavirus) and the H1N1 influenza 
outbreak, pregnant women were at increased risk for endotra-
cheal intubation, admission to an intensive care unit (ICU), renal 
failure, and death (3,4). In contrast, the first study describing clini-
cal characteristics in 9 pregnant women with laboratory- confirmed 
COVID- 19 suggested that the severity of COVID- 19 was similar to 
that in nonpregnant adults (5). To date, studies of the effect of 
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COVID- 19 in pregnancy focus on the general population, not on 
patients with rheumatic disease.

Our study evaluates the impact of COVID- 19 on women of 
reproductive age followed at a major rheumatology center in New 
York City. We hypothesized that pregnant women were at increased 
risk of COVID- 19 and had worse outcomes than nonpregnant 
women and that the pandemic would impact perinatal care.

PATIENTS AND METHODS

Study population. We identified patients ages ≥18 years 
with at least 1 visit to a rheumatologist between April 1, 2018 
and April 21, 2020 at the Hospital for Special Surgery, an aca-
demic hospital in New York City. A secure, web- based survey 
was sent to all English- speaking patients with an email address. 
Between April 24, 2020 and May 17, 2020, patients received up 
to 3 invitations, and a subset with missing or incorrect emails was 
contacted by telephone. We asked women ages 18– 50 years to 
indicate their pregnancy status on January 1, 2020 and at the 
time of survey completion. Women who answered the pregnancy 
questions within the general medical history questionnaire are 
included in this analysis (see Supplementary Figure 1, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24547/ abstract). Data collection was 
locked on July 1, 2020.

Data collection. Data on sociodemographic factors and 
body mass index (BMI) were collected from the last physician visit 
on all patients. From respondents, we collected detailed informa-
tion on COVID- 19 exposures, symptoms, and outcomes occur-
ring between January 1, 2020 and the date of survey completion. 
COVID- 19 status was defined as a composite of confirmed 
 COVID- 19 (self- report of a positive nasopharyngeal polymerase 
chain reaction [PCR] test) and suspected COVID- 19 (being told 
by a health care provider of a COVID- 19 diagnosis). The latter 
was included because PCR testing was not readily available early 

in the pandemic. Self- reported demographic data, rheumatic 
disease diagnoses, and use of immunomodulatory and/or immu-
nosuppressive medications in the previous 6 months were also 
collected. Information on pain interference, anxiety, depression, 
fatigue, and sleep disturbance was elicited from Patient- Reported 
Outcomes Measurement Information System 29 (PROMIS- 29). 
Women between 18 and 50 years of age were also asked their 
pregnancy status, pregnancy outcomes, and perceived impact of 
COVID- 19 on their prenatal and perinatal care.

Statistical analysis. In our primary analysis, we compared 
COVID- 19 status, severity, and exposure history, as well as socio-
demographic factors and patient- reported outcome measures 
between pregnant and nonpregnant women. We also evaluated 
pregnancy outcomes and prenatal/perinatal care during the COV-
ID- 19 pandemic. We conducted 2 secondary analyses compar-
ing pregnant versus nonpregnant women with COVID- 19, and 
pregnant versus nonpregnant women without COVID- 19. We 
performed bivariate comparisons using Fisher’s exact test and 
chi- square tests for categorical variables and t- tests for contin-
uous variables. Statistical significance was determined using 
a P-value threshold of 0.05. All analyses were performed using 
Stata, version 14.0. This study was approved by the Hospital for 
Special Surgery Institutional Review Board.

RESULTS

Among the 26,045 patients who were emailed the COVID- 19  
survey, 7,094 (27%) responded, of whom 1,547 (22%) were 
women ages 18– 50 years (see Supplementary Figure 1, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24547/ abstract). 
In total, 34 eligible women did not complete the pregnancy 
questions; therefore, 1,513 women are included in this analysis. 
Compared to 4,297 nonrespondents ages 18– 50 years, partic-
ipants were slightly older (mean ± SD age 38.1 ± 8.0 years ver-
sus 37.1 ± 8.4 years), more likely to be White (77% versus 62%), 
and slightly less likely to reside in New York state (73% versus 
76%); no significant difference in ethnicity or BMI was noted (see 
Supplementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24547/ 
abstract).

In total, 61 study participants (4%) reported a pregnancy. 
Compared to nonpregnant women, pregnant women were 
younger (mean ± SD 36.1 ± 4.9 years versus 38.2 ± 8.1 years) and 
significantly more likely to be married, have a household income 
>$150,000, and hold a master’s, professional, or doctorate degree 
(Table 1). Race and ethnicity were similar, with the majority of women 
in both groups being White and non- Hispanic/Latino (Table 1). Sys-
temic rheumatic disease occurred similarly in both pregnant and 
nonpregnant women (67.2% versus 74.0%; P = 0.24). Inflamma-
tory arthritis was most common overall, and undifferentiated con-
nective tissue disease occurred more frequently in nonpregnant 

SIGNIFICANCE & INNOVATIONS
• This is the first study to evaluate the impact of 

 COVID- 19 on pregnant patients with rheumatic 
 disease in an early COVID- 19 hot spot in the US.

• During the peak of the COVID- 19 pandemic in New 
York City, pregnant women evaluated in our divi-
sion of rheumatology reported similar COVID- 19 
prevalence and disease severity compared to non-
pregnant patients, and 67% reported changes to 
their prenatal care.

• Our results demonstrating shorter total COVID- 19 
symptom duration and more frequent loss of taste 
and smell in pregnant patients with COVID- 19 are 
novel, hypothesis- generating findings that deserve 
further study.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract
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Table 1. Characteristics of female rheumatology outpatients, ages 18– 50 years, from an academic hospital in New 
York City, stratified by pregnancy status during the COVID- 19 pandemic*

Characteristic

Nonpregnant  
women  

(n = 1,452)

Pregnant  
women  
(n = 61) P

Sociodemographic factors
Age, mean ± SD years† 38.2 ± 8.1 36.1 ± 4.9 0.04‡
Race§ 0.57

Asian/Indian subcontinent 121 (8.3) 8 (13.1)
Black 98 (6.7) 4 (6.6)
White 1,122 (77.3) 46 (75.4)
Other¶ 97 (6.7) 2 (3.3)
Unknown# 14 (1.0) 1 (1.6)

Ethnicity§ 0.10
Hispanic or Latino 183 (12.6) 3 (4.9)
Not Hispanic or Latino 1,203 (82.9) 53 (86.9)
Unknown# 66 (4.5) 5 (8.2)

Marital status <0.01‡
Married or partnered 762 (52.5) 54 (88.5)
Separated, divorced, single, widowed 642 (44.2) 6 (9.8)
Unknown# 48 (3.3) 1 (1.6)

Household income as of January 1, 2020 <0.01‡
<$75,000 285 (19.6) 6 (9.8)
$75,000– $150,000 395 (27.2) 13 (21.3)
>$150,000 555 (38.2) 40 (65.6)
Unknown# 217 (14.9) 2 (3.3)

Education level 0.047‡
High school graduate or below 38 (2.6) 2 (3.3)
Any amount of college (including college graduate post- college 

courses)
727 (50.1) 21 (34.4)

Master’s, professional, or doctorate degree 653 (45.0) 37 (60.7)
Unknown# 34 (2.3) 1 (1.6)

Employment status as of January 1, 2020 0.13
Employed 1,110 (76.4) 52 (85.2)
Unemployed, retired, other 304 (20.9) 8 (13.1)
Unknown# 38 (2.6) 1 (1.6)

General medical history (self- reported)
Blood clotting problem 95 (6.5) 4 (6.6) 1.00
Cancer 54 (3.7) 1 (1.6) 0.40
Chronic kidney disease 39 (2.7) 1 (1.6) 0.62
Diabetes mellitus 34 (2.3) 0 (0.0) 0.23
Heart attack 5 (0.3) 0 (0.0) 0.65
Hypertension 126 (8.7) 2 (3.3) 0.14
Lung disease 331 (22.8) 7 (11.5) 0.04‡
Obesity 136 (9.4) 2 (3.3) 0.11

Rheumatic disease history (by self- report)**
Any systemic rheumatic disease 1,074 (74.0) 41 (67.2) 0.24

Systemic inflammatory arthritis (including adult- onset Still’s disease, 
inflammatory arthritis, JIA, PsA, AS, RA)

597 (41.1) 22 (36.1) 0.43

Vasculitis, scleroderma, myositis (including dermatomyositis, 
polymyositis, other inflammatory muscle diseases)

104 (7.2) 3 (4.9) 0.50

Undifferentiated connective tissue disease 128 (8.8) 1 (1.6) 0.049‡
Systemic lupus erythematosus 268 (18.5) 16 (26.2) 0.13
Antiphospholipid syndrome 52 (3.6) 5 (8.2) 0.06

Medication history in previous 6 months (self- reported)**
Any immunomodulatory medication use†† 823 (56.7) 31 (50.8) 0.37
Any antimalarial use (hydroxychloroquine, chloroquine) 484 (33.3) 23 (37.7) 0.48
Any biologic use 296 (20.4) 7 (11.5) 0.09

Abatacept 12 (0.8) 1 (1.6) 0.50
Belimumab 31 (2.1) 0 (0.0) 0.25
TNF inhibitors (infliximab, etanercept, adalimumab, golimumab, 

certolizumab)
171 (11.8) 4 (6.6) 0.21

IL- 12/23 inhibitors (ustekinumab, guselkumab) 4 (0.3) 0 (0.0) 0.68
IL- 17 inhibitors (secukinumab, ixekizumab) 33 (2.3) 2 (3.3) 0.61

 (Continued)
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patients (Table 1 and Supplementary Table 2, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24547/ abstract). Immunomodulatory medication 
and glucocorticoid use in the previous 6 months were similar in the 
2 groups, but pregnant women had higher use of azathioprine or 
6- mercaptopurine (Table 1). Approximately one- third of patients in 
both groups reported taking antimalarials in the previous 6 months 
(P = 0.48). Two pregnant patients reported discontinuing at least 1 
immunomodulatory medication due to pregnancy.

Pregnant and nonpregnant women had similar patterns of 
self- isolation and potential COVID- 19 exposures, both at home 
and at work (Table 2). Although there were similar frequencies 
of any COVID- 19 symptoms in both groups, significantly fewer 
pregnant women had a total duration of symptoms ≥10 days, 
and pregnant women more frequently reported loss of smell or 
taste (Table 2). Nonpregnant women more frequently reported 
chest pain and joint pain (Table 2). Higher chest pain frequency 
did not appear to be due to underlying lung disease, as the prev-
alence of lung disease in nonpregnant women with chest pain 
was similar to the prevalence in pregnant women with chest pain 
(P = 0.11). In patients without COVID- 19, there was no signifi-
cant difference in loss of smell or taste between nonpregnant and 
pregnant women (P = 0.22). Similarly, no significant difference in 
chest pain (P = 0.36) or total duration of COVID- 19 symptoms 
≥10 days (P = 0.17) was demonstrated in nonpregnant versus 
pregnant patients without COVID- 19. The only clinically significant 
difference in PROMIS- 29 scores was less depression in pregnant 
women versus nonpregnant women (Table 2).

COVID- 19 infection was reported by 5 pregnant and 136 non-
pregnant women (8.2% versus 9.4%; P = 0.76). Pregnant women 
with COVID- 19 tended to be younger than nonpregnant women 
with COVID- 19 (mean ± SD 32.8 ± 3.5 years versus 38.5 ± 7.9 
years; P = 0.11), with no significant differences in age, race, eth-
nicity, or presence of a systemic rheumatic disease (Table 3). All 
patients with COVID- 19 endorsed at least 1 COVID- 19 symptom 
(Table 3). Loss of smell or taste was significantly higher in pregnant 
versus nonpregnant patients with COVID- 19 (100% versus 44%; 
P = 0.02). Two of 5 pregnant women with COVID- 19 experienced 
loss of smell or taste for >30 days, of whom 1 had a systemic rheu-
matic disease (scleroderma) and used immunomodulatory medica-
tion. In all, 8.9% of pregnant women without COVID- 19 reported 
loss of taste or smell versus 100% of pregnant women with COV-
ID- 19 (P < 0.01). No pregnant patients with COVID- 19 reported 
any emergency room (ER) visits or hospitalization. Among 28 (20%) 
nonpregnant women with COVID- 19 who reported an ER visit or 
hospitalization, 1 patient was mechanically ventilated.

Among all pregnant women, 67% reported changes to pre-
natal obstetric/gynecologic (OB/GYN) care during the COVID- 19 
pandemic; in- person OB/GYN visits were rescheduled to tele-
medicine visits (15%) or canceled (18%). At survey completion, 
22 of 61 pregnancies were complete (mean ± SD gestational 
age 38.1 ± 1 weeks). Pregnancy outcomes included the follow-
ing: 10 (45%) vaginal deliveries, 5 (23%) cesarean sections, and 
3 (14%) miscarriage/terminations (see Supplementary Table 3, 
available on the Arthritis Care & Research website at http://onlin e  
libr ary.wiley.com/doi/10.1002/acr.24547/ abstract). Only 1 of 5 patients 

Characteristic

Nonpregnant  
women 

(n = 1,452)

Pregnant 
women 
(n = 61) P

Cyclophosphamide 3 (0.2) 0 (0.0) 0.72
Rituximab 31 (2.1) 0 (0.0) 0.25
IL- 6 inhibitors (tacrolimus, sirolimus) 20 (1.4) 1 (1.6) 0.86
IL- 1 inhibitors (anakinra, canakinumab, rilonacept) 5 (0.3) 0 (0.0) 0.65

Any JAK inhibitor use (tofacitinib, baricitinib, upadacitinib) 27 (1.9) 0 (0.0) 0.28
Any conventional DMARDs use 299 (20.6) 8 (13.1) 0.15

Leflunomide 16 (1.1) 1 (1.6) 0.70
Methotrexate 125 (8.6) 1 (1.6) 0.054
Mycophenolate mofetil, mycophenolic acid 79 (5.4) 0 (0.0) 0.06
Azathioprine, 6- mercaptopurine 42 (2.9) 5 (8.2) 0.02‡
Sulfasalazine 50 (3.4) 1 (1.6) 0.44

Any glucocorticoid use 285 (19.6) 9 (14.8) 0.35
* Values are the number (%) unless indicated otherwise. T- tests and chi- square tests were used to calculate P values 
as appropriate. AS = ankylosing spondylitis; DMARDs = disease- modifying antirheumatic drugs; IL = interleukin; JIA = 
juvenile idiopathic arthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis; TNF = tumor necrosis factor. 
† Age was calculated from date of birth to April 24, 2020, the first date that the survey was emailed. 
‡ Significant (P threshold < 0.05). 
§ Data on race and ethnicity were obtained by self- report from survey (when available) or from self- report in the 
electronic medical record (EMR). 
¶ Includes other race, in addition to American Indian/Alaskan Native and Native Hawaiian/Pacific Islander. 
# Unknown includes those with missing values or who preferred not to answer. 
** Systemic rheumatic diseases and medication history were not mutually exclusive. 
†† Includes any use of antimalarials, biologics, JAK inhibitors, or conventional DMARDs. 

Table 1. (Cont’d)
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with suspected or confirmed COVID- 19 delivered by the time 
of survey completion, and she underwent a cesarean section. 
Neither of the 2 pregnant women with a systemic rheumatic 
disease and COVID- 19 had delivered by the time of survey 
completion. In all, 23% of women who delivered stated that 

the pandemic affected their deliveries, most commonly by no 
visitors being permitted in the hospital or spouses/partners 
needing to depart soon after delivery (see Supplementary 
Table 3, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24547/ abstract).

Table 2. Experiences of pregnant versus nonpregnant rheumatology outpatients from an academic 
hospital in New York City during the COVID- 19 pandemic*

Characteristic

Nonpregnant  
women  

(n = 1,452)

Pregnant  
women  
(n = 61) P

COVID- 19 exposure
Cohabitants (not including oneself), mean ± SD 2.26 ± 1.59 2.26 ± 1.30 0.97
Close contact with confirmed/suspected 

COVID- 19 case
438 (30.2) 17 (27.9) 0.70

% of 24- hour day spent at home over past 2 
weeks

0.45

>95 1,100 (75.8) 50 (82.0)
76– 95 249 (17.1) 9 (14.8)
50– 75 52 (3.6) 2 (3.3)
<50 51 (3.5) 0 (0.0)

High- risk of exposure at work (n = 1,159) 371 (33.4) 24 (46.2) 0.06
COVID- 19 status

Confirmed or suspected COVID- 19‡ 136 (9.4) 5 (8.2) 0.76
COVID- 19 symptoms since January 1, 2020

Any COVID- 19 symptoms 894 (61.6) 37 (60.7) 0.89
Abdominal/belly pain 180 (12.4) 3 (4.9) 0.08
Chest pain 202 (13.9) 3 (4.9) 0.04†
Chills 289 (19.9) 7 (11.5) 0.10
Confusion/irritability 64 (4.4) 0 (0.0) 0.09
Cough 415 (28.6) 13 (21.3) 0.22
Diarrhea 265 (18.3) 7 (11.5) 0.18
Dizziness/lightheadedness 202 (13.9) 7 (11.5) 0.59
Fatigue or malaise 436 (30.0) 13 (21.3) 0.14
Fever 282 (19.4) 8 (13.1) 0.22
Headache or migraine 459 (31.6) 15 (24.6) 0.25
Joint pain 303 (20.9) 3 (4.9) <0.01†
Loss of smell or taste 130 (9.0) 10 (16.4) 0.049†
Muscle aches 281 (19.4) 7 (11.5) 0.12
Runny nose 327 (22.5) 14 (23.0) 0.94
Shortness of breath 210 (14.5) 5 (8.2) 0.17
Sore throat or scratchy throat 458 (31.5) 15 (24.6) 0.25
Vomiting or nausea 137 (9.4) 2 (3.3) 0.10
Other 48 (3.3) 1 (1.6) 0.47
None of the above 557 (38.4) 24 (39.3) 0.88

Total duration of COVID- 19 symptoms, days 0.03†
0– 4 190 (21.3) 9 (24.3)
5– 9 220 (24.6) 16 (43.2)
10– 14 153 (17.1) 6 (16.2)
>15 331 (37.0) 6 (16.2)

Total COVID- 19 symptom duration ≥10 days (n 
= 931)

484 (54.1) 12 (32.4) 0.01†

Health- related quality of life measures using 
PROMIS- 29 score, mean ± SD

Pain interference 53.17 ± 9.82 49.29 ± 8.39 <0.01†
Depression 53.57 ± 8.86 48.67 ± 7.59 <0.01†
Fatigue 55.02 ± 10.85 53.31 ± 9.41 0.23
Anxiety 60.47 ± 8.41 58.94 ± 8.06 0.17
Sleep disturbance 53.38 ± 6.71 53.52 ± 5.91 0.87

* Values are the number (%) unless indicated otherwise. T- tests and chi- square tests were used to calculate 
P values as appropriate. PROMIS- 29 = Patient- Reported Outcomes Measurement Information System 29. 
† Significant (P value threshold < 0.05). 
‡ Confirmed COVID- 19 case by nasopharyngeal polymerase chain reaction test; suspected COVID- 19 case 
by health care provider. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24547/abstract


RHEUMATIC DISEASE, PREGNANCY, AND COVID- 19 |      1009

DISCUSSION

During the peak of the COVID- 19 pandemic in New York 
City, pregnant women evaluated in our division of rheumatology 
reported similar COVID- 19 prevalence and disease severity com-
pared to nonpregnant women. Approximately 75% of patients 

had a systemic rheumatic disease, with no increased preva-
lence in pregnant patients or in those reporting COVID- 19. In this 
cohort, 25% of patients seen by rheumatologists did not report 
having a systemic rheumatic disease. This relatively high number 
likely reflects the fact that patients are routinely evaluated at our 
tertiary referral center to rule out systemic rheumatic disease or to 

Table 3. Characteristics of female rheumatology outpatients, ages 18– 50 years, at an academic hospital in New York City 
with confirmed or suspected COVID- 19, stratified by pregnancy status during the COVID- 19 pandemic*

Characteristic

Nonpregnant women  
with COVID- 19  

(n = 136)

Pregnant women  
with COVID- 19  

(n = 5) P
Sociodemographic factors

Age, mean ± SD years† 38.48 ± 7.88 32.78 ± 3.50 0.11
Race‡ 0.40

Asian/Indian subcontinent 5 (3.7) 1 (20.0)
Black 12 (8.8) 0 (0.0)
White 107 (78.7) 4 (80.0)
Other§ 10 (7.4) 0 (0.0)
Unknown¶ 2 (1.5) 0 (0.0)

Ethnicity‡ 0.67
Hispanic or Latino 22 (16.2) 0 (0.0)
Not Hispanic or Latino 108 (79.4) 5 (100.0)
Unknown¶ 6 (4.4) 0 (0.0)

Rheumatic disease history (by self- report)#
Any systemic rheumatic disease 96 (70.6) 2 (40.0) 0.17

Systemic inflammatory arthritis (including adult- onset 
Still’s disease, inflammatory arthritis, JIA, PsA, AS, RA)

55 (40.4) 1 (20.0) 0.65

Vasculitis, scleroderma, myositis (including 
dermatomyositis, polymyositis, other inflammatory 
muscle diseases)

9 (6.6) 1 (20.0) 0.31

Systemic lupus erythematosus 27 (19.9) 0 (0.0) 0.58
Antiphospholipid syndrome 6 (4.4) 0 (0.0) 1.00

COVID- 19 exposures
Close contact with confirmed/suspected COVID- 19 case** 88 (64.7) 5 (100.0) 0.17
Percentage of 24- hour day spent at home over past 2 weeks 0.54

>95 100 (73.5) 4 (80.0)
76– 95 23 (16.9) 0 (0.0)
50– 75 10 (7.4) 1 (20.0)
<50 3 (2.2) 0 (0.0)

COVID- 19 symptoms since January 1, 2020
Any COVID- 19 symptom 134 (98.5) 5 (100.0) 1.00

Abdominal/belly pain 41 (30.1) 0 (0.0) 0.32
Chest pain 68 (50.0) 0 (0.0) 0.06
Chills 83 (61.0) 1 (20.0) 0.16
Confusion/irritability 25 (18.4) 0 (0.0) 0.59
Cough 98 (72.1) 4 (80.0) 1.00
Diarrhea 68 (50.0) 1 (20.0) 0.37
Dizziness/lightheadedness 59 (43.4) 0 (0.0) 0.08
Fatigue or malaise 104 (76.5) 4 (80.0) 1.00
Fever 88 (64.7) 4 (80.0) 0.66
Headache or migraine 105 (77.2) 2 (40.0) 0.09
Joint pain 64 (47.1) 1 (20.0) 0.23
Loss of smell or taste 61 (44.9) 5 (100.0) 0.02††
Muscle aches 76 (55.9) 3 (60.0) 1.00
Runny nose 69 (50.7) 2 (40.0) 0.68
Shortness of breath 69 (50.7) 0 (0.0) 0.06
Sore throat or scratchy throat 91 (66.9) 1 (20.0) 0.05
Vomiting or nausea 35 (25.7) 1 (20.0) 1.00
Other 12 (8.8) 0 (0.0) 1.00
None of the above 2 (1.5) 0 (0.0) 1.00

Total COVID- 19 symptom duration, days <0.01††
 (Continued)
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be medically evaluated prior to an orthopedic procedure. Pregnant 
women with COVID- 19 had a shorter total duration of COVID- 19 
symptoms. Loss of taste or smell was significantly higher (in fact, 
observed uniformly) in pregnant women with COVID- 19. Although 
both pregnant and nonpregnant women experienced loss of smell 
or taste, we did not observe a significant difference in loss of smell 
or taste in pregnant versus nonpregnant women without COV-
ID- 19, suggesting the clinical importance of this symptom among 
pregnant women infected with SARS– CoV- 2. Furthermore, 
the majority of pregnant women reported that the pandemic influ-
enced their prenatal OB/GYN care or delivery experience.

Our findings were consistent with 2 relatively small case 
series from China, in which no pregnant women with COVID- 19 
required mechanical ventilation or ICU admission (5,6). Addition-
ally, the majority of 43 pregnant women (86%) with COVID- 19 
presenting to a hospital in New York City in March 2020 had mild 
disease (7). However, our findings contrast with recent population- 
based data from the Centers for Disease Control and Prevention 
demonstrating more mechanical ventilation and ICU admissions 
in pregnant versus nonpregnant women with COVID- 19 (8). Sim-
ilarly, Sweden’s public health agency also reported that pregnant 
women with COVID- 19 were 4– 5 times more likely to be admitted 
to the ICU or receive mechanical ventilation (9). Our study may 
have been underpowered to demonstrate differences in COVID- 19  
prevalence and disease severity in pregnant versus nonpregnant 
women due to the small number of pregnant women positive for 
COVID- 19 and because our patients were at lower risk of COV-
ID- 19, being predominantly non- Hispanic and nonobese.

Our results demonstrate some novel, hypothesis- generating 
findings. A shorter total duration of COVID- 19 symptoms in 
pregnant patients with COVID- 19, suggesting a milder disease 
course, is contrary to previous pandemics (3). How and whether 
the intersection of rheumatic disease and pregnancy may mitigate 

the severe inflammatory response documented in COVID- 19 
deserves further study. Loss of smell or taste is an early and 
specific neurologic manifestation of COVID- 19 (10,11). In a study 
from 12 European centers of 417 patients with mild- to- moderate 
COVID- 19, >85% of patients reported olfactory and gustatory 
dysfunctions, with higher prevalence in women (10). Estimates 
were lower in prospective data from 3,191 Korean patients 
with COVID- 19, in whom acute loss of smell or taste occurred 
in 15% of those with asymptomatic- to- mild disease, also with 
higher prevalence in women (12). While some reports demon-
strate symptomatic resolution within 3 weeks and a median time 
to recovery of taste and smell of 7 days (12), in our study, 2 
of 5 pregnant rheumatology patients with COVID- 19 had loss 
of smell or taste for at least 30 days. Furthermore, although 
olfactory changes have been observed in longitudinal preg-
nancy cohorts, increased smell sensitivity or abnormal smells, as 
opposed to loss of smell or taste, are typically reported (13,14). 
Whether pregnant patients with COVID- 19 are more likely to 
experience loss of taste and smell and persistence of this loss 
warrants further investigation.

Of the 15 deliveries, 10 (67%) were vaginal deliveries, and 5 
(33%) were cesarean sections, similar to the findings of a report 
from another New York hospital on 18 deliveries of patients from 
the general population who were positive for COVID- 19 (55.5% 
uncomplicated normal vaginal deliveries and 44.4% cesarean 
sections) (4). We were underpowered to compare perinatal out-
comes in those with or without COVID- 19. Our study found that 
67% of pregnant women experienced changes to their prenatal 
care, including cancelation and rescheduling of in- person visits to 
telemedicine visits. Nearly one- fourth of those who delivered indi-
cated that the pandemic restrictions on visitors affected their deliv-
ery experience. Anxiety was higher than population norms in both 
pregnant and nonpregnant patients, which may be a reflection of 

Characteristic

Nonpregnant women 
with COVID- 19  

(n = 136)

Pregnant women 
with COVID- 19  

(n = 5) P
0– 4 4 (2.9) 1 (20.0)
5– 9 18 (13.4) 3 (60.0)
10– 14 18 (13.4) 0 (0.0)
>15 94 (70.1) 1 (20.0)

Total COVID- 19 symptom duration ≥10 days (n = 139) 112 (83.6) 1 (20.0) <0.01††
COVID- 19 disease severity

Emergency room or hospitalization due to COVID- 19 28 (20.6) 0 (0.0) 0.58
Hospitalization due to COVID- 19 6 (4.4) 0 (0.0) 1.00

* Values are the number (%) unless indicated otherwise. T- tests and Fisher’s exact tests were used to calculate P values as
appropriate. AS = ankylosing spondylitis; JIA = juvenile idiopathic arthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis. 
† Age was calculated from date of birth to April 24, 2020, the first date that the survey was emailed. 
‡ Data on race and ethnicity were obtained by self- report from survey (when available) or from self- report in the electronic 
medical record. 
§ Includes other race, in addition to American Indian/Alaskan Native and Native Hawaiian/Pacific Islander. 
¶ Unknown includes those with missing values or who preferred not to answer. 
# Systemic rheumatic diseases were not mutually exclusive. 
** Confirmed COVID- 19 case by nasopharyngeal polymerase chain reaction test; suspected COVID- 19 case by health care 
provider. 
†† Significant (P-value threshold < 0.05). 
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living in a pandemic hot spot. Pregnancy was associated with less 
depression, which has been shown in other US populations (15).

Our study has strengths and limitations. Using a patient 
self- report survey to assess COVID- 19 prevalence and disease 
severity may not capture patients too ill to respond or those who 
died. Our relatively small sample from a single hospital may not 
be generalizable, and our patients were older, predominantly 
White, non- Hispanic, and with high household income and high 
educational attainment. Although we used telephone calls to 
increase representation of those without email access or with 
low literacy, our results should be confirmed in larger, more 
diverse cohorts. Given the lack of availability of COVID- 19 testing 
in New York City at the time of survey administration, including 
only PCR- positive cases would have led to significant under-
counting; however, using suspected COVID- 19 cases may have 
resulted in some misclassification. We were also underpowered 
to perform subgroup analyses by race/ethnicity, systemic rheu-
matic disease history, medication- related factors, or positive 
PCR test status. Additionally, although we collected information 
on immunomodulatory and immunosuppressive medication use 
in the previous 6 months, medication dosages and the timing 
of medication modifications, including discontinuations, in rela-
tion to pregnancy could not be ascertained.

Strengths of our study include focusing exclusively on 
patients seen at a large division of rheumatology at an early 
US epicenter of the SARS– CoV- 2 pandemic. Owing to the high 
COVID- 19 prevalence in New York City at the time, we are able 
to provide the first study of the impact of COVID- 19 on preg-
nant patients diagnosed with a systemic rheumatic disease by a 
rheumatologist. By timing our survey administration to coincide 
with the COVID- 19 peak in New York City, we collected detailed 
self- report data in real time and minimized participant recall 
bias. We also included pregnant patients without COVID- 19,  
providing a valid comparator group. Ongoing data collection 
in our longitudinal cohort will assess maternal and fetal out-
comes in our pregnant rheumatology patients with and without 
COVID- 19.

The COVID- 19 pandemic offers a rare opportunity to 
study the impact of a serious infection on pregnant patients 
with rheumatic disease, which only few studies have previously 
addressed. Our finding of similar COVID- 19 prevalence and dis-
ease severity in pregnant versus nonpregnant patients must be 
interpreted with caution but provides helpful data to women with 
systemic rheumatic diseases contemplating pregnancy during 
the pandemic. The shortened overall symptom duration and uni-
versal loss of smell or taste in pregnant women with COVID- 19 
also provides preliminary information to guide clinicians taking 
care of pregnant patients during the pandemic. As universal 
COVID- 19 testing for pregnant patients who are admitted for 
delivery is increasingly performed (7), future studies may better 
assess the impact of the pandemic on perinatal and postpartum 
outcomes in this unique population.
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Erratum

In the article by Jorge et al published in the January 2017 issue of Arthritis Care & Research (Depression and Progression 
of Subclinical Cardiovascular Disease in Systemic Lupus Erythematosus [pages 5– 11]), the Results section of the Abstract 
was incorrect. The corrected Results are shown below. These changes do not affect any of the conclusions of the study.

Results. The SLE group had a higher rate of depression at both baseline and 5- year follow- up: 21% compared with 
3% in the control group (P < 0.0001). When controlling for traditional CVD risk factors, the presence of depression at 
both baseline and 5- year follow- up correlated with increased progression of CIMT in the SLE group, but not in the control 
group. The adjusted mean increase in CIMT was 0.029 mm in the SLE group without depression versus 0.071 mm in the 
depressed SLE group (P = 0.007). There was no association between depression and carotid plaque in either group, with 
a calculated odds ratio for plaque progression in the depressed SLE group of 1.17 (95% confidence interval 0.45, 3.03) in 
the adjusted model.

In the same article by Jorge et al, there are also corrected values for Tables 1– 5. These changes do not affect any of 
the conclusions of the study.

For Table 1 (Baseline demographics of participants with SLE and controls), the corrected values for SLE cases 
(n = 149) and controls (n = 126), respectively, are mean ± SD age: 43.2 ± 10.1 and 46.6 ± 10.0 (P = 0.006); mean ± SD 
systolic blood pressure (mm Hg): 118.0 ± 15.1 and 119.2 ± 15.7 (P = 0.524); no. (%) with hypertension: 78 (52.0) and 
30 (24.0) (P < 0.0001); no. (%) with diabetes mellitus: 14 (9.0) and 5 (4.0) (P = 0.077); no. (%) statin use: 11 (7.0) and 
6 (5.0) (P = 0.369); no. (%) aspirin use: 31 (21.0) and 9 (7.0) (P = 0.0014); mean ± SD SLICC/ACR DI 1.64 ± 1.8 (SLE 
cases); mean ± SD SLEDAI- 2K 3.98 ± 3.63 (SLE cases); no. (%) CES- D ≥16, baseline only: 57 (38.0) and 14 (11.1.0) 
(P < 0.0001); no. (%) mean ± SD CES- D, baseline only: 13.95 ± 11.64 and 6.86 ± 6.44 (P < 0.0001); no. (%) CES- D ≥16, 
baseline and 5- year follow- up: 32 (21.5) and 4 (3.2) (P < 0.0001).

For Table 2 (Baseline demographics of SLE cases with and without depression at both baseline and follow- up vis-
its), the corrected values for the not depressed SLE group (n = 117) and the depressed SLE group (n = 32), respectively, 
are mean ± age: 43.25 ± 10.6 years and 43.34 ± 8.38 years (P = 0.996); no. (%) statin use: 8 (6.84) and 3 (9.38) (P = 0.703); 
no. (%) aspirin use: 22 (18.8) and 9 (28.1) (P = 0.325); prednisone use: 38 (33) and 18 (56.3) (P = 0.017); mean ± SD prednisone 
dose (of 18 depressed and 38 not depressed patients taking prednisone at baseline visit): 12.74 ± 9.53 and 10.64 ± 6.45 
(P = 0.402); mean ± SD SLICC/ACR DI: 1.52 ± 1.83 and 2.06 ± 1.79; mean ± SD SLEDAI- 2K: 3.87 ± 3.76 and 4.38 ± 3.11 
(P = 0.489); mean ± SD CES- D: 9.97 ± 8.79 and 28.53 ± 8.85 (P < 0.0001).

For Table 3 (CIMT at baseline and follow- up), the corrected values for sample sizes are n = 17 for not depressed SLE 
group, n = 33 for depressed SLE group, n = 122 for not depressed control group, and n = 4 for depressed control group. 
Depression status is defined as depressed at both baseline and 5- year follow- up.

For Table 4 (Progression of carotid plaque and CIMT at 5 years), the corrected OR (95% CI) values of carotid plague 
progression comparing depressed vs. not depressed cases, respectively, are 1.67 (0.74, 3.76) for unadjusted and 1.17 
(0.45, 3.03) for adjusted. Since n = 4 for depressed controls, the OR was not able to be estimated. The corrected IMT mean 
change (mm) (95% CI) values, from baseline to 5 years, for depressed vs. not depressed cases, respectively, are 0.069 
(0.043, 0.095) and 0.029 (0.015, 0.043) (P = 0.008) for unadjusted; 0.071 (0.044, 0.097) and 0.029 (0.015, 0.042) 
(P = 0.007) for adjusted; the corrected IMT mean change (mm) (95% CI) values, from baseline to 5 years, for depressed 
vs. not depressed controls, respectively, are 0.014 (– 0.083, 0.111) and 0.025 (0.008, 0.043) (P = 0.820) for unadjusted; 
0.023 (– 0.076, 0.123) and 0.018 (– 0.007, 0.044) (P = 0.921) for adjusted. For all values, n = 32 depressed, n = 117 not 
depressed for cases, and n = 4 depressed, n = 122 not depressed for controls. Depression status is defined as depressed 
at both baseline and 5- year follow- up.

For Table 5 (Presence of carotid plague at baseline and follow- up), the corrected values for no. of participants, no. (%) with 
plaque at baseline, no. (%) with plaque at 5 years, and no. (%) total participants with progression at 5 years are, respectively, 
n = 117; 43 (36.8), 50 (42.6), and 34 (29.1) for the not depressed SLE group; n = 32, 12 (37.5), 17 (53.1), and 13 (40.6) for the 
depressed SLE group; n = 122, 48 (39.3), 41 (33.6), and 19 (15.6) for the not depressed control group; and n = 4, 3 (75), 3 (75), 
and 0 (0.0) for the depressed control group. Depression status is defined as depressed at both baseline and 5- year follow- up.
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Use of Physical Therapy in Patients With Osteoarthritis in 
Germany: An Analysis of a Linkage of Claims and Survey 
Data
Hannes Jacobs,1  Johanna Callhoff,2  Katinka Albrecht,2  Anne Postler,3 Joachim Saam,4 Toni Lange,5 
Jens Goronzy,3 Klaus- Peter Günther,3 and Falk Hoffmann1

Objective. To examine the utilization of physical therapy (PT) and predictors for its use in individuals with 
osteoarthritis (OA) while focusing on sociodemographic and disease- related factors.

Methods. For this cross- sectional study, 657,807 patients (age 30– 79 years) diagnosed with hip, knee, or 
polyarticular OA were identified in claims data. In 2016, a questionnaire including information on disease status, 
demography, and socioeconomics was sent to a random sample of 8,995 patients stratified by sex, age, and type 
of diagnosis. Claims data from 2016 included the utilization and type of PT, as well as the prescribing medical 
specialist, and were linked to questionnaire data. Multivariable logistic regression was conducted to determine 
variables associated with the use of PT.

Results. In total, 3,564 (40%) patients completed the questionnaire and agreed to linking questionnaire and 
claims data (69% female, mean age 66.5 years). In 2016, 50% of the study population received PT at least once, and 
women received it more frequently than men (53% versus 43%). Most PT was prescribed by orthopedists (45%) and 
general practitioners (32%). Multivariable logistic regression showed that women, higher household income, having 
both hip and knee OA, lower functional status, higher disease activity, and individuals living in the eastern, southern, 
and western states of Germany were associated with an increased utilization of PT.

Conclusion. Considering current guideline recommendations and that more than one- third of OA patients with 
high functional impairment and/or pain did not receive PT in the last 12 months, there is considerable potential for 
improvement. This is especially true for men and individuals with a low income.

INTRODUCTION

Osteoarthritis (OA) is the most common joint disorder and a 
leading cause of disability in older adults (1,2). Worldwide prevalence 
in individuals age >60 years is estimated at 10% in men and 18% 
in women (3). Overweight individuals are more frequently affected 
by OA (4,5). Because of both demographic changes and increas-
ing populations with obesity in high-income countries, an increasing 
number of patients with this syndrome is to be expected (6).

OA is characterized by progressive, degenerative changes 
in the joints associated with pain, restriction in movement, and 
as a result, a diminished quality of life (7,8). As a consequence, 

primary goals in OA therapy are pain reduction and long- term 
preservation of joint function. Guidelines of OA management 
recommend education/self- management, analgesic and antiin-
flammatory medication, and low-impact behaviors (e.g., weight 
reduction if overweight or obese) as nonsurgical treatments (9– 13).  
Furthermore, physical therapy (PT) is seen as one of the key ele-
ments of OA management (6,14). Exercise therapy as one of 
the main interventions in PT is particularly helpful in decreasing 
pain and preserving joint motion, for which high- quality evidence 
has been available for the past decade (15– 18).

Data on the utilization of PT in patients with OA are 
scarce and vary across studies, and the populations included 
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are diverse. Carter et al reported outpatient PT use in 7% of 
patients with musculoskeletal conditions, but only 2% of them 
had OA (19). In a large Taiwanese cohort of 25,000 incident OA 
patients, 25% received PT 12 months after diagnosis (20). In a 
Canadian cohort of adults with at least moderately severe hip 
or knee OA, 19% received PT within the past year; of those, 
65% had total joint replacement (TJR) surgery in the past year, 
and only 17% did not have TJR (21). Iversen et al reported 
the use of PT in 52% of patients with symptomatic knee OA, 
but these data refer to self- reports from patients enrolled in an 
exercise trial (22). In Germany, claims data showed the use of 
PT in 49% of patients with knee or hip OA 1 year before TJR 
(23).

Factors associated with the utilization of PT in patients with 
OA have been evaluated in a few studies. Most previous stud-
ies show that women receive PT more frequently than men (20– 
24), whereas Carter et al observed no differences (19). Being of 
younger age was another factor reported with a higher utilization 
of PT (25). Other studies showed no association between younger 
age and PT but less frequent utilization in the elderly (>65 years) 
(19,20) or no correlation at all (22,23). Higher income or educa-
tion were associated with higher PT utilization (19,20,22). How-
ever, results are inconsistent (19– 26). Other important clinical and 
patient- reported factors such as functional status, comorbidities, 
and body mass index (BMI) have not been examined sufficiently. 
Taken together, most studies on the utilization of PT in OA include 
selected populations, and knowledge on the factors associated 
with its use is limited.

Therefore, this study aimed to evaluate the utilization of PT in 
a more representative sample of patients with OA as well as to iden-
tify factors associated with higher utilization by taking advantage of 
the linkage of claims data and self- reported patient outcomes.

MATERIALS AND METHODS

Study design, sample, and study population. For this 
cross- sectional study, data were obtained from Germany’s sec-
ond largest nationwide statutory health insurance fund (BARMER), 
which insured 9.5 million individuals in 2016 (27). Study participants 
had to be insured continuously in 2013 and 2014, and an out-
patient claim with an OA diagnosis (International Classification of 
Diseases, Tenth Revision, German Modification [ICD- 10- GM] code 
M15 [polyarticular], M16 [hip], M17 [knee]) was required in at least 
2 quarters of the year 2014. We considered only these types of 
OA because they are highly prevalent in the general population and 
have great impact on an individual’s quality of life. Of these 657,807 
OA patients, a random sample (n = 9,734) was drawn stratified 
by sex (female, male), age (30– 39, 40– 49, 50– 59, 60– 69, 70– 79 
years), and type of diagnosis (M15, M16, M17). After exclusion 
of deceased persons or individuals who had changed insurance, 
8,995 questionnaires were sent in June 2016, with a reminder sent 
in September 2016 to those who had not answered within 8 weeks. 
A positive ethics vote was issued in 2015 by the Ethics Committee 
of the Charité Universitätsmedizin Berlin (EA1 / 051/15).

Data collection. Claims data. All information from claims 
data referred to the year of the survey (2016). In Germany, PT 
is prescribed by a physician. The prescription (including the 
referring medical specialist, type of interventions, and number of 
treatments) is handed out to the patient, who then seeks a PT 
practice. After treatment, the PT practice transfers the prescrip-
tion to the health insurance fund in order to get reimbursed, and 
then this procedure is recorded in claims data. The type of PT 
is coded according to a standardized index for therapeutic ser-
vices (28) (therapist massage: X01; manual lymphatic drainage: 
X02; therapeutic exercise: X03– X10; traction therapy: X11; man-
ual therapy: X12; electrotherapy: X13; and thermotherapy: X15).

The referring group of the prescribing medical specialist was 
analyzed based on specific national provider identifying numbers (29) 
(general practitioner [01– 03], orthopedist [06, 10– 12], rheumatolo-
gist [31], or any other medical specialist [any other national provider 
identifying number]). Physicians who have used special account-
ing rheumatologic codes (13690, 13691, 13692, 13700, 13701, 
99012) were considered as rheumatologists. Specialist medical care 
was defined according to whether the patient had visited the corre-
sponding specialist at least once in the last 12 months.

Independent of stratification, 4 mutually exclusive, hierarchi-
cal groups were defined for analyses: polyarticular OA, hip and 
knee OA, hip OA, and knee OA. Patients with hip and knee OA 
were only considered in the combined group. Comorbidities (at 
least 1 outpatient diagnosis) were identified via ICD- 10- GM codes 
and classified by the Elixhauser comorbidity index (30). Data on 
demography (age, sex, residential area [North: Bremen, Hamburg, 
Lower Saxony, Schleswig- Holstein; East: Berlin, Brandenburg, 
Mecklenburg- Vorpommern, Saxony, Saxony- Anhalt, Thuringia; 

SIGNIFICANCE & INNOVATIONS
• The current study combined information on the 

utilization of physical therapy (PT) retrieved from 
claims data with information on disease- related 
and sociodemographic factors from patient- 
reported questionnaire data.

• In Germany, 50% of patients with osteoarthritis re-
ceived PT at least once in the last 12 months, mostly 
prescribed by orthopedists and general practition-
ers.

• Female sex, higher household income, lower func-
tional status, increased disease activity, and affec-
tion of knee and hip joints were associated with 
higher utilization of PT.

• More than one- third of patients with high function-
al limitations and/or pain (with a Western Ontario 
and McMaster Universities Osteoarthritis Index 
score ≥54.6) did not receive PT in the last year.
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South: Baden- Wuerttemberg, Bavaria; West: Hesse, North Rhine- 
Westphalia, Rhineland- Palatinate, Saarland]) were retrieved.

Survey data. The questionnaire included information on 
sociodemographic characteristics such as household income 
and size of town. To evaluate functional status, the Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
was used. This consists of 24 questions with 3 subscales, and 
it reports the components of pain, stiffness, and joint function-
ality as a total score (range 0– 100, 100 representing the worst 
outcome) (31). Because individuals might have >1 sympto-
matic joint, they were instructed to answer based on the most 
severely affected joint. Additionally, BMI (obtained from height 
and weight) was requested, and disease activity was deter-
mined by the number and location (0– 29) of chronically painful 
joints (i.e., continuous pain for at least 3 months in the last 
2 years). Psychological well- being/presence of depressive 
symptoms was assessed using the WHO- 5 Well- Being Index 
(WHO- 5) (32). Scores were transformed (range 0– 100) and 
categorized as moderate- to- severe (0– 28), mild (29– 50), and 
no (>50) depressive symptoms, an approach that has been 
validated in previous studies (32– 34).

Statistical analyses. Because we used stratified sampling, 
the total number of individuals returning questionnaires who gave 
their consent for linking questionnaire data to claims data was 
weighted according to sex, type of diagnosis, and age group dis-
tribution of the total OA population (n = 657,807) in the claims data 
for all analyses. Characteristics of the study population were ana-
lyzed descriptively (percentages and SEM) and stratified by sex. 
The SEM was used instead of the SD due to the stratified nature 
of the study sample. The proportions of PT utilized were calcu-
lated with a 95% confidence interval (95% CI) and stratified by 
sex, residential area, and sociodemographic and disease- related 
factors. The proportions of prescribing medical specialists were 
analyzed with a 95% CI as well as the mean number of prescrip-
tions and PT treatments. Univariable logistic regression analysis 
was used to determine the main demographic (age, sex, residen-
tial area, size of town), disease- related (WOMAC score, number 
of chronically painful joints, type of diagnosis, comorbidities, psy-
chological well- being [WHO5- score]), lifestyle factor (BMI), and 
socioeconomic (household income) characteristics that are asso-
ciated with the utilization of PT. Finally, all variables were included 
in a multivariable model. Odds ratios were calculated with a 95% 

Figure 1. Flow chart of the study population. ICD- 10- GM = International Statistical Classification of Diseases and Related Health Problems, 
Tenth Revision, German version.
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CI. Nonoverlapping 95% CIs were considered statistically signifi-
cant. For univariable and multivariable logistic regression, missing 
values for the WOMAC score, number of painful joints, WHO- 5 
score, household income, BMI, and size of town were imputed 
with multiple imputations (n = 10 imputations) (PROC MI) using 
the fully conditional specification method, assuming that data 
were missing at random. Data analyses were performed with 
SAS Enterprise Guide, version 9.4, using complex survey designs 
(SURVEYMEANS, SURVEYFREQ, and SURVEYLOGISTIC) that 
incorporated the stratified design into the analyses.

RESULTS

Response. A total of 8,995 individuals received the ques-
tionnaire. Of those, 3,775 (42%) responded, and after excluding 
invalid questionnaires and those who did not give their consent for 
linking questionnaire data to claims data, a total of 3,564 individu-
als were included in the analyses (Figure 1).

Individuals who responded were slightly older than those 
who had not responded (67.2 years versus 65.8 years), and 
the proportion of women was slightly higher (71% versus 69%). 

Table 1. Characteristics of the study population*

Characteristic
Women  

(n = 1,952, 69.4%)
Men  

(n = 1,612, 30.6%)
Total  

(n = 3,564)
Age, mean ± SEM years (n = 3,564) 66.8 ± 0.08 65.9 ± 0.08 66.5 ± 0.06
Diagnosis (n = 3,564)

Knee OA 48.3 (45.5– 51.2) 52.2 (49.3– 55.1) 49.5 (47.4– 51.7)
Hip OA 21.9 (19.6– 24.1) 28.9 (26.2– 31.5) 24.0 (22.2– 25.8)
Polyarticular OA 16.3 (14.4– 18.1) 7.3 (6.4– 8.3) 13.5 (12.2.14.9)
Hip and knee OA 13.5 (11.6– 15.5) 11.6 (9.7– 13.5) 12.9 (11.5– 14.4)

Medical consultation (n = 3,564)†
General practitioner 97.9 (97.2– 98.6) 98.0 (97.2– 98.7) 97.9 (97.4– 98.4)
Orthopedist 65.3 (62.6– 68.0) 59.9 (57.0– 62.7) 63.6 (61.6– 65.7)
Rheumatologist 8.1 (6.6– 9.5) 4.4 (3.3– 5.5) 7.0 (5.9– 8.0)
Other 96.4 (95.4– 97.4) 95.8 (94.8– 96.9) 96.2 (95.5– 97.0)

Household income, € (n = 3,313)
<1,500 35.0 (32.2– 37.8) 23.0 (20.4– 25.5) 31.3 (29.2– 33.4)
1,500– 3,200 54.0 (51.1– 56.9 63.0 (60.1– 65.9) 56.8 (54.6– 59.0)
>3,200 11.0 (9.4– 12.6) 14.0 (12.0– 16.0) 11.9 (10.6– 13.2)

WOMAC score, mean ± SEM  (n = 2,879) 39.6 ± 0.69 36.7 ± 0.70 38.7 ± 0.52
No. of painful joints (n = 3,417)

0 24.3 (21.7– 26.8) 26.9 (24.3– 29.6) 25.1 (23.1– 27.0)
1– 4 40.9 (38.1– 43.7) 48.7 (45.7– 51.7) 43.8 (41.1– 45.5)
>4 34.8 (32.1– 37.5) 24.4 (21.9– 26.9) 31.6 (29.6– 33.7)

Depressive symptoms (WHO- 5) (n = 3,334)
No 52.6 (49.6– 55.5) 57.3 (54.3– 60.3) 54.0 (51.8– 56.2)
Mild 23.6 (21.1– 26.1) 19.7 (17.3– 22.0) 22.4 (20.5– 24.3)
Moderate to severe 23.8 (21.4– 26.3) 23.0 (20.5– 25.5) 23.6 (21.7– 25.4)

BMI, mean ± SEM (n = 3,473) 28.4 ± 0.16 28.5 ± 0.13 28.4 ± 0.11
Elixhauser comorbidity index score (ref. 30) (n = 3,564)

0– 1 22.3 (20.1– 24.6) 24.5 (22.1– 26.9) 23.0 (21.3– 24.7)
2– 4 49.9 (47.1– 52.7) 44.9 (42.0– 47.8) 48.4 (46.2– 50.5)
5– 7 21.8 (19.4– 24.2) 22.6 (20.2– 25.1) 22.1 (20.2– 23.9)
>7 6.0 (4.5– 7.4) 8.0 (6.3– 9.6) 6.6 (5.5– 7.7)

Residential area (n = 3,563)‡
North 14.7 (12.7– 16.7) 13.1 (11.1– 15.0) 14.2 (12.7– 15.7)
East 30.3 (27.6– 32.9) 28.8 (26.1– 31.5) 29.8 (27.8– 31.8)
South 19.3 (17.1– 21.6) 21.7 (19.3– 24.1) 20.1 (18.3– 21.8)
West 35.7 (33.6– 39.2) 36.4 (33.6– 39.2) 35.9 (33.9– 37.9)

Population of town (n = 3,451)
<5,000 25.0 (22.5– 27.4) 30.6 (28.0– 33.3) 26.7 (24.9– 28.6)
<20,000 25.4 (22.9– 27.8) 26.3 (23.7– 28.9) 25.6 (23.8– 27.5)
<100,000 25.0 (22.4– 27.5) 22.0 (19.5– 24.4) 24.0 (22.1– 25.9)
<500,000 12.9 (10.9– 14.9) 10.5 (8.7– 12.3) 12.1 (10.7– 13.6)
≥500,000 11.8 (10.0– 13.7) 10.6 (8.8– 12.4) 11.4 (10.0– 12.9)

* Values are the percentage (95% confidence interval) unless indicated otherwise. Numbers are not weighted, percentages are 
weighted. BMI = body mass index; OA = osteoarthritis; WHO- 5 = WHO- 5 Well- Being Index; WOMAC = Western Ontario and McMaster 
Universities Osteoarthritis Index (Q1 = score ≤22.8; Q2 = score 22.9–39.5; Q3 = score 39.6–55.0; Q4 = score >55.0). 
† Medical consultation: at least 1 consultation in 2016. 
‡ North: Bremen, Hamburg, Lower Saxony, Schleswig- Holstein; East: Berlin, Brandenburg, Mecklenburg- Western Pomerania, 
Saxony, Saxony- Anhalt, Thuringia; South: Baden- Wuerttemberg, Bavaria; West: Hesse, North Rhine- Westphalia, Rhineland- 
Palatinate, Saarland. 
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Prescription of opioids (15% versus 14%) and number of comor-
bidities according to the Elixhauser comorbidity index (median 2.5 
versus 2.7) were comparable. There were larger differences in the 
prescription of nonsteroidal antiinflammatory drugs (48% versus 
37%) and outpatient orthopedic care (58% versus 45%).

Characteristics of the study population. Table 1 gives 
an overview of the patients’ main sociodemographic and disease- 
related characteristics stratified by sex. A total of 69% were female, 
and the mean age was 66.5 years. Overall, 31% had a household 
income <€1,500. In 2016, 98% of the patients were treated at 
least once by a general practitioner (96% by other specialists, 64% 
by orthopedists, and 7% by rheumatologists). The mean WOMAC 
score was 38.7. In total, 25% had no, 44% had 1– 4, and 32% 
had >4 chronically painful joints in the last 2 years. A total of 22% 
had mild signs of depression, and 24% had moderate- to- severe 
signs of depression according to the WHO- 5. The proportion of 
women with a household income <€1,500 was higher than that 
of men (35% versus 23%). Women were more often diagnosed 
with polyarticular OA (16% versus 7%), and men were more fre-
quently affected by hip OA (29% versus 22%).

Frequency of prescriptions for PT. Overall, 50% of the 
study population received PT at least once in 2016. Therapeutic exer-
cise was the type of PT prescribed most commonly (36%), followed 
by manual therapy (16%) and thermotherapy (13%) (see Supplemen-
tary Tables 1 and 2, available on the Arthritis Care & Research web-
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24365/ abstract). 
The mean number of prescriptions accounted for was 3.9 (95% CI 
3.7– 4.1), and the mean number of PT treatments was 24.8 (95% CI 
23.2– 26.3). Regarding prescribing medical specialist, most PT was 
prescribed by orthopedists (45%; 32% by general practitioners, 20% 
by other medical specialists, and 3% by rheumatologists).

Women received PT more frequently than men (54% versus 
43%) (Table 2). This pattern was observed in every type of PT (see 
Supplementary Table 1, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24365/ abstract). The proportion of patients with 
PT increased by age, from 43% in the age group 30– 39 years to 
53% in patients 70– 79 years, with the exception of those 60– 69 
years of age (46%). Patients living in the eastern (59%) or southern 
(52%) states of Germany received PT more frequently than those 
living in the northern (48%) or western (42%) states. Manual ther-
apy and thermotherapy were prescribed much more frequently in 
the eastern states of Germany, but therapeutic exercise was pre-
scribed to a lesser extent than in the other states (see Supplemen-
tary Table 2, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24365/ abstract). No differences were observed in size of town.

The utilization of PT increased in patients with a higher WOMAC 
score, high numbers of painful joints, comorbidities, and depressive 
symptoms (Figure 2 and Supplementary Table 3, available on the 
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24365/abstract). The proportion of patients who 

had PT was smallest in those with a WOMAC score ≤22.8 (37%) and 
highest in those with a WOMAC score >55.0 (63%). PT was also pre-
scribed more frequently if the knee and hip were affected by OA.

Univariable and multivariable logistic regression: pre-
dictors for utilization of PT. Univariable logistic regression mod-
els showed that female sex, hip and knee affection, higher WOMAC 
score, number of chronically painful joints, depressive symptoms, ≥5 
comorbidities, and living in north, east, or south Germany were asso-
ciated with higher PT utilization, whereas age, household income, 
BMI, and town size had no influence (Table 3). Multivariable logis-
tic regression analysis revealed that female sex, having hip or knee 
OA, a higher WOMAC score, an increasing number of painful joints, 
and residential area were associated with receiving PT to a higher 
extent. Furthermore, patients with a household income <€1,500 
were associated with less frequent utilization of PT. The number of 
comorbidities and psychological well- being did not remain statisti-
cally significant in the multivariable model, and age and BMI still had 
no influence on the frequency of utilization of PT.

DISCUSSION

The linkage of claims data with patient- reported out-
comes enabled us to assess the impact of disease- related and 

Table 2. Utilization of physical therapy (PT) in 2016 depending on 
sociodemographic factors*

Sociodemographic factors Proportion with PT
Overall 50.0 (47.9– 52.2)
Age, years

30– 39 43.4 (37.6– 49.2)
40– 49 45.6 (41.2– 50.1)
50– 59 50.2 (46.2– 54.1)
60– 69 46.1 (42.5– 49.8)
70– 79 53.1 (49.5– 56.7)

Sex
Women 53.1 (50.3– 55.9)
Men 43.1 (40.2– 46.0)

Household income, €
<1,500 50.0 (45.8– 54.2)
1,500– 3,200 50.2 (47.2– 53.1)
>3,200 49.8 (44.1– 55.4)

Population of town
<5,000 51.5 (47.4– 55.6)
<20,000 47.9 (43.7– 52.2)
<100,000 45.5 (40.9– 50.1)
<500,000 53.5 (47.1– 60.0)
≥500,000 57.3 (50.9– 63.7)

Residential area†
North 48.3 (42.6– 54.0)
East 58.9 (55.0– 62.9)
South 52.4 (47.6– 57.1)
West 42.0 (38.6– 45.5)

* Values are the percentage (95% confidence interval). Percentages
are weighted. 
† North: Bremen, Hamburg, Lower Saxony, Schleswig- Holstein; East: 
Berlin, Brandenburg, Mecklenburg- Western Pomerania, Saxony, 
Saxony- Anhalt, Thuringia; South: Baden- Wuerttemberg, Bavaria; 
West: Hesse, North Rhine- Westphalia, Rhineland- Palatinate, Saarland. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24365/abstract
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socioeconomic parameters on the utilization of PT in a large and 
heterogeneous population of individuals with OA. In 2016, 50% 
of the study population received PT at least once. In addition to 
higher utilization in women and individuals with high household 
income, more frequent utilization with higher disease burden was 
observed both in terms of the extent of pain and functional impair-
ment and of the number of joints affected. Nevertheless, one- third 
of patients with high disease severity did not receive PT in the last 
12 months.

Compared to previous studies, our results on the utilization 
of PT were high (19– 21,35). For example, in a Taiwanese cohort, 
Yeh et al observed that 25% of incident OA patients received 
PT 12 months after their diagnosis (20). Less utilization may be 
explained by the fact that disease burden and disease activity in 
incident cases is lower. This corresponds to findings from a Cana-
dian cohort of patients with at least moderately severe hip or knee 
OA, in which only 17% of adults without TJR but 65% of those with 
TJR received PT in the past year (21). In Germany, claims data from 
the same statutory health insurance fund as in the current study 
revealed comparably high PT utilization as the frequency identified 
here (49%) but in patients with knee or hip OA 1 year before TJR 
(23). In the US, comparably high utilization of PT as seen in the 
current study was observed in a population of patients with OA or 
rheumatoid arthritis by Hagglund et al (including occupational ther-
apy) (39%) (36) and by Iversen et al (52%) (22), although the latter 

included study participants recruited for a clinical trial of exercise 
to manage symptomatic knee OA, which potentially led to a greater 
preference for PT in managing knee symptoms.

Utilization of PT in patients with OA has been associated 
with a variety of factors. For example, most previous studies 
have shown that men receive PT significantly less than women 
(20,22,23,25,35). We also observed a higher utilization of PT in 
women, confirming these findings. On the one hand, a plausible 
explanation may be that the time- consuming nature of PT is a 
critical barrier for patients, especially for men, who tend to pre-
fer fast pain relief interventions such as drug treatment or surgery 
(37). Furthermore, Yeh et al speculated that men were less flex-
ible in scheduling PT appointments because they worked more 
hours than women (20). On the other hand, women prefer holistic 
approaches (38) and are less inclined to receive invasive treat-
ments (39). In addition, Hawker et al estimated that the poten-
tial need for arthroplasty was more than twice as great among 
women than among men (37), which also suggests that women 
are more receptive of conservative treatments like PT.

Age is another parameter that is discussed as an influencing 
factor for the utilization of PT. Rommel et al observed a higher 
utilization with increasing age for all residents in Germany age 
18– 79 years (35). Other studies showed no association between 
younger age and PT but less utilization in the elderly (>65 years) 
(19,20,40,41), which is surprising because function decreases 

Figure 2. Proportion of physical therapy depending on disease- related factors in percentages with 95% confidence intervals. Percentages are 
weighted. Comorbidities are classified by the Elixhauser comorbidity index. Depressive symptoms (no, mild, moderate [mod]/severe [sev]) are 
grouped by the WHO- 5 Well- Being Index (WHO- 5). BMI = body mass index (kg/m2); GP = general practitioner; ICD- 10 = International Statistical 
Classification of Diseases and Related Health Problems, Tenth Revision; NOPJ = number of painful joints; O = orthopedist; other = any other 
medical specialist; poly = polyarticular osteoarthritis; R = rheumatologist; WOMAC = Western Ontario and McMaster Universities Osteoarthritis 
Index (Q1 = score ≤22.8; Q2 = score 22.9– 39.5; Q3 = score 39.6– 55.0; Q4 = score >55.0). Error bars indicate 95% confidence intervals.
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with increasing age, which would suggest a greater need for PT. A 
possible explanation is that low mobility or functional limitations of 
older adults may represent a hurdle for reaching the PT practice. 
Consequently, older adults’ preference for treatment may shift 
away from PT. However, there are also several studies showing no 
association at all between age and the utilization of PT (22,23,42). 
The results of the current study also showed no clear association 
between age and the utilization of PT.

Patients affected by both hip and knee OA had a significantly 
higher rate of PT utilization. It is likely that patients having both 
diagnoses are affected more with regard to pain and functional 
outcomes. This corresponds to our finding of a clear and statisti-
cally significant association between patient- reported limitation of 
functional status and the utilization of PT, confirming the results 
of previous studies of patients with musculoskeletal conditions 
(19,21,22,43,44). Both higher disease status (WOMAC score) 

and higher disease activity (number and location of chronically 
painful joints) were associated with greater utilization of PT. How-
ever, this also means that more than one- third of those with highly 
functional limitations and/or with >4 chronically painful joints did 
not receive PT in the last 12 months. For those patients, it might 
not be possible to receive PT continuously for years, but no con-
tact at all with a physical therapist within 1 year might reduce the 
chances of pain relief, better joint function, and therefore improved 
quality of life (15,18).

Level of education and income are proxy measures for socio-
economic status (SES). To avoid collinearity, we selected house-
hold income to represent SES, and therefore, education was 
omitted from the model. While some studies provide evidence 
for an impact of education on the utilization of PT in the gen-
eral population and in patients with musculoskeletal conditions 
or OA (19,22,36,40), few data are available on income (22). In 

Table 3. Factors associated with a higher utilization of physical therapy: results from univariable and 
multivariable logistic regression analyses (n = 3,564)*

Characteristic Reference

Odds ratio (95% confidence interval)

Univariable 
analysis

Multivariable 
analysis

Sex
Women Men 1.50 (1.29– 1.68)† 1.47 (1.23– 1.75)†

Age Per 10 years 1.05 (0.99– 1.13) 1.05 (0.96– 1.15)
Diagnosis

Hip and knee OA Hip OA 1.59 (1.26– 2.02)† 1.50 (1.09– 2.07)†
Knee OA Hip OA 1.01 (0.86– 1.18) 1.03 (0.82– 1.28)
Polyarticular OA Hip OA 0.88 (0.73– 1.06) 0.87 (0.66– 1.15)

Household income, €
1,500– 3,200 <€1,500 1.06 (0.87– 1.29) 1.21 (0.98– 1.50)
>3,200 <€1,500 1.11 (0.85– 1.46) 1.53 (1.13–  2.07)†

WOMAC score Per 10 units 1.17 (1.12– 1.23)† 1.11 (1.05– 1.18)†
No. of painful joints

1– 4 None 2.08 (1.66– 2.62)† 2.85 (1.44– 2.37)†
>4 None 2.88 (2.26– 3.67)† 2.21 (1.68– 2.91)†

Depressive symptoms (WHO- 5)
Mild No 1.24 (1.99– 1.55)† 1.00 (0.78– 1.28)
Moderate to severe No 1.68 (1.35– 2.09)† 1.20 (0.92– 1.57)
BMI Per 10 units 1.11 (0.94– 1.30) 0.91 (0.76– 1.10)

Elixhauser comorbidity index score (ref. 30)
2– 4 0– 1 1.15 (0.98– 1.34) 1.1 (0.87– 1.38)
5– 7 0– 1 1.32 (1.98– 1.60)† 1.24 (0.92– 1.67)
>7 0– 1 1.78 (1.29– 2.44)† 1.24 (0.80– 1.91)

Residential area‡
North West 1.56 (1.27– 1.91)† 1.38 (1.04– 1.85)†
East West 2.10 (1.78– 2.47)† 1.95 (1.55– 2.46)†
South West 1.55 (1.30– 1.85)† 1.57 (1.22– 2.02)†

Population of town
<20,000 <5,000 0.86 (0.67– 1.09) 0.85 (0.66– 1.08)
<100,000 <5,000 0.78 (0.91– 1.00) 0.84 (0.65– 1.09)
<500,000 <5,000 1.07 (0.79– 1.45) 1.09 (0.79– 1.50)
≥500,000 <5,000 1.26 (0.92– 1.71) 1.12 (0.82– 1.54)

* Missing values imputed from 3% in body mass index (BMI) to 19% in Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC). OA = osteoarthritis; WHO- 5 = WHO- 5 Well- Being Index. 
† Odds ratios of variables significantly associated with the utilization of physical therapy. 
‡ North: Bremen, Hamburg, Lower Saxony, Schleswig- Holstein; East: Berlin, Brandenburg, Mecklenburg- 
Western Pomerania, Saxony, Saxony- Anhalt, Thuringia; South: Baden- Wuerttemberg, Bavaria; West: Hesse, 
North Rhine- Westphalia, Rhineland- Palatinate, Saarland. 
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the multivariate analysis of the current study, household income 
<€1,500 was negatively associated with PT utilization compared 
to an income of >€3,200 per month, although in the univariate 
analysis, the association was not significant. In the high-income 
group, WOMAC scores were lower, and depression was pres-
ent less often. Both lower WOMAC scores and less depression 
are associated with low levels of PT utilization, which explains 
this finding. In a comparable analysis, an association between 
household income and PT utilization was not found in individuals 
with rheumatoid arthritis (42). A possible explanation might be the 
smaller proportion of women and the older study population in the 
current study.

A few studies have investigated the influence of the size of 
town on the utilization of PT (20,40). For example, in community- 
based individuals ≥65 years of age, Freburger et al observed no 
differences in the utilization of PT in patients living in a rural or met-
ropolitan area, but those living in a metropolitan area had a greater 
number of PT visits (40). Carter et al reported a pattern with a 
positive association from residing in an urban area for patients 
with musculoskeletal conditions (19). We found no variations 
in the size of town in which patients resided, but we observed 
regional differences in PT utilization. Especially in the eastern 
states of Germany, PT seems to play an essential role in the care 
of patients with musculoskeletal conditions. These regional varia-
tions were also found for PT utilization in the general population, 
both in questionnaire data (35) and claims data (45), as well as for 
specific diagnoses (23,25). Furthermore, results from the current 
study show that manual therapy and thermotherapy in particular 
are more frequently prescribed in East Germany, while exercise 
therapy is prescribed less often.

The main strength of the current study is the linkage of claims 
data from a nationwide statutory health insurance fund to ques-
tionnaire data from patients with OA. Utilization of PT, the pre-
scribing medical specialist, and residential area are validly coded 
in claims data. Questionnaire data provided valuable additional 
information on disease- related, psychological, and lifestyle fac-
tors. Consequently, we were able to link the utilization of PT to 
patient- reported information such as pain and functional status, 
which, as far as we know, has not been done before.

Some limitations have to be considered as well, mainly relat-
ing to the data used. The representativeness of the data needs to 
be discussed, as there are differences in the sociodemographic 
characteristics between several funds (46). Compared to the 
general population, individuals insured with Barmer were slightly 
older (mean age 53.7 years versus 52.4 years) and less often male 
(39% versus 47%), but there was no difference regarding higher 
education (28% versus 29%) (47). This might, to some extent, 
have led to differences in PT utilization. In addition, we were not 
able to determine whether a prescription of PT was related to the 
OA diagnosis coded in claims data or whether it was due to some 
other indication, which could have led to a higher utilization of PT. 
However, PT utilization in the German general population is lower 

(35); thus, a large proportion of PT visits should be due to OA. 
Moreover, medical specialists could have recommended other 
types of exercise (e.g., muscle strengthening in a gym), which 
were not available in claims data. Furthermore, individuals may 
have received PT in prior years and had already established an 
individualized program for themselves independently, or they may 
have worked with another type of health care practitioner. How-
ever, when evaluating the utilization of PT in the 2 years before the 
survey, 53% and 51% of the study population received PT at least 
once in 2014 and 2015, which is the same as in 2016. Utilization 
regarding sex, age, and residential region was also comparable to 
that in 2016, which suggests that this limitation did not hamper 
our findings. Another limitation is that the patients who responded 
are not completely representative of the whole sample. It is possi-
ble that the responders on average had a higher disease burden 
or greater dissatisfaction with their health care, which could have 
led to an overestimation of PT utilization for the general popula-
tion of individuals with hip, knee, or polyarticular OA. However, 
we were able to compare characteristics of responders and non-
responders using claims data. Finally, the data did not contain 
additional information on other potential influencing factors, such 
as provider characteristics (e.g., sex of the medical specialist and 
distance to the physical therapist), access to health care (e.g., 
copayment and transportation costs), or the perceived need for 
PT (19,20,22,40,48).

In conclusion, compared to the findings of previous studies, 
the utilization of PT by individuals with OA in the current study was 
high. Nevertheless, considering current OA management guide-
lines, which recommend PT as a first- line approach to conservative 
OA management, a higher utilization of PT is desirable. Clinicians 
and patients can be encouraged to utilize PT more often, espe-
cially male patients, individuals with a low household income, and 
patients with a high disease burden and functional limitations.
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Structural Characteristics Associated With Radiographic 
Severity of First Metatarsophalangeal Joint Osteoarthritis
Andrew K. Buldt,1  Shannon E. Munteanu,1  Jamie J. Allan,1 Jade M. Tan,1  Maria Auhl,1 Karl B. Landorf,1

Edward Roddy,2  and Hylton B. Menz1

Objective. To determine whether foot structure varies according to the presence and radiographic severity of first 
metatarsophalangeal (MTP) joint osteoarthritis (OA).

Methods. Weight- bearing dorsiplantar and lateral radiographs were obtained for the symptomatic foot of 185 
participants (105 women, ages 22– 85 years) with clinically diagnosed first MTP joint OA. A validated atlas was used 
to classify participants as having radiographic first MTP joint OA and to stratify into 3 categories of severity (none/
mild, moderate, severe). Bone length and width and angular measures of the forefoot and medial arch were performed 
on radiographs, and differences between categories were compared using univariate general linear models, adjusting 
for confounders.

Results. A total of 150 participants were categorized as having radiographic first MTP joint OA, and participants 
were further stratified into none/mild (n = 35), moderate (n = 69), or severe (n = 81) OA categories. Participants 
with radiographically defined first MTP joint OA displayed a greater hallux abductus interphalangeal angle. Greater 
radiographic severity of first MTP joint OA was associated with a larger hallux abductus interphalangeal angle, 
a wider first metatarsal and proximal phalanx, and a smaller intermetatarsal angle. No differences in medial arch 
measurements were observed between the categories.

Conclusion. First ray alignment and morphology differed according to the presence and severity of first MTP joint 
OA. Prospective studies are required to determine whether the observed differences are a cause or consequence of OA.

INTRODUCTION

Osteoarthritis (OA) of the first metatarsophalangeal (MTP) joint 
affects 7.8% of the population age ≥50 years and is more preva-
lent in women and those who work in manual occupations (1). The 
clinical symptoms of first MTP joint OA include pain and stiffness 
in and around the joint, leading to significant reduction in quality of 
life and locomotor function, with 71% of people with the condition 
reporting disabling symptoms (1,2). Greater radiographic severity 
of first MTP joint OA is associated with a higher prevalence of pain 
and deformity and a lower range of joint motion, suggesting that 
it may be a progressive disorder (3). However, despite many risk 
factors being suggested, such as age, female sex, and trauma, 
the mechanisms responsible for the development and progres-
sion of first MTP joint OA are not well understood (4).

Variations in skeletal structure have been identified as an 
intrinsic risk factor for the development and progression of OA 
in a number of lower- extremity joints, including the knee and hip 
(5,6). These variations have been attributed to altered joint biome-
chanics, resulting in changes to the normal distribution of forces 
acting at the joint (7). For example, in individuals with medial 
compartment knee OA, varus alignment of the knee increases 
the knee adduction moment and alters joint compression forces 
within the medial compartment during gait (8,9). This change in 
joint biomechanics has been shown to be associated with disease 
severity and progression (10,11).

Although variations in skeletal structure of the foot are pos-
sibly an intrinsic risk factor for first MTP joint OA, the association 
between first MTP joint OA and the structure of the foot is unclear. 
Our previous systematic review found evidence that people with 
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first MTP joint OA exhibit a wider first metatarsal, wider proxi-
mal phalanx of the hallux, longer hallux, and more dorsiflexed 
first meta tarsal compared to people without the condition (12). 
However, the studies included in the systematic review were 
limited in that they defined first MTP joint OA using only clinical 
symptoms or did not use a valid atlas to confirm the presence of 
radiographically defined first MTP joint OA. These issues make the 
interpretation of results from previous research difficult because 
the definition of first MTP joint OA varies between studies (12). 
The aims of this study were to use a foot- specific radiographic 
atlas to determine whether skeletal differences exist in people with 
and without first MTP joint OA, and whether skeletal variations are 
associated with first MTP joint OA severity.

SUBJECTS AND METHODS

Participants. The study sample consisted of 185 individuals 
who participated in 2 clinical trials of nonsurgical interventions for 
first MTP joint OA (13,14). All participants had a clinical diagnosis 
of first MTP joint OA and met the following inclusion criteria: 1) age  
≥18 years, 2) report of having pain in the first MTP joint on most 
days for at least 12 weeks, 3) report of having pain rated at least 
30 mm on a 100- mm visual analog scale, 4) description of pain on 
palpation of the dorsal aspect of the first MTP joint, 5) restricted 
dorsiflexion of the first MTP joint (<64° of dorsiflexion range 
of motion), and 6) ability to walk household distances (>50 meters) 
without the aid of a walker. Exclusion criteria included: 1) previ-
ous first MTP joint surgery, 2) current pregnancy, 3) significant first 
MTP joint deformi  ty, including hallux valgus (defined as a score of 
2 or 3 using the Manchester scale) (15), 4) the presence of any 
condition within the foot or ankle that could confound pain and 
functional assessments of the first MTP joint, or 5) the presence of 

inflammatory conditions such as gout or rheumatoid arthritis. The 
La Trobe University Human Ethics Committee approved the studies 
from which participants were drawn (HEC15128 and HEC18375). 
All radiographic procedures were performed according to the 
National Health and Medical Research Council of Australia National 
Statement on Ethical Conduct in Human Research (16).

Radiographic assessment. Weightbearing dorsiplantar 
and lateral radiographic projections were obtained for all partici-
pants while they were standing in a relaxed weightbearing position. 
If the participant had clinically defined first MTP joint OA in both 
feet, radiographs were taken on the most symptomatic foot. All 
radiographs were taken by the same medical imaging group using 
a Shimadzu UD150LRII 50 kW/30 kHz Generator and 0.6/1.2 
P18DE- 80S high- speed radiograph tube from a ceiling- suspended 
tube mount. AGFA MD40 CR digital phosphor plates in a 24- cm × 
30- cm cassette were also used. For dorsiplantar projections, the 
radiograph tube was positioned at an angle of 15° cephalad and 
centered at the base of the third metatarsal. For the lateral projec-
tion, the radiograph tube was positioned at an angle of 90° and 
centered at the base of the third metatarsal. The film focal distance 
was 100 cm for both projections.

Radiographs were assessed to confirm the presence 
and severity of radiographically defined first MTP joint OA. The 
La Trobe University Radiographic Atlas of Foot Osteoarthritis 
was used to assess radiographs (17). The atlas has moderate to 
excellent intrarater reliability and moderate to excellent interrater 
reliability and is used to determine the severity of osteophytes and 
joint space narrowing at the first MTP joint (17). The presence of 
osteophytes was graded as being either absent (score = 0), small 
(score = 1), moderate (score = 2), or severe (score = 3). The pres-
ence of joint space narrowing was graded as being either none 
(score = 0), definite (score = 1), moderate (score = 2), or severe 
(score = 3). All assessments were conducted by 2 experienced 
raters (SEM and HBM), who contributed to the development of 
the atlas.

Participants were defined as having radiographic first MTP 
joint OA if they recorded a score of ≥2 for either osteophytes or 
joint space narrowing in either projection (17). Participants were 
also assigned to 1 of 3 radiographic severity categories: none/mild 
OA (defined as 1 score of at least 1 and no score of ≥2 for either 
osteophytes or joint space narrowing from either the dorsiplan-
tar or lateral radiographs), moderate OA (defined as 1 score of at 
least 2 and no score of 3), or severe OA (defined as 1 score of 3).

Radiographic measurements of foot structure. The 
selection of radiographic measurements was based on the need 
to comprehensively characterize both the structure and architec-
ture of the foot in individuals with first MTP joint OA using mea-
sures that had adequate reliability and validity. For all participants, 
the following variables were measured from dorsiplantar radio-
graphs: first metatarsal length, first metatarsal width, proximal 

SIGNIFICANCE & INNOVATIONS
• This is the first study to evaluate foot structure of 

individuals with first metatarsophalangeal joint 
osteoarthritis determined using a validated radio-
graphic atlas.

• Weight- bearing dorsiplantar and lateral radio-
graphs were obtained for the symptomatic foot 
of 185 participants with clinically diagnosed first 
meta tarsophalangeal joint osteoarthritis.

• Participants with radiographically defined first 
meta tarsophalangeal joint osteoarthritis displayed 
a greater hallux abductus interphalangeal angle. 
Increasing radiographic severity of first metatarso-
phalangeal joint osteoarthritis was associated with 
a larger hallux abductus interphalangeal angle, 
wider first metatarsal and proximal phalanx, and 
smaller intermetatarsal angle.

• First ray alignment and morphology differ accord-
ing to the presence and severity of first metatarso-
phalangeal joint osteoarthritis.
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phalanx length, proximal phalanx width, distal phalanx length, total 
hallux length, intermetatarsal angle, hallux abductus angle, hal-
lux abductus interphalangeal angle, metatarsus adductus angle 
(simplified technique), and metatarsal protrusion distance (18– 21). 
For the lateral radiographs, the following variables were meas-
ured: calcaneal- first metatarsal angle, first metatarsal declination  
angle, lateral intermetatarsal angle, dorsal proximal metatarsal 
angle,  dorsal proximal hallux angle, dorsal proximal phalangeal 
angle, plantar distal metatarsal angle, and plantar distal hallux 
angle (20,22– 24). Measurements are shown in Figures 1 and 
2, and detailed explanations are provided in Supplementary 
Table 1, available on the Arthritis Care & Research website at  
http://onlinelibrary.wiley.com/doi/10.1002/acr.24227/ abstract. 
All measurements were made on digital radiographs in the 
same manner for each participant by the same examiner (AKB). 
Test– retest (intrarater) reliability was evaluated by repeating all radi-
ographic mea surements on 2 separate occasions, 2 weeks apart.

Statistical analysis. All analyses were performed using 
IBM SPSS Statistics, release 24 for Windows. Reliability was 
calculated using intraclass correlation coefficients (ICCs) (model 
3,1) with 95% confidence intervals (95% CIs) (25). To deter-
mine whether there were any significant differences in radio-
graphic measurements between participants with and without 
radiographically defined first MTP joint OA, or within participants 
with different first MTP joint OA radiographic severity categories, 

univariate general linear models were calculated for all variables. 
To determine appropriate covariates for the models, a series 
of independent samples t- tests or chi- square tests were con-
ducted for the comparison of cases and non- cases. Covariates 
were identified where there were significant differences between 
severity categories (P values less than 0.05 were considered sig-
nificant). General linear models with the entry of covariates and 
least significant difference adjustment were conducted to deter-
mine differences in structural variables between cases and non- 
cases, and between severity categories of first MTP joint OA. For 
all analyses, adjusted mean differences were calculated, with P 
values less than 0.05 considered significant. Effect sizes (Cohen’s 
d) were calculated for all significant structural differences to allow 
comparison of magnitude of differences across measures.

RESULTS

Reliability. Mean ± SDs for tests and re- tests for all radio-
graphic measures, along with ICCs and 95% CIs, are shown in Sup-
plementary Tables 2–4. All measures displayed good- to- excellent 
intrarater reliability, with ICCs ranging between 0.82 and 0.98.

Participant characteristics. Participant characteris-
tics for participants with and without radiographic first MTP 
joint OA are shown in Table 1. Of the 185 participants, 150 
(81.1%) had radiographic first MTP joint OA. Participants with 

Figure 1. Dorsiplantar radiographic measurement techniques: bone length and width measurements. A, Second metatarsal length; B, First 
metatarsal length; C, Proximal phalanx length; D, Distal phalanx length; E, First metatarsal width; F, Proximal phalanx width. Dorsiplantar 
radiographic measurement techniques: angle measures; G, Intermetatarsal angle; H, Hallux abductus angle; I, Hallux abductus interphalangeal 
angle; J, Simplified metatarsus adductus angle; K, Metatarsal protrusion distance.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24227/abstract


BULDT ET AL 1026       |

radiographic first MTP joint OA exhibited significantly greater 
weight (mean difference 5.8 kg [95% CI 1.0, 10.6]), body mass 
index (BMI) (mean difference 1.9 kg/m2 [95% CI 0.2, 3.5]), and 
duration of symptoms (mean difference 35.9 months [95% CI 
7.3, 64.5]) compared to those without radiographic OA. For 
the general linear models, BMI and duration of symptoms were 
considered to be confounders and were entered as covari-
ates. Although weight was significantly different between 
cases and non- cases, it was not included in addition to BMI 

as a covariate to avoid possible overadjustment because the 2 
variables were strongly correlated (r = 0.799, P < 0.001).

Participant characteristics for the comparison between radio-
graphic severity categories are shown in Table 2. There were 35 
participants (18.9%) in the none/mild category, 69 (37.2%) in 
the moderate category, and 81 (43.8%) in the severe category. 
Participants in the severe category were significantly older than in 
categories for none/mild (mean difference 4.9 years [95% CI 0.7, 
9.1]) and moderate (mean difference 3.8 years [95% CI 0.5, 7.2]) 

Figure 2. Lateral radiographic measurement techniques. L, Calcaneal- first metatarsal angle; M, First metatarsal declination angle; N, Lateral 
intermetatarsal angle; O, Dorsal proximal metatarsal angle; P, Dorsal proximal hallux angle; Q, Dorsal proximal phalangeal angle; R, Plantar 
distal metatarsal angle; S, Plantar distal hallux angle.
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and exhibited significantly greater weight compared to both none/
mild (mean difference 9.1 kg [95% CI 4.1, 14.2]) and moderate 
(mean difference 7.0 kg [95% CI 2.9, 11.1]). The severe category 
also exhibited significantly greater BMI compared to the none/mild 
category (mean difference 2.5 kg/m2 [95% CI 0.7, 4.3]). Finally, 
the severe category exhibited significantly greater self- reported 
duration of symptoms compared to the categories for none/mild 
(mean difference 51.9 months [95% CI 21.5, 82.3]) and moderate 
(mean difference 33.2 months [95% CI 8.7, 57.8]).

Structural differences between participants with 
and without radiographic first MTP joint OA. Structural 
characteristics in case and non- case categories are shown 
in Table 3. The case category exhibited greater hallux abduc-
tus interphalangeal angle compared to the non- case category 
(mean difference 4.1° [95% CI 2.0, 6.3], d = 0.77). There were no 
other statistically significant differences in measures of structure 
between those with and without radiographic first MTP joint OA.

Structural differences according to radiographic 
severity in those with radiographic first MTP joint OA. 
Structural characteristics according to radiographic severity are 
shown in Table 4. The severe radiographic OA category exhibited 
a significantly wider first metatarsal compared to the moderate 
category (mean difference –1.0% [95% CI –1.9, –0.1], d = 0.54), 
a wider proximal phalanx compared to the moderate category 
(mean difference –2.2% [95% CI –3.7, –0.6], d = 0.51), a smaller 
intermetatarsal angle compared to both the none/mild (mean dif-
ference 1.1° [95% CI 0.2, 2.1], d = 0.37) and moderate (mean 

difference 0.8° [95% CI 0.1, 1.6], d = 0.36) categories, and a 
significantly greater hallux abductus interphalangeal angle com-
pared to the none/mild category (mean difference 4.3° [95% CI 
1.9, 6.7], d = 0.79). The moderate category displayed a greater 
hallux abductus interphalangeal angle compared to the none/mild 
category (mean difference 3.9° [95% CI 1.6, 6.2], d = 0.77).

DISCUSSION

The objective of this study was to determine whether skeletal 
foot structure varies according to the presence and radiographic 
severity of first MTP joint OA. To the best of our knowledge, this 
is the first study to evaluate foot structure of individuals with first 
MTP joint OA determined using a validated radiographic atlas. A 
comprehensive suite of radiographic measurements was used, 
and we found that some radiographic measurements related to 
first ray alignment and morphology differ according to the radio-
graphic severity of first MTP joint OA.

Among all structural variables, the hallux abductus inter-
phalangeal angle was the only measure that was significantly 
different between those with and without first MTP joint OA and 
between severity categories. The magnitude of the differences, 
determined by effect sizes, was also largest for this measurement. 
These findings indicate that there is greater lateral deviation of the 
distal phalanx relative to the proximal phalanx in individuals with 
radiographically defined first MTP joint OA. Furthermore, there 
was evidence of a dose- response relationship as the degree of 
distal phalanx deviation increased with increasing severity of radi-
ographic first MTP joint OA.

Two previous studies found no difference in hallux abduc-
tus interphalangeal angle between cases and controls (20,26). 
However, in those studies, the inclusion criteria used to recruit 
participants were either clinical symptoms or first MTP joint range- 
of- motion testing. In addition, 1 study only recruited participants 
with early signs of first MTP joint OA (26). Therefore, because our 
study recruited participants who exhibited a range of radiographic 
severities, the findings suggest that a temporal relationship may 
exist between longer duration of first MTP joint OA and lateral 
deviation of the distal phalanx.

The mechanism that leads to greater hallux abductus inter-
phalangeal angle may involve alterations in forces acting on the 

Table 1. Characteristics of participants with (case) and without 
(non- case) radiographically defined first MTP joint osteoarthritis*

Characteristic
Non- case  
(n = 35)

Case  
(n = 150) P

Age, years 55.0 ± 13.4 58.1 ± 9.9 0.12
Female, no. (%) 22 (62.9) 85 (56.7) 0.45
Height, cm 166.7 ± 8.5 166.9 ± 8.6 0.68
Weight, kg 74.2 ± 13.2 80.1 ± 13.1 0.02
Body mass index, kg/m2 26.8 ± 4.6 28.7 ± 4.5 0.03
Self- reported duration of 

symptoms, months
35.8 ± 42.3 72.9 ± 83.2 0.01

* Values are the mean ± SD unless indicated otherwise. MTP = 
metatarsophalangeal. 

Table 2. Participant characteristics according to radiographic severity of first MTP joint osteoarthritis*

Characteristic
None/mild  

(n = 35)
Moderate  
(n = 69)

Severe  
(n = 81) P

Age, years 55.0 ± 13.4 56.1 ± 10.8 59.9 ± 8.9 0.02†
Female, no. (%) 22 (62.9) 44 (63.8) 39 (48.1) 0.10
Height, cm 166.7 ± 8.5 165.2 ± 8.7 168.4 ± 8.3 0.57
Weight, kg 74.2 ± 13.2 76.3 ± 11.3 83.4 ± 13.7 <0.01†
Body mass index, kg/m2 26.8 ± 4.5 28.0 ± 4.6 29.3 ± 4.6 0.02‡
Duration, months 35.8 ± 42.3 56.6 ± 66.6 86.5 ± 93.8 <0.01†

* Values are the mean ± SD unless indicated otherwise. MTP = metatarsophalangeal. 
† Significant difference between none/mild and severe, and between moderate and severe. 
‡ Significant difference between none/mild and severe. 
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interphalangeal joint of the hallux when walking. This angular dif-
ference is supported by biomechanical research conducted on 
individuals with and without first MTP joint OA that found both 
greater force on the hallux when walking and greater lateral devi-
ation of the center of pressure in those with OA (27,28). These 
findings imply that a greater deviating force is placed on the hal-
lux in people with first MTP joint OA compared to people without 
the condition. However, more research is needed to understand 
the long- term effects that biomechanical variations related to first 
MTP joint OA have on adjacent joints of the foot.

We found that the first metatarsal and proximal phalanx were 
significantly wider in individuals with severe first MTP joint OA com-
pared to individuals with moderate first MTP joint OA. This finding 
is consistent with a previous study that found a significantly wider 
first metatarsal and proximal phalanx in cases of first MTP joint OA 
compared to asymptomatic controls (21). However, our findings 
are novel in that no difference was found between individuals with 
and without radiographic first MTP joint OA. There are 2 possible 
explanations for these findings. First, a wider first metatarsal and 
proximal phalanx may provide a relatively square (as opposed to 
round) joint surface that causes uneven and increased joint com-
pression, leading to the initial development and progression of the 
condition over time (21). Second, bony remodeling may occur in 
response to altered loading in individuals with first MTP joint OA, 
resulting in increased width of the first metatarsal and proximal 
phalanx.

Individuals with severe first MTP joint OA also exhibited a 
smaller angle between the first and second metatarsals com-
pared to both the none/mild and moderate categories, indicat-
ing a less medially deviated first metatarsal relative to the lateral 
forefoot. Studies of normal foot mechanics indicate that the 
first meta tarsal moves in a direction of adduction relative to bones 
of the midfoot, allowing for abduction of the hallux during the pro-
pulsive phase of gait (29). Our findings suggest that in people with 
first MTP joint OA, the first metatarsal does not move into adduc-
tion to adequately facilitate normal function of the first MTP joint. 
Such a mechanism may lead to increased joint compression in 
the first MTP joint. However, this observation is also possibly a 
consequence of first MTP joint pathology.

No significant differences were found for any angular mea-
surements from lateral projections that characterize foot posture. 
This result suggests that sagittal plane measures of the medial 
longitudinal arch are not associated with first MTP joint OA. In 
terms of previous research that investigated foot medial arch 
shape characteristics in people with first MTP joint OA, our find-
ings differ from Mahiquez et al, who found that individuals with 
a rearfoot valgus angle of 5°, indicative of a flatter foot, were 
23% more likely to develop first MTP joint OA (30). However, the 
findings of this prospective study used frontal plane heel position 
as an indicator of medial arch shape characteristics, whereas our 
study used a suite of lateral radiographic angular measurements. 
Further prospective work should use both sagittal plane and 

Table 3. Comparison of structural characteristics between participants with (case) and without (non- case) radiographically 
defined first MTP joint osteoarthritis*

Characteristic
Non- case  
(n = 35)

Case  
(n = 150) P

Adjusted mean  
difference (95% CI)

Dorsiplantar projection
First metatarsal length† 85.4 ± 3.6 84.6 ± 3.1 0.36 – 0.5 (– 1.7, 0.7)
Proximal phalanx length† 43.6 ± 3.3 43.6 ± 4.4 0.58 0.3 (– 1.2, 1.9)
Distal phalanx length† 30.9 ± 2.9 31.4 ± 3.2 0.40 0.3 (– 0.8, 1.5)
Hallux length† 74.6 ± 5.2 74.9 ± 6.5 0.90 0.1 (– 2.4, 2.2)
First metatarsal width‡ 19.8 ± 2.5 20.1 ± 2.6 0.72 0.3 (– 0.9, 0.9)
Proximal phalanx width‡ 38.5 ± 4.9 38.8 ± 4.7 0.96 – 0.1 (– 1.8, 1.6)
Intermetatarsal angle, ° 10.1 ± 2.7 9.6 ± 2.2 0.90 – 0.6 (– 1.5, 0.2)
Hallux abductus angle, ° 12.4 ± 5.6 10.9 ± 4.7 0.11 – 1.4 (– 3.3, 0.4)
Hallux abductus interphalangeal angle, ° 11.2 ± 5.5 15.6 ± 5.8 <0.01 4.1 (2.0, 6.3)§
Metatarsal protrusion distance, mm 2.2 ± 3.6 1.7 ± 3.6 0.48 – 0.6 (– 1.9, 0.8)

Lateral projection
Metatarsus adductus angle, ° 22.5 ± 5.4 22.9 ± 5.5 0.74 0.2 (– 1.8, 2.3)
Calcaneal, first metatarsal angle, ° 131.1 ± 8.9 132.3 ± 7.2 0.75 0.3 (– 2.6, 3.2)
First metatarsal declination angle, ° 24.2 ± 3.6 23.1 ± 3.2 0.19 – 0.7 (– 2.0, 0.5)
Lateral intermetatarsal angle, ° 1.9 ± 1.4 1.9 ± 1.2 0.82 – 0.1 (– 0.5, 0.4)
Dorsal proximal metatarsal angle, ° 89.9 ± 2.3 89.1 ± 2.6 0.19 0.6 (– 0.3, 1.6)
Dorsal proximal hallux angle, ° 84.8 ± 4.0 83.8 ± 5.8 0.29 1.1 (– 0.9, 3.2)
Dorsal proximal phalangeal angle, ° 76.3 ± 4.4 77.6 ± 5.6 0.15 – 1.5 (– 3.6, 0.6)
Plantar distal metatarsal angle, ° 82.1 ± 4.9 81.4 ± 5.6 0.89 1.0 (– 1.9, 2.2)
Plantar distal hallux angle, ° 89.6 ± 9.8 90.5 ± 7.9 0.35 – 1.7 (– 5.2, 1.9)

* Values are the mean ± SD unless indicated otherwise. Body mass index and duration of symptoms entered as covariates 
in general linear model. 95% CI = 95% confidence interval; MTP = metatarsophalangeal. 
† Expressed as a percentage of length of the second metatarsal. 
‡ Expressed as a percentage of length of the corresponding bone.
§ Effect size (d) = 0.77 showing significant difference. 
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frontal plane measures of foot posture to provide further insights 
into the association between medial arch shape characteristics 
and the development of first MTP joint OA.

We expected the plantar distal hallux angle, indicative of 
distal phalanx dorsiflexion, to be greater in severe first MTP joint 
OA as a compensatory response to the lack of dorsiflexion range 
of motion available in the first MTP joint. Such a finding was 
reported in a study whereby individuals with limited first MTP joint 
range of motion (<55°) displayed significantly greater dorsiflex-
ion of the hallux interphalangeal joint compared to controls with 
normal first MTP joint range of motion (31). However, no such 
significant difference was found. Rather, a comparatively greater 
variance in plantar distal hallux angle was found compared to other 
angular measures, particularly among individuals with severe first 
MTP joint OA. The greater variance in plantar distal hallux angle 
suggests that while some individuals displayed a dorsiflexed distal 
phalanx of the hallux, others displayed a plantarflexed hallux, sim-
ilar to that observed in a hammertoe deformity.

Strengths of this study include the use of a validated atlas 
for first MTP joint OA and the analysis of a comprehensive suite 
of radiographic measurements of foot structure. However, several 
limitations also need to be considered. First, because this was a 
cross- sectional study, temporal relationships cannot be inferred. 
Long- term prospective studies are needed to determine whether 

structural differences identified in this study influence the progres-
sion of first MTP joint OA. Second, although structural factors 
have been identified as important factors that may contribute to 
the progression of first MTP joint OA, there are likely other factors, 
such as previous trauma, work/occupation, biomechanics, or 
genetics that could contribute to its development and progression 
(32). Third, the investigator taking radiographic measurements 
was not blinded to the pathology, a factor that is inherently difficult 
to achieve, introducing the risk of measurement bias. Fourth, we 
were limited to radiographic measures obtained from dorsiplantar 
and lateral radiographic views. Further studies could include mea-
sures from other views, such as frontal plane calcaneal measures 
from frontal plane views. Finally, all participants were symptomatic 
as they were recruited for clinical trials. Therefore, further study is 
required to understand the relationships between structure, radio-
graphic severity, and the development of symptoms.

The presence and severity of radiographic first MTP joint OA 
is associated with larger hallux abductus interphalangeal angle, a 
wider first metatarsal and proximal phalanx, and a smaller inter-
metatarsal angle. These findings suggest that foot structure may 
be involved in the development and progression of first MTP joint 
OA. However, long- term prospective studies are required to fur-
ther understand the role of these factors in the development of 
this condition.

Table 4. Comparison for radiographic measures according to radiographic severity of first MTP joint osteoarthritis*

None/mild  
(n = 35)

Moderate  
(n = 69)

Severe 
(n = 81) P

Between- group adjusted mean difference (95% CI)

None/mild vs. 
moderate

None/mild vs. 
severe

Moderate vs. 
severe

Dorsiplantar projection
First metatarsal length† 85.4 ± 3.6 84.8 ± 3.1 84.4 ± 3.1 0.74 0.4 (– 0.8, 1.7) 0.5 (– 0.8, 1.8) 0.1 (– 1.0, 1.1)
Proximal phalanx length† 43.6 ± 3.3 43.6 ± 5.7 43.7 ± 2.9 0.79 – 0.2 (– 1.9, 1.5) – 0.6 (– 2.2, 1.2) – 0.3 (– 1.7, 1.0)
Distal phalanx length† 30.9 ± 2.9 31.3 ± 3.3 31.6 ± 3.1 0.82 – 0.3 (1.6, 0.9) – 0.5 (– 1.8, 0.8) – 0.1 (– 1.1, 0.9)
Hallux length† 74.6 ± 5.2 74.5 ± 7.7 75.3 ± 5.2 0.89 0.2 (– 2.3, 2.8) – 0.3 (– 2.9, 2.3) – 0.5 (– 2.6, 1.6)
First metatarsal width‡ 19.8 ± 2.6 19.5 ± 2.3 20.6 ± 2.8 0.07 0.3 (– 0.7, 1.4) – 0.7 (– 1.8, 0.4) – 1.0 (– 1.9, – 0.1)§
Proximal phalanx width‡ 38.5 ± 4.9 37.6 ± 3.6 39.9 ± 5.3 0.03 0.9 (– 1.0, 2.8) – 1.3 (– 3.2, 0.7) – 2.2 (– 3.7, – 0.6)§
Intermetatarsal angle, ° 10.1 ± 2.7 10.0 ± 2.3 9.2 ± 2.1 0.03 0.3 (– 0.6, 1.2) 1.1 (0.2, 2.1)§ 0.8 (0.1, 1.6)§
Hallux abductus angle, ° 12.4 ± 5.6 10.7 ± 4.7 11.2 ± 4.8 0.27 1.6 (– 0.4, 3.7) 1.4 (– 0.7, 3.4) – 0.3 (– 1.9, 1.4)
Hallux abductus interphalangeal angle, ° 11.2 ± 5.5 15.3 ± 5.1 15.9 ± 6.3 <0.01 – 3.9 (– 6.2, – 1.6)§ – 4.3 (– 6.7, – 1.9)§ – 0.3 (– 2.2, 1.6)
Metatarsus adductus angle, ° 22.5 ± 5.4 22.4 ± 4.8 23.3 ± 6.0 0.63 0.1 (– 2.1, 2.4) – 0.7 (– 3.0, 1.6) – 0.9 (– 2.7, 1.0)
Metatarsal protrusion distance, mm 2.2 ± 3.6 1.7 ± 3.4 1.8 ± 3.7 0.78 0.5 (– 0.9, 2.1) 0.3 (– 1.2, 1.8) – 0.2 (– 1.4, 0.9)

Lateral projection
Calcaneal, first metatarsal angle, ° 131.1 ± 8.9 131.2 ± 7.7 133.3 ± 6.7 0.43 0.3 (– 2.8, 3.4) – 1.1 (– 4.3, 2.1) – 1.4 (– 3.9, 1.1)
First metatarsal declination angle, ° 24.2 ± 3.6 23.7 ± 3.0 22.6 ± 3.3 0.12 0.3 (– 1.0, 1.6) 1.3 (– 0.1, 2.6) 0.9 (– 0.1, 2.0)
Lateral intermetatarsal angle, ° 1.8 ± 1.4 1.7 ± 1.1 2.1 ± 1.2 0.33 0.2 (– 0.3, 0.7) – 0.1 (– 0.6, 0.4) – 0.3 (– 0.7, 0.1)
Dorsal proximal metatarsal angle, ° 89.9 ± 2.3 89.1 ± 2.7 89.1 ± 2.6 0.40 0.7 (– 0.4, 1.8) 0.6 (– 0.5, 1.7) – 0.1 (– 1.0, 0.7)
Dorsal proximal hallux angle, ° 84.8 ± 4.0 83.8 ± 5.4 84.0 ± 6.1 0.59 1.1 (– 1.1, 3.4) 1.1 (– 1.2, 3.4) – 0.1 (– 1.9, 1.8)
Dorsal proximal phalangeal angle, ° 76.3 ± 4.4 77.9 ± 5.3 77.1 ± 5.8 0.32 – 1.6 (– 3.8, 0.5) – 0.7 (– 2.9, 1.5) 0.9 (– 0.9, 2.7)
Plantar distal metatarsal angle, ° 82.1 ± 4.9 82.1 ± 4.9 80.8 ± 5.5 0.79 – 0.4 (– 2.6, 1.8) 0.2 (– 2.0, 2.5) 0.6 (– 1.2, 2.4)
Plantar distal hallux angle, ° 90.5 ± 7.9 90.6 ± 9.5 88.7 ± 10.2 0.19 0.5 (– 3.4, 4.4) 3.0 (– 0.9, 7.0) 2.5 (– 0.6, 5.7)

* Values are the mean ± SD unless indicated otherwise. Age, body mass index, and self- reported duration of symptoms entered as covariates in 
general linear model. 95% CI = 95% confidence interval; MTP = metatarsophalangeal. 
† Expressed as a percentage of length of the second metatarsal. 
‡ Expressed as a percentage of length of the corresponding bone. 
§ Significant adjusted mean difference and effect size (d); for none/mild vs. moderate: d = 0.77 for hallux abductus interphalangeal angle; for
none/mild vs. severe: d = 0.37 intermetatarsal angle and d = 0.79 for hallux abductus interphalangeal angle; for moderate vs. severe: d = 0.54  for 
first metatarsal width, d = 0.51 for proximal phalanx width, and d = 0.36 for intermetatarsal angle. 
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B R I E F  R E P O R T

Changes in Medial Meniscal Three- Dimensional Position 
and Morphology As Predictors of Knee Replacement in 
Rapidly Progressing Knee Osteoarthritis: Data From the 
Osteoarthritis Initiative
Melanie Roth,1  Katja Emmanuel,1 Wolfgang Wirth,2  C. Kent Kwoh,3 David J. Hunter,4

Michael J. Hannon,5 and Felix Eckstein2

Objective. To assess whether quantitative changes in the meniscus predict progression from early knee 
osteoarthritis (OA) to knee replacement (KR).

Methods. A nested case– control study was conducted among Osteoarthritis Initiative participants: all 35 case 
knees with baseline Kellgren/Lawrence (K/L) grade ≤2 that had KR between 36 and 60 months were matched 1:1 
by age, sex, and baseline K/L grade to 35 control knees without subsequent KR. Quantitative 3- dimensional medial 
meniscus position and morphologic measures were determined from magnetic resonance imaging at the visit just 
before KR and 2 years before. Paired t- tests and case– control odds ratios (ORs, standardized per SD of change in 
controls) were used to compare changes between groups.

Results. Cases (52% women, age 65 ± 7 years, body mass index [BMI] 30 ± 4 kg/m2, K/L grades 0/1/2: 5/8/22 
participants, respectively) and controls (52% women, age 64 ± 7 years, BMI 30 ± 5 kg/m2, K/L grades 0/1/2: 9/4/22 
participants, respectively) were similar. Compared to control knees, KR case knees displayed longitudinal changes, 
specifically, a decrease in tibial plateau coverage, an increase in meniscal extrusion, and a decrease in meniscal 
width. The odds for KR increased with greater reduction in the percentage of tibial plateau coverage (OR 2.28 [95% 
CI confidence interval (95% CI) 1.43, 3.64]), a greater increase in maximal extrusion (OR 1.40 [95% CI 1.12, 1.75]), 
and a greater reduction of mean meniscal width (OR 2.01 [95% CI 1.23, 3.26]). The odds for KR increased with medial 
compartment cartilage thickness loss (OR 2.86 [95% CI 1.51, 5.41]) for comparison.

Conclusion. Quantitative measures of meniscal position and morphology are associated with subsequent KR in 
knees with rapidly progressing knee OA. These findings show that structural changes of the meniscus are related to 
an important clinical and economic outcome of knee OA.
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INTRODUCTION

Knee replacement (KR) represents an important clinical and 
economic end point of knee osteoarthritis (OA) and is a major con-
tributor to treatment costs associated with knee OA, the main clin-
ical indications for KR being knee pain and functional impairment 
(1). Reduction of radiographic joint space width (JSW) has been 
associated with KR (2) and suggested to result from a combined 
progression of cartilaginous and meniscal pathologies (3). JSW 
represents the currently recommended outcome for disease- 
modifying knee OA drug trials by the Food and Drug Administra-
tion and the European Medicines Agency.

Quantitative cartilage thickness loss predicts KR, particularly 
in knees with early knee OA (i.e., Kellgren/Lawrence [K/L] grade 

≤2) that exhibit rapid clinical and structural progression toward KR 
(4). Additionally, previous studies have analyzed the association 
between semiquantitative meniscal lesions and extrusion and KR, 
with varying results (5,6). Quantitative 3- dimensional (3-D) meas-
ures of meniscal morphology and position from magnetic reso-
nance imaging (MRI) (7) are sensitive to longitudinal change in 
knee OA progression (8). However, no study has explored the 
relationship of quantitative meniscal measures with future KR.

The primary aim of this study was to cross- sectionally and 
longitudinally compare quantitative measures of meniscal mor-
phology and position between KR case knees with rapid clini-
cal and structural progression (4) and matched controls without 
subsequent KR. The second aim was to relate the observed 
case– control differences to those observed for cartilage thickness 
change (4).

PATIENTS AND METHODS

Study design. A nested, matched case– control study was 
conducted among participants of the Osteoarthritis Initiative 
(OAI), a multicenter, prospective observational cohort study (9) 
approved by the institutional review board for the University of 
California, San Francisco, and by each OAI study site (approval 
H5254- 20499- 09). All participants provided informed consent. 
Clinical data and 3 Tesla MRIs of the knees were acquired at 
annual visits (9).

To be eligible as a case for the current study, total or uni-
compartmental medial KR had to be recorded at the 36-  through 

SIGNIFICANCE & INNOVATIONS
• Longitudinal change in 3- dimensional quantitative

measures of meniscal position and morphology are 
related to subsequent risk of knee replacement.

• Greater progression in loss of tibial plateau cov-
erage and reduction of meniscal width showed 
a >2- fold odds of subsequent knee replacement 
compared to matched controls.

• The findings highlight the fact that quantitative
structural measures associated with progression 
of knee osteoarthritis are related to an important 
clinical outcome.

Figure 1. Flow chart depicting participant selection from the Osteoarthritis Initiative database. M = months; MRI = magnetic resonance 
imaging; T–2 = visit 2 years prior to knee replacement, T0 = visit just before knee replacement.



MENISCAL CHANGES PREDICT KNEE REPLACEMENT |      1033

60- month follow- up visit and confirmed by medical record and/or  
the radiographic follow- up visits. MRI acquisitions had to be avail-
able for the annual visit immediately before KR (T0) and from the 
annual visit 2 years before T0 (T–2). KR cases detected at the 12- 
month or 24- month follow- up visit were not included, lacking the 
2- year study window before KR. The analyses were restricted 
to knees that progressed to KR with baseline K/L grade ≤2 (OAI 
release 0.4 from central readings) because these knees exhibited 
very rapid clinical and structural progression (i.e., high rates of 
radiographic JSW and articular cartilage loss) (4,10). Knees with 
baseline lateral Osteoarthritis Research Society International joint 
space narrowing were excluded from the analysis because they 
were not likely to show medial compartment progression, and 
this study focused on changes in the medial meniscus. All 35 OAI 
knees from 33 participants fulfilling the above selection criteria 
were included (Figure 1).

To be eligible as a control, both knees had to be free 
from KR through the 60- month follow- up. Cases and controls 
were matched 1:1 (via algorithm) by sex, age (± 5 years), and 
baseline radiographic disease stage (K/L grade 0/1 or 2) (9) and 
were subsequently analyzed at T–2 and T0 time points, dictated by 
the cases.

3-D quantitative meniscal measurements. In all, 3 
Tesla MRIs were acquired using a sagittal double- echo steady- 
state sequence (DESS) with water excitation (8,9). Coro-
nal multiplanar reconstructions were used for the segmentation of 
the medial meniscus at T–2 and T0 (8,9) (Figure 2A). The medial tibial 
plateau area (i.e., the area of cartilage surface including denuded 
areas of subchondral bone) and the surfaces of the medial menis-
cus (tibial, femoral, and external area) were segmented manually 
by the first author (MR), with blinding to acquisition order, using 

Figure 2. Three- dimensional (3-D) analysis of the menisci. Magnetic resonance imaging (MRI)– based, quantitative 3-D analysis of the menisci. 
A, Coronal MRI from a double- echo steady- state sequence with water excitation, with segmentation; B, 3-D reconstruction of the medial 
meniscus depicting joint surface of the tibia, consisting of 1) the area of the cartilage surface and denuded areas of subchondral bone (ACdAB), 
if applicable; 2) the femoral, tibial, and external surface of the medial meniscus; 3) meniscal thickness and width; 4) overlap between the tibial 
area (TA) and ACdAB (ACdAB.Cov [%]), uncovered area of the TA (TA.Uncov [%]), and 5) extrusion distance. The mean parameters represent 
the average, the maximum parameters the greatest value across all slices.
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proprietary software (Chondrometrics GmbH) (Figure 2A), as 
described previously (7). All segmentations were quality controlled 
by 1 expert reader (KE). Meniscal morphology was characterized 
by the mean thickness, mean width, and volume (Figure 2B) (7). 
Parameters of meniscal position included the percentage of the 
tibial plateau area covered by the meniscus (ACdAB.Cov%), the 
percentage of the tibial meniscal surface area not covering the 
tibial plateau, and the mean and maximal extrusion distance (7) 
(Figure 2B).

Quantitative cartilage thickness measurements and 
JSW. Quantitative cartilage thickness in the total medial femoroti-
bial compartment (MFTC) and central MFTC were available from 
previously performed manual cartilage segmentations from sagit-
tal DESS with water imaging at T–2 and T0 (4). Minimal medial JSW 
(mJSW) from fixed- flexion radiography was added as reference.

Statistical analysis. To analyze the differences between 
cases and controls, paired sample t- tests applying bootstrap 
(1,000 replications, simple sampling, BCa method), or Wil-
coxon’s signed- rank tests were used, as appropriate for the 
distribution. Comparisons were performed at T–2 and for the 
longitudinal changes observed between T–2 and T0. Conditional 
logistic regression was applied to obtain case– control odds ratios 
(ORs). This analysis was conducted using a survival analysis pro-
cedure because the resulting hazard ratios are interpretable as 
ORs, given constant time to censoring. This procedure permitted 
us to account for potential correlation between 2 knees of the 
same individual (11). Case– control ORs were standardized per 
SD of the change from T–2 to T0 in the control group. Robustness 
of these odds was assessed by performing adjustment for the 
effects of body mass index (BMI) and pain at T–2 (case– control 
ORbp). This procedure was done due to reported associations 
between meniscal pathology and pain (12) and between cartilage 
loss and BMI (13). These adjustments were made for standard cat-
egories of BMI (normal/overweight/obese) and for pain frequency 
(no pain/infrequent pain/frequent pain [i.e., pain on most days of 
the past 30 days]), commonly used to classify symptomatic knee 
OA (2,4,9). To enable comparison of ORs across meniscal and 
cartilage measures, selected ORs were inverted so that a greater 
clinical worsening in the case group resulted in ORs >1.

Case– control areas under the receiver operating curve, 
adjusted for BMI and pain (AUCbp) were calculated to evaluate the 
discrimination ability between case and control knees. The case– 
control AUCbp was adjusted for BMI and pain at T–2, as well as for 
age, sex, and K/L grade (matching values). For exploratory pur-
poses, OR and AUC calculations were also performed for T–2 and 
T0, and case– control ORbp and case– control AUCbp were addition-
ally adjusted for concurrent change in central MFTC.

Case– control OR, case– control ORbp, and case– control 
AUCbp were calculated using SAS Studio software, version 3.6. The 
remaining analyses were done using SPSS software, version 25. 

Given multiple comparisons, Bonferroni adjustments were made, 
and P values less than 0.005 were considered significant.

RESULTS

Sample description. Of the 33 OAI case participants (T–2: 
age 65 ± 7 years, BMI 30.0 ± 4.0 kg/m2), 23 were women; of the 
35 case knees, 5, 8, and 22 were K/L grade 0/1/2, respectively, at 
baseline, and 6, 10, and 19 had no pain/infrequent pain/frequent 
pain, respectively, at T–2. In all, 13 received KR at the 36- month 
follow- up, 7 at 48 months, and 15 at 60 months; 2 were medial 
unicompartmental knee replacements. The median time between 
T0 and time of KR was 193 days. Of the 35 control subjects (T–2: 
age 64 ± 7 years, BMI 30.0 ± 4.9 kg/m2), 23 were women; of 
the 35 knees, 9, 4, and 22 were K/L grade 0/1/2 at baseline, 
respectively, and 11, 4, and 20 had no pain/infrequent pain/fre-
quent pain, respectively, at T–2. Until T–2, 2 cases and 1 control 
progressed to K/L grade 3 or 4; until T0, 18 cases and 1 control 
progressed to K/L grade 3 or 4.

Meniscal measures in case and control knees. At 
T–2, no statistically significant differences were observed between 
case and control knees in meniscal or cartilage parameters (see 
Supplementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24193/ 
abstract). Within- group analysis of the case knees between T–2 and 
T0 showed that the loss in ACdAB.Cov% and change in menis-
cal extrusion measures (percentage of the tibial meniscal surface 
area not covering the tibial plateau, mean and maximal extrusion 
distance) were statistically significant. Among morphologic meas-
ures, the decrease in mean thickness was statistically significant 
(P < 0.001), but not mean width or volume (Table 1). In controls, no 
statistically significant changes were observed (Table 1). Between- 
group analysis showed statistically significant greater loss in ACdAB.
Cov% and cartilage thickness in cases versus controls (Table 1).

Risk of subsequent KR. The odds of subsequent KR 
(defined as case– control ORbp) increased with greater longitudi-
nal changes in parameters associated with meniscal position. The 
case– control ORbp values ranged from 1.40 for maximal extrusion 
distance (95% confidence interval [95% CI] 1.12, 1.75; P < 0.005) 
to 2.28 for ACdAB.Cov% (95% CI 1.43, 3.64; P < 0.001). 
Among morphologic measures, the odds of subsequent KR 
increased with a greater longitudinal reduction of mean width 
(case– control ORbp 2.01 [95% CI 1.23, 3.26]; P < 0.005) (Table 1). 
Among all parameters measured, ACdAB.Cov% displayed the 
strongest discrimination between case– control pairs (case– 
control AUCbp 0.78 [95% CI 0.67, 0.89]; P < 0.001). Case– control 
ORbp for cartilage thickness change was 2.86 (95% CI 1.51, 5.41; 
P < 0.001) for MFTC, and 3.52 (95% CI 1.15, 10.72; P = 0.027) 
for central MFTC (Table 1). Case– control ORbp for mJSW change 
was 3.56 (95% CI 1.95, 6.51; P < 0.001).

http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
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Exploratory analyses at T–2 showed that no cross- sectional 
parameter was associated (case– control ORbp) with KR 2 years 
later (see Supplementary Table 1, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24193/ abstract). At T0, however, cross- sectional meniscal 
position displayed greater odds for KR than cartilage thickness 
and mJSW (see Supplementary Table 2, available at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24193/ abstract). Exploratory 
analyses with central MFTC as an additional covariate mostly 
showed reduced effect sizes (Table 1 and Supplementary Tables 
1 and 2, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24193/ abstract).

DISCUSSION

The objective of this study was to assess whether change 
in quantitative 3-D measures of meniscal position and morphol-
ogy is associated with clinical progression from early knee OA 
to KR and to compare these associations to those previously 
reported for cartilage thickness loss. Our results show that odds 
were greater for KR knees to display a longitudinal decrease in 
tibial coverage by the meniscus, an increase in extrusion, and a 
reduction in meniscal width than for control knees. Although these 
odds did not appear to be as strong as those for cartilage thick-
ness and mJSW change, receiver operating curve analysis sug-
gested that meniscal positional parameters display discrimination 
ability between cases and controls similar to cartilage thickness 
and mJSW.

A limitation of this study is the limited sample size due to the 
selection of baseline knees with K/L grades 0– 2 with rapid pro-
gression toward KR (4,10). This choice was made because con-
siderable JSW and cartilage thickness changes were previously 
observed in this sample (4,10); thus, the question of interest could 
be pursued efficiently. Since cartilage thickness change was previ-
ously shown to differ substantially between case and control knees 
in this sample (4), and since comparison of meniscal with cartilag-
inous parameters was one of the main objectives of this analysis, 
the study was adequately powered. Further, precise matching of 
cases versus controls with the same sex and similar radiographic 
stage and age, as well as the statistical adjustments for pain and 
BMI, minimized the potential impact of confounders. The results 
clearly encourage further exploration of the relationship of quanti-
tative meniscal measures with relevant clinical outcomes of knee 
OA in larger samples and knees with advanced radiographic knee 
OA (i.e., K/L grades 3– 4) to better understand the previous differ-
ences in the rate of radiographic JSW loss between KR case and 
non- KR control knees (2,4). This may reflect differences in the rate 
of change in cartilage thickness but also in differences in changes 
of meniscal width and extrusion.

A strength of the study was the temporal synchronization to a 
clinically important end point (KR surgery); nonetheless, being aware 
of its dependency on, among others, comorbidities, willingness to 

undergo surgery, and socioeconomic status. Although the T–2 to T0 
window is a relatively long period for clinical decision- making, it was 
chosen because strong differences in cartilage loss were previously 
observed between case and control knees over this period in a sim-
ilar sample (4), and because 2- year changes are more robust. This 
study focused on the medial femorotibial compartment because it 
is more commonly affected by knee OA than the lateral compart-
ment and has greater mechanical load transmitted through it (14).

Another limitation of this study is that it focused on quan-
titative meniscal measures, not taking into account the number 
or type of meniscal tears during the study period. However, our 
finding that a longitudinal reduction in meniscal tibial plateau 
coverage and a longitudinal increase in meniscal extrusion pre-
dict KR increases the knowledge on this topic. Previous studies 
employed semiquantitative scoring to assess whether the pres-
ence of meniscal extrusion predicts KR (5,6). While Roemer et al 
found no significant association between cross- sectional menis-
cal extrusion 1 year before KR and KR itself, using the MRI Osteo-
arthritis Knee Score on ~200 knee OA KR knees (5), Hafezi- Nejad 
et al reported baseline meniscal extrusion to be associated with 
subsequent KR when using the Boston Leeds Osteoarthritis Knee 
Score on 25 knee OA KR knees, but not when using the Whole- 
Organ Magnetic Resonance Imaging Score (6). In addition, 2- year 
change in meniscal extrusion assessed by either scoring system 
did not predict subsequent KR (6).

The fully quantitative 3-D method applied in our study, how-
ever, allowed for determination of 3-D meniscal extrusion using 
continuous measures. Further, the 3-D method applied here 
reports the percent coverage of the tibial plateau by the menis-
cus, a measure that no semiquantitative scoring system evalu-
ates. From a functional and biomechanical perspective, measures 
of tibial plateau coverage are potentially superior to measures of 
extrusion because they may provide more relevant information 
on the mechanical protection of the cartilage by the meniscus. 
Indeed, parameters of tibial plateau coverage displayed a strong 
relationship with subsequent KR in this study. This finding is in 
line with responsiveness to 1- year change reported applying 
shape models in a progression but non- KR cohort (15).

This study not only evaluated quantitative measures 
of meniscal position in the context of predicting KR but also 
quantitative measures of meniscal morphology. Meniscal thick-
ness tended to increase before KR, and the volume appeared 
to remain constant, whereas meniscal width displayed a signif-
icant reduction. This reduction in meniscal width may reflect 
substance loss at the internal edge of the meniscus, which in 
conjunction with increased meniscal extrusion may contribute 
to a mechanically unfavorable reduction in tibial plateau cover-
age and increase mechanical stress on the tibiofemoral cartilage 
before KR. This mechanism is reflected by the high discrimina-
tion ability of ACdAB.Cov% between KR case and non- KR con-
trol knees that was observed to be of similar strength to that 
of cartilage thickness loss. These observations support current 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24193/abstract
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surgical strategies aiming at maintaining as much of the degener-
ated menisci as is functionally useful to protect femorotibial carti-
lage from undue mechanical loading.

The ORs for cartilage thickness observed differ slightly from 
those previously reported (4) because the current analysis focused 
on the medial meniscus, and thus, few subjects with lateral joint 
space narrowing were excluded. Overall, the odds of subsequent 
KR were observed to be somewhat weaker for meniscal mor-
phology and position than for cartilage thickness and mJSW loss. 
Nevertheless, since the 95% CIs of the ORs overlap, one cannot 
be regarded as significantly better or worse than the other. The 
observation that change in meniscal parameters, and not only the 
change in cartilage thickness parameters, is associated with KR 
reinforces the conception of knee OA to be a whole joint disease. 
OA is a disease affected by changes in most, if not all, articular 
structures, with changes in 1 structure often happening concur-
rently with changes in another structure.

In conclusion, this study suggests that quantitative measures 
of meniscal morphology and position, namely tibial plateau cover-
age, meniscal extrusion, and meniscal width, predict subsequent 
KR in rapidly progressing knee OA. The findings show that not 
only cartilage thickness loss, but also longitudinal change in quan-
titative meniscal measures, are related to an economically impor-
tant clinical outcome of knee OA.
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Achievement of the 2019 European Alliance of Associations 
for Rheumatology/American College of Rheumatology 
Criteria for Systemic Lupus Erythematosus and Amount of 
Damage Accrual: Results From a Multiethnic Multicenter 
Cohort
Manuel F. Ugarte- Gil,1  Guillermo J. Pons- Estel,2 Russell Griffin,3 Luis M. Vilá,4  John D. Reveille,5  and 
Graciela S. Alarcón6

Objective. To determine the difference in outcomes in patients who achieved or did not achieve the 2019 European 
Alliance of Associations for Rheumatology (EULAR)/American College of Rheumatology (ACR) criteria.

Methods. Patients from the LUpus in MInorities, NAture versus nurture (LUMINA) cohort were included. For these 
analyses, we compared those patients who achieved the 2019 EULAR/ACR criteria any time during follow- up to 
those who did not. The predefined outcomes were the last Systemic Lupus International Collaborating Clinics/ACR 
Damage Index (SDI) scores and survival. Univariable and multivariable negative binomial regression models were 
performed; adjustment models were based on a forward selection process.

Results. In total, 98 of 640 patients never achieved the 2019 EULAR/ACR criteria. There was no difference in mean 
baseline SDI score among the patients who did not achieve the criteria compared to those who did. Conversely, the 
mean ± SD SDI score at last visit was lower for those who never achieved the criteria (1.2 ± 1.7 versus 2.0 ± 2.3,  
P = 0.0004). In the final adjusted model, the SDI score at last visit was 31% lower for those who never achieved the 
criteria (P = 0.0077). These patients were also more likely to survive, but this was not statistically significant.

Conclusion. In our cohort, patients who did not achieve the 2019 EULAR/ACR criteria accrued less damage, 
suggesting that these criteria could allow us to identify a subset of patients with more severe disease than allowed 
by previous criteria.

INTRODUCTION

The 2019 European Alliance of Associations for Rheumatol
ogy (EULAR)/American College of Rheumatology (ACR) criteria for 
the classification of patients with systemic lupus erythematosus 
(SLE) were proposed in order to improve the sensitivity and spe
cificity of the previously published SLE criteria (1,2).

These criteria, however, need to be validated in several eth
nic groups; for example, in 2 multiethnic, multicenter cohorts, one 
from the US (LUpus in MInorities, NAture versus nurture [LUMINA]) 

and the other from Latin America (Grupo Latinoamericano de 
Estudio del Lupus Eritematoso [GLADEL]), we found a sensitiv
ity of 84.8% and 91.3%, respectively, using as gold standard the 
1982/1997 ACR revised classification criteria for SLE as updated 
in 1997 (3– 7). Similarly, in Brazil, in a cohort of childhood onset 
SLE patients, the sensitivity of the EULAR/ACR criteria was 
87.7%, and the specificity was 67.4% using as gold standard 
the clinical criteria (8), while in the Netherlands, the sensitivity was 
87.% and the specificity was 74% in a cohort of SLE patients with 
neuropsychiatric symptoms (9).
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In addition to considering sensitivity and specificity, it is 
important to determine if patients who would not be classified as 
having SLE according to these criteria have different short  and 
long term outcomes than those who could classified as having 
SLE. Thus, the aim of this study was to determine the difference in 
damage accrual and survival in patients who achieved or who did 
not achieve these new criteria.

PATIENTS AND METHODS

The LUMINA cohort has been previously described (10,11). 
SLE was defined using the 1982/1997 ACR revised classification 
criteria for SLE as updated in 1997 (6,7), and disease duration 
could have been up to 5 years at cohort entry.

We have to point out that some manifestations were not 
recorded, and that precluded us from including them in the analy
ses (fever, alopecia, delirium, acute pericarditis, and complement 
levels). Clinical and laboratory variables were measured at cohort 
entry, at 6 and 12 months, and yearly thereafter.

For these analyses, we compared those patients who 
achieved the 2019 EULAR/ACR criteria any time during the fol
low up to those who did not. The predefined outcomes were the 
Systemic Lupus International Collaborating Clinics/ACR Damage 
Index (SDI) scores and survival at last visit. Possible confounders 
included were age, sex, race/ethnicity, poverty, disease duration 
at baseline, baseline Systemic Lupus Activity Measure (SLAM) 
score (for disease activity), baseline SDI score, and treatment with 
antimalarials, glucocorticoids, and immunosuppressive drugs at 
baseline. For the last SDI score and survival, univariable and mul
tivariable negative binomial regression models were performed; 
adjustment models were based on a forward selection process. 
For the damage analysis, 2 alternative analyses were performed, 
the first one in order to evaluate the impact of follow up on dam
age accrual, dividing the patients in analyses with <1 year, 1– 3 
years, 3– 6 years, and ≥6 years, and the second one in order to 
evaluate the impact of being classified earlier, at the same time, 
or later using the 2019 EULAR/ACR criteria. In order to deter
mine the impact of achieving these criteria in each domain, binary 
logistic regression models were performed using as outcome the 

increase in damage per domain, and as possible confounders age, 
sex, race/ethnicity, poverty, disease duration at baseline, base
line SLAM score (for disease activity), baseline SDI score (same 
domain), and treatment with antimalarials, glucocorticoids, and 
immunosuppressive drugs at baseline. For the survival analysis, a 
single model was performed (survival among those achieving and 
those not achieving the criteria). Adjustment variables were simi
lar to those used in the damage analysis. The statistical analyses 
were performed using SAS software, version 9.1.3.

RESULTS

In total, 98 of 640 patients never achieved the 2019 EULAR/
ACR criteria. The 98 patients were older and less likely to be His
panic or African American than those who did achieve the criteria. 
There was no difference in mean ± SD baseline SDI score among 
the patients who did not achieve the criteria (0.6 ± 1.2) compared 
to those who achieved the criteria (0.8 ± 1.2, P = 0.3580). Con
versely, the mean ± SDI score at last visit was lower for those who 
never achieved the criteria (1.2 ± 1.7 versus 2.0 ± 2.3, P = 0.0004).

In the final adjusted model (Table 1), the SDI score at last visit 
was 31% lower for those not achieving the criteria (P = 0.0077). 
When the analyses were performed dividing the patients accord
ing to the length of follow up, in the group with at least 6 years of 
follow up, those not achieving the criteria accrued less damage 
(estimate – 0.96, SEM 0.41; P = 0.0205); the association in the 
other subgroups did not remain significant. There were no differ
ences in damage accrual if the patients were classified earlier, at 
the same time, or later using the 2019 EULAR/ACR criteria (data 
not shown).

SIGNIFICANCE & INNOVATIONS
• The European Alliance of Associations for Rheuma-

tology/American College of Rheumatology classi-
fication criteria for systemic lupus erythematosus 
have been developed in order to improve the sen-
sitivity and specificity of previous criteria.

• However, the impact of not achieving these criteria 
on the course of the disease has not been properly 
evaluated.

• In this multiethnic lupus cohort, not achieving these 
new criteria is associated with a better outcome.

Table 1. Impact of achieving or not achieving the 2019 European 
Alliance of Associations for Rheumatology (EULAR)/American 
College of Rheumatology (ACR) criteria on damage accrual*

Parameter Estimate SEM P
Intercept – 1.6924 0.2224 <0.0001
Not achieving the 2019 EULAR/

ACR criteria
– 0.3773† 0.1416 0.0077

Age at baseline, years 0.0174 0.0037 <0.0001
Ethnicity

Hispanic (Texas) 0.9339 0.1740 <0.0001
African American 0.9513 0.1592 <0.0001
White 0.5969 0.1661 0.0003
Puerto Rican Ref.

SLAM score at baseline 0.0562 0.0084 <0.0001
Poverty 0.1785 0.0946 0.0593
Disease duration at baseline, 

years
0.1439 0.0327 <0.0001

Receiving immunosuppressive 
drugs at baseline

0.3626 0.1125 0.0013

* In addition to the variable of interest (not achieving the 2019 
EULAR/ACR criteria), possible confounders associated with damage 
in the univariable analyses were included. Ref. = reference; SLAM = 
Systemic Lupus Activity Measure. 
† The ratio of the average damage was 0.69 (not achieving versus 
achieving the 2019 EULAR/ACR criteria), which translates into a 
31% decreased probability of not accruing damage for those not 
achieving the criteria. 
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In the per domain analyses, the same trend was shown for 
all domains, but significance was only achieved for the ocular 
domain (data not shown). In total, 87 patients (88.8%) who never 
achieved the 2019 EULAR/ACR criteria were still alive at the end 
of follow up, and 456 (84.1%) among those who achieved the 
criteria. This difference, however, was not statistically significant in 
both univariable and multivariable models (data not shown).

DISCUSSION

Our study shows that patients who did not achieve the 2019 
EULAR/ACR criteria accrued less damage than those who did, 
in particular those who had a longer follow up. Our findings are 
consistent with the data reported by Carneiro et al, according to 
whom a higher EULAR/ACR criteria score was associated with a 
higher SDI score adjusted for age and sex (12); however, they did 
not adjust the model for other possible confounders. Additionally, 
Carneiro et al found that the higher the score with the new criteria, 
the more likely the presence of renal damage after adjusting for 
age and sex.

In the LUMINA and GLADEL cohorts, those who were classified 
with the 2019 EULAR/ACR criteria earlier than with the 1982/1997 
ACR criteria had a lower frequency of milder manifestations at base
line, suggesting that these criteria could be useful for patients with 
a more severe SLE subset (3,13), which is consistent with our find
ings about the impact of achieving the criteria on damage.

Although there was lower survival among patients who 
achieved the new criteria versus those who did not, this difference 
was not significant, which probably relates to the sample size; these 
data are consistent with the data reported by Carneiro et al (12).

Our study has some limitations. First, as we did not collect 
some variables included in the new criteria in our cohort, this 
could have some impact on our results. Second, as all patients 
should have satisfied the 1982/1997 ACR criteria, patients who 
could achieve the EULAR/ACR criteria and not the 1982/1997 
ACR criteria were not included in the cohort. Third, the lack of 
association between survival and not achieving the EULAR/ACR 
criteria could be due to lack of power; so this should be examined 
in larger cohorts. In conclusion, we found that not achieving the 
EULAR/ACR criteria was associated with a better prognosis even 
after adjustment for possible confounders.
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Does Muscle Strength Change Over Time in Patients With 
Hypermobile Ehlers- Danlos Syndrome/Hypermobility 
Spectrum Disorder? An Eight-Year Follow- Up Study
Marie Coussens,1  Patrick Calders,1 Bruno Lapauw,2 Bert Celie,1 Thiberiu Banica,2 Inge De Wandele,2 
Verity Pacey,3 Fransiska Malfait,2 and Lies Rombaut2

Objective. Reduced maximal muscle strength and strength endurance have been found in patients with 
hypermobile Ehlers- Danlos syndrome/hypermobility spectrum disorder (hEDS/HSD) and are recognized as common 
associated features of the disorder. However, the extent to which these parameters change over time is currently not 
documented. Therefore, the purpose of this 8- year follow- up study was to investigate this evolution.

Methods. Thirty female patients (mean age 41 years) with hEDS/HSD and 17 controls participated at baseline 
and 8 years later. Maximal muscle strength and strength endurance tests of the knee flexors and extensors, and 
2 lower- extremity posture maintenance tests were performed to evaluate static strength endurance. In addition, 
muscle mass and density were evaluated by dual- energy x- ray absorptiometry and peripheral quantitative computed 
tomography.

Results. Maximal muscle strength and strength endurance were significantly lower at both baseline and follow- 
up in the hEDS/HSD group compared to the control group (P ≤ 0.007). Maximal muscle strength of the knee flexors 
(decreased in the control group: pɳ2 = 0.139), strength endurance of the knee extensors (decreased in the hEDS/HSD 
group and increased in the control group: pɳ2 = 0.244), and muscle density (decreased in the hEDS/HSD group: pɳ2 = 0.263) 
showed a significantly different evolution over 8 years. No other significant differences in evolution were found.

Conclusion. Decreased muscle strength was identified at both time points in patients with hEDS/HSD. The 
evolution of most muscle strength parameters over time did not significantly differ between groups. Future studies 
should focus on the effectiveness of different types of muscle training strategies in hEDS/HSD patients.

INTRODUCTION

Ehlers- Danlos syndrome (EDS) is a heterogeneous group 
of hereditary connective tissue disorders caused by mutations 
in the genes encoding for collagen or enzymes involved in the 
processing or modification of collagen. Hence, the most impor-
tant consequences are joint hypermobility, tissue fragility, and skin 
hyperextensibility (1). The current EDS classification distinguishes 
13 subtypes, caused by defects in 19 different genes (2). How-
ever, the genetic basis of the hypermobile type of EDS, which is 
the most common subtype, remains largely unknown and diagno-
sis is therefore solely based on clinical criteria.

Over time, these clinical criteria have been revised to describe 
hypermobile EDS (hEDS) in detail and to delineate it from related 

conditions. Initially, “the hypermobility type of Ehlers- Danlos syn-
drome” (EDS- HT) was described based on its major and minor 
clinical characteristics, which include generalized joint hypermo-
bility and a hyperextensible or soft velvety skin (major criteria), a 
positive family history, recurrent joint dislocations, and chronic 
pain (minor criteria) (1). In 2017, the description was refined and 
now also emphasizes associated soft tissue fragility (e.g., multiple 
abdominal hernias, prolapse of organs at the level of the pelvic 
floor, etc.) (2). By consensus, the hypermobile type of EDS is now 
referred to as hEDS. Patients with a previous diagnosis of EDS- HT 
who no longer fully meet the stricter 2017 criteria for hEDS, are 
now described as having “hypermobility spectrum disorder” 
(HSD). Consequently, a group of patients diagnosed with EDS- HT 
in the past now consists of patients with hEDS and HSD.
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In addition to generalized joint hypermobility and recurrent joint 
dislocations, patients with hEDS/HSD report multiple other mus-
culoskeletal symptoms and problems. In 2012, Rombaut et al 
identified reduced maximal muscle strength and muscle strength 
endurance in 43 patients with hEDS/HSD, compared to healthy 
controls (3). This decrease may result from musculoskeletal pain 
and exercise avoidance and is likely to be related to abnormalities 
of the extracellular matrix of the muscle (2,4,5). By illustration, a 
study by Rombaut et al found an increased tendon extensibility in 
patients with hEDS/HSD compared to controls, which may lead to 
a decreased efficiency in force transmission (6). Another argument 
that supports the link between decreased muscle strength and con-
nective tissue involvement is that mild- to- moderate neuromuscular 
involvement has also been found in several other types of EDS (4).

Unfortunately, decreased muscle strength further compro-
mises joint stability and contributes to altered movement pat-
terns and overload injuries in this patient population. Moreover, 
reduced maximal muscle strength and muscle strength endur-
ance, muscle cramps, ruptures, and pain are related to activity 
limitations in hEDS/HSD (3,5). Although Castori et al (7,8) men-
tioned muscle weakness as part of the disease progression in 
hEDS/HSD, longitudinal studies about the evolution of muscle 
weakness over time are lacking (7– 9). Because muscle weak-
ness is a major contributor to functional impairment, knowl-
edge of how muscle strength changes over time may provide 
a crucial understanding of the quality of life, prognosis, and 
 follow- up of patients with hEDS/HSD (3). Therefore, this longitu-
dinal study aimed to investigate the evolution of maximal muscle 
strength, muscle strength endurance, muscle mass, and density 
in patients with hEDS/HSD over a period of 8 years.

PATIENTS AND METHODS

Participants. This study protocol was reviewed and 
approved by the Ethical Committee of Ghent University Hos-
pital (EC number 2017/1278), and written informed consent 
was obtained from all participants. Female patients diagnosed 

according to the Villefranche criteria and controls matched for 
sex and age were selected in 2009– 2010 (at baseline or T1), 
as described by Rombaut et al (3). In 2017 (at follow- up or T2), 
patients and healthy controls were contacted a second time. 
Thirty patients with hEDS/HSD (follow- up rate of 70% or n = 30 of 
43) and 17 controls (follow- up rate of 40% or n = 17 of 43) partic-
ipated again at T2. The main reasons for dropout were no up- to- 
date contact details, work commitments, or no interest. Of the 30 
patients previously diagnosed with EDS- HT, 10 patients had an 
hEDS diagnosis according to the 2017 EDS nosology, while 20 
were reclassified as having HSD (2,9). No differences in muscle 
characteristics between participants with hEDS and HSD were 
found. Due to the small group hEDS patients (n = 10), further 
analyses were performed on the total patient group, referred to as 
hEDS/HSD in this article.

Procedure. Participants were invited by email or phone to 
participate in this follow- up study at Ghent University Hospital. A 
few weeks before the measurements were obtained, each partic-
ipant was asked to fill in a self- developed follow- up questionnaire 
evaluating physical therapy, sports, physical activities, and medical 
history (injuries, surgeries, and pregnancies) over the past 8 years.

Subject characteristics, including age, height, weight, and 
body mass index (BMI) were collected. Lean mass of the dominant 
leg (LMDL, kg) and subtotal lean mass (SLM [whole body without 
the head], kg) were evaluated by total body dual x- ray absorptiom-
etry (DXA) with a Hologic QDR- Discovery device (Hologic software, 
version 2.3.1) (3). Furthermore, muscle density of the dominant leg 
(mg/cm3), which reflects the lipid content of the muscle (the lower 
the muscle density, the higher the lipid content), was measured by 
peripheral quantitative computed tomography with an XCT- 2000 
device (Stratec, Medizintechnik) (10). Subsequently, participants 
were evaluated according to the protocol described below.

Measurements. Prior to obtaining measurements, general 
average pain severity on the day of the tests was measured using 
a visual analog scale (VAS, mm) (3). Maximal muscle strength of 
the knee flexors (hamstrings) and extensors (quadriceps) was 
evaluated by isokinetic tests (Biodex) at an angular velocity of 
60°/second and 5 repetitions, following the protocol described by 
Rombaut et al (3). If test results showed a coefficient of variation 
higher than 15%, the test was repeated (11). Absolute peak torque 
(Nm), i.e., the highest force output accomplished by the muscle at 
any moment during a repetition, was assessed, and peak torque/
SLM (Nm/kg) and peak torque/LMDL (Nm/kg) were calculated for 
both knee flexion and extension.

Muscle strength endurance of the flexors and extensors was 
evaluated by isokinetic tests at an angular velocity of 240°/sec-
ond and 30 repetitions, and of the lower- extremity muscles by 
2 posture maintenance tests in which participants had to hold a 
posture as long as possible, as explained by Rombaut et al (3). For 
the isokinetic tests, the amount of work performed during all 30 

SIGNIFICANCE & INNOVATIONS
• Patients with hypermobile Ehlers- Danlos syndrome/

hypermobility spectrum disorder (hEDS/HSD) demon -
strate substantially higher pain scores, greater func-
tional impairment, and reduced lower- extremity 
muscle strength continuing over an 8- year period 
in comparison with controls.

• Patients with hEDS/HSD show no muscle atrophy
or higher muscle lipid content in comparison with 
controls.

• Muscle strength parameters remain relatively sta-
ble in patients with hEDS/HSD after an 8- year peri-
od, in which several factors may play a role, such as 
physical therapy and exercises.
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repetitions (total work; J), the first 10 repetitions (work first third; 
J) and last 10 repetitions (work last third; J), and the ratio of differ-
ence between those first and last 10 repetitions, or work fatigue 
(%), were assessed for the knee flexors and extensors. For the 
posture maintenance tests, the length of time (seconds) during 
which a patient could maintain the correct position was recorded. 
Relative values (normalized for SLM and LMDL) were calculated 
for total work (J/kg) and work fatigue (%/kg), and for SLM for pos-
ture maintenance (seconds/kg).

Additionally, pain severity (VAS) was evaluated before and 
immediately after each muscle strength test and 1 minute after 
each muscle endurance test. Finally, physical activity and func-
tional impairment were respectively evaluated by the Baecke 
questionnaire and the Arthritis Impact Measurement Scales 
(AIMS) (3). The mobility, walking and bending, hand, finger, and 
arm function subscales of the AIMS as well as the total Baecke 
score were used for analyses.

Statistical analysis. Data analysis was performed using 
the statistical package SPSS, version 24. Normality was evalu-
ated using the Shapiro- Wilk test and Q- Q plots. Data (normally 
distributed) are shown as mean ± SDs, except for the AIMS ques-
tionnaire (not normally distributed), which is shown as medians 
and interquartile ranges. Pain scores are shown as clustered box 
plots with medians and interquartile ranges. Because all statistical 
assumptions were fulfilled, repeated-measures analysis of vari-
ance (ANOVA) was performed to identify significant differences in 
evolution between both groups (hEDS/HSD and controls). From 
a clinical point of view, age, pain, and BMI are important factors 
impacting muscle strength. However, due to a small sample size, 
only the variable with the biggest impact (BMI) was included as a 
covariate. Post hoc paired- sample t- tests with Bonferroni correc-
tion were executed when a significant interaction (time × group) 
effect was observed, in order to identify significant time effects 
within either the hEDS/HSD group or the control group.

For the AIMS questionnaire, a nonparametric Wilcoxon’s test 
was performed to identify significant time effects, and the Mann- 
Whitney U test for group differences on T1 and T2 and for the 

difference scores of the 2 time points between hEDS/HSD and 
the control group, all with Bonferroni correction. P values less 
than 0.05 were considered statistically significant. Additionally, 
size effect estimates are shown by partial eta squared (pɳ2) for 
repeated-measures ANOVA and by eta squared (ɳ2) for the Mann- 
Whitney U test, of which values of 0.01, 0.06, and 0.14 represent 
small, medium, and large size effects, respectively (12). Finally, 
results of the follow- up questionnaires were analyzed by descrip-
tive statistics (frequency tables) and pain severity scores before 
and after the muscle strength tests by an independent samples 
t- test.

RESULTS

Characteristics. Subject characteristics at both T1 and T2 
are shown in Table 1. There were no significant differences between 
the patient and control groups at baseline nor at follow- up, except 
for a significantly higher Beighton score in the patient group in 
comparison with the control group at T1 (P < 0.001). The evolution 
in muscle density was significantly different between the hEDS/
HSD and control group (P [time × group] = 0.001, pɳ2 = 0.263), 
with a mild decrease in muscle density in the hEDS/HSD group 
over time (P < 0.001), but not in the control group. Over 8 years, 
SLM increased significantly (main effect for time P = 0.012), with a 
similar evolution for both groups.

Maximal muscle strength. Maximal muscle strength 
results are shown in Table 2. The repeated-measures ANOVA 
showed a significant group effect for all maximal muscle strength 
variables, indicating that the hEDS/HSD group was significantly 
weaker than the control group at baseline and follow- up (main 
effect for group P ≤ 0.011).

The evolution of most maximal muscle strength variables did 
not significantly differ between patients and controls, except for 
the peak torque of the flexors, and these normalized for LMDL 
(patients: P [time × group] = 0.012, pɳ2 = 0.139; controls: P [time 
× group] = 0.045, pɳ2 = 0.099) due to a significant decline over 8 
years in the control group (peak torque of the flexors: P = 0.052; 

Table 1. Characteristics of patients and controls*

hEDS/HSD group Control group

Characteristic T1 T2 T1 T2 P time P group P (time × group)
Age, years 41.3 ± 11.39 49.2 ± 11.36 40.65 ± 11.66 48.65 ± 11.78 <0.001† 0.892 0.398
Body mass index, kg/m2 27.3 ± 6.14 28.7 ± 5.79 24.5 ± 3.99 25.9 ± 4.93 0.011† 0.087 0.981
Beighton (/9) 6.7 ± 1.65‡ 4.2 ± 2.17 1.4 ± 1.62 NA NA NA NA
SLM, kg 40.9 ± 6.31 43.2 ± 7.71 43.1 ± 5.71 44.8 ± 6.12 0.012† 0.340 0.679
LMDL, kg 7.3 ± 1.33 7.5 ± 1.46 7.9 ± 1.22 8.0 ± 1.15 0.131 0.211 0.446
Muscle density, mg/cm3 76.6 ± 2.34 74.3 ± 3.25 76.6 ± 1.65 76.7 ± 1.83 0.002† 0.101 0.001†

* Values are the mean ± SD unless indicated otherwise. T1 was baseline (2009); T2 was at follow- up (2017). hEDS/HSD = hypermobile 
Ehlers- Danlos syndrome/hypermobility spectrum disorder patient group; LMDL = lean mass dominant leg; NA = not applicable 
(measurements were not performed at T2); P group = P value of comparison hEDS/HSD with control group; P time = P value for 
comparison of T2 with T1; P (time × group) = P value of comparison of evolution between hEDS/HSD and control group; SLM = subtotal 
lean mass. 
† P < 0.05. 
‡ P < 0.05 for hEDS/HSD group compared with control group at T1 (analyzed by an independent samples t- test). 
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peak torque of the flexors normalized for LMDL: P = 0.028), 
whereas the patient group appeared to remain stable (P = 1.000). 
Furthermore, no changes over time were observed.

Muscle strength endurance. Muscle strength endur-
ance results are shown in Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24220/ abstract. Absolute and relative values  
of total work and work performed in the first and last 10 repeti-
tions were significantly lower in the hEDS/HSD group compared 
to the controls at baseline and follow- up (main effect for group 
P ≤ 0.004). Work fatigue, expressed as a ratio of difference 
between the work first third and last third (absolute and relative 
values), did not significantly differ between the 2 groups at T1 
and T2, except for work fatigue of the flexors normalized for 
SLM and LMDL (P = 0.045 and P = 0.028, respectively).

A significantly different evolution of total work (absolute and 
relative values) and work in the first and last third performed by 
the extensors was identified (P [time × group] ≤ 0.022, pɳ2 varying 
between 0.121 and 0.363) (Figure 1). Post hoc tests showed a 
decrease of total work and work first third performed by the exten-
sors in the patient group (P = 0.006 and P = 0.002, respectively), 
in contrast to an increase of total work and work last third in the 

control group over 8 years (P = 0.010 and P = 0.032, respectively). 
No differences in evolution for the flexors were observed. Work 
fatigue (absolute and relative values) of the extensors and flexors 
showed a similar evolution and no significant changes over time 
except for work fatigue of the flexors, which significantly improved 
over time (main effect for time P = 0.025).

Posture maintenance tests (absolute and relative values) 
showed significantly lower values in the hEDS/HSD group com-
pared to the control group over both time points (main effect for 
group P < 0.001). No significant differences in evolution or over 
time were found between both groups.

Pain associated with maximal muscle strength,  
muscle strength endurance tests. Pain severity was sig-
nificantly higher at baseline and follow- up in the patient group 
in comparison with the control group, both before and after 
the strength tests (P < 0.001) (Figure 2).

Questionnaires. Results of the questionnaires are 
shown in Tables 3 and 4. Functional impairment (P < 0.001) and 
pain were significantly higher and physical activity significantly 
lower in the hEDS/HSD group compared to the control group 
at baseline and follow- up (main effect for group P ≤ 0.001). All 

Table 2. Maximal muscle strength: absolute and relative values*

hEDS/HSD group Control group

Peak torque† T1 T2 T1 T2 P time P group P (time × group) pɳ2

Extensors, Nm 85.3 ± 36.97 84.7 ± 31.12 128 ± 23.09 119.3 ± 23.39 0.986 <0.001‡ 0.271 0.028
Flexors, Nm 44.2 ± 21.43 45.4 ± 15.35 65.7 ± 14.18 58.7 ± 15.97 0.068 <0.001‡ 0.012‡ 0.139
Extensors/SLM, Nm/kg 2.1 ± 0.83 1.9 ± 0.62 2.9 ± 0.52 2.7 ± 0.52 0.613 0.001‡ 0.681 0.004
Flexors/SLM, Nm/kg 1.1 ± 0.45 1.1 ± 0.28 1.5 ± 0.26 1.3 ± 0.33 0.750 0.007‡ 0.066 0.084
Extensors/LMDL, Nm/kg 11.7 ± 4.39 11.1 ± 3.54 16.0 ± 2.69 14.9 ± 2.73 0.556 0.001‡ 0.761 0.002
Flexors/LMDL, Nm/kg 6.0 ± 2.25 6.1 ± 1.67 8.2 ± 1.39 7.1 ± 1.80 0.707 0.011‡ 0.045‡ 0.099

* Values are the mean ± SD unless indicated otherwise. T1 was baseline (2009); T2 was at follow- up (2017). hEDS/HSD = hypermobile Ehlers- Danlos 
syndrome/hypermobility spectrum disorder patient group; LMDL = lean mass dominant leg; P group = P value of comparison hEDS/HSD with control 
group; P time = P value of comparison T2 with T1; P (time × group) = P value of comparison of evolution between hEDS/HSD and control group with 
body mass index as covariate; pɳ2 = partial eta squared (relative size effect) for comparison of evolution between hEDS/HSD and control group; SLM =  
subtotal lean mass. 
† Angular velocity 60°/second, isokinetic test. 
‡ P < 0.05. 

Figure 1. A, Evolution of total work (extensors). B, Evolution of work, first and last third (extensors). CTR = control group; hEDS/HSD = 
hypermobile Ehlers- Danlos syndrome/hypermobility spectrum disorder patient group; T1 = baseline (2009); T2 = follow- up (2017); WR first 1/3 =  
work performed in the first third; WR last 1/3 = work performed in the last third; * = P < 0.05.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24220/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24220/abstract
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variables showed no significantly different evolution between 
the 2 groups and no significant changes over time.

Results on the follow- up questionnaire showed that over 8 
years, 40% of the patients reported they received physical ther-
apy multiple times a week, 20% weekly, 13.3% monthly, and 16.7% 
incidentally. This finding is in contrast to the controls, of which 0% 
received physical therapy weekly or monthly and 64.7% incidentally. 
Physical therapy sessions were reported to consist mainly of stabi-
lization exercises (hEDS/HSD 60%, controls 23.5%), manual ther-
apy (hEDS/HSD 56.7%, controls 58.8%), muscle strength training 
(hEDS/HSD 53.3%, controls 17.6%), and massage (hEDS/HSD 
50%, controls 0%). Additionally, 33.3% of the patients performed 
exercises multiple times a week, 20% weekly, and 10% monthly, 
whereas 5.9% of the controls exercised multiple times a week or 
weekly and 0% monthly. The most commonly reported sports and 

physical activities undertaken by the participants included walking 
(hEDS/HSD 60%, controls 70.6%), cycling (hEDS/HSD 46.6%, 
controls 76.5%), swimming (hEDS/HSD 43.3%, controls 41.2%), 
and aquagym/hydrotherapy (hEDS/HSD 26.7%, controls 0%). 
Regarding their medical history over the 8 years, compared to the 
control group, more of the patient group reported experiencing 
injuries (hEDS/HSD 56.7%, controls 47.1%) and ≥1 surgery (any 
type) (hEDS/HSD 56.1%, controls 35.3%). Similar proportions of 
each group also reported having given birth to 1 or more children 
over the 8 years (hEDS/HSD 13.4%, controls 11.8%).

DISCUSSION

This study has provided new insight into the evolution of mus-
cle strength over a period of 8 years in patients with hEDS/HSD in 

A B

C D

Figure 2. Pain associated with maximal muscle strength (A) and muscle strength endurance (B, C, and D) tests. Clustered box plots are shown 
with medians and interquartile ranges. CTR = control group; hEDS/HSD = hypermobile Ehlers- Danlos syndrome/hypermobility spectrum disorder 
patient group; T1 = baseline (2009); T2 = follow- up (2017); VAS = visual analog scale for pain; blue bars = just before the test at baseline; red bars =  
immediately after the test at baseline; dark green bars = 1 minute after the test at baseline; orange bars = just before the test at follow- up; yellow 
bars = immediately after the test at follow- up; light green bars = 1 minute after the test at follow- up; * = outlier.
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comparison with controls. In general, at baseline and follow- up, max-
imal muscle strength and muscle strength endurance were signif-
icantly lower in patients than in controls. The main finding of this 
study is that the strength parameters remained relatively stable in 
the patient group over a period of 8 years.

Similar to the baseline results, maximal muscle strength 
and muscle strength endurance generally remained signifi-
cantly lower at follow- up in the hEDS/HSD group in comparison 
with the control group. Several factors may be responsible for 
reduced muscle strength in hEDS/HSD (3).

As suggested by Rombaut et al, musculoskeletal pain related 
to joint hypermobility, subluxations, and central sensitization pro-
cesses may contribute to lower muscle strength by inhibiting maximal 
voluntary contraction force (3,4,13,14). This finding is in accordance 
with our results, showing significantly higher VAS scores before and 
after the muscle strength tests in comparison with the control group. 
Future research focusing on strength generation in (asymptomatic) 
hypermobile individuals could further explore this impact.

Furthermore, this study identified lower habitual physical activ-
ity levels in the hEDS/HSD group in comparison with the controls, 
which may lead to deconditioning and decreased muscle strength 
(15). When results on DXA scans were compared to the con-
trols, this study did not identify any signs of muscle atrophy in the 
hEDS/HSD group, which is in accordance with previous studies 
(1,3,4,16– 18). Therefore, muscle atrophy is less likely to provide an 
explanation for the observed lower muscle strength in hEDS/HSD.

In addition, alterations in the structural integrity of the con-
nective tissue in the tendons and surrounding the muscle cells 
could contribute to a reduced force transmission from the muscle 
fibers onto the skeleton, eventually leading to an altered muscle 

function and reduced muscle strength (3,4,19,20). Poor proprio-
ception, associated with generalized joint hypermobility, may be 
related to reduced muscle strength as well (19).

The current study did not demonstrate any significant 
changes in maximal muscle strength over time in hEDS/HSD 
patients. However, a decrease of maximal muscle strength gener-
ated by the knee flexors was identified in the control group. Though 
this decrease could be explained by an age- related deterioration 
of muscle function, this decline appears to be absent in the hEDS/
HSD group (21– 23). The high engagement with physical therapy 
and exercise in the hEDS/HSD group could give a likely explana-
tion, because these are major contributors to the maintenance 
of muscle strength and mass over time and are prescribed as an 
important aspect of the multidisciplinary treatment of the pathol-
ogy (24,25). Furthermore, more than half of the physical therapy 
consultations consisted of muscle strengthening exercises in the 
patient group, in contrast to 18% in the control group. Although 
no information is available about exact methods of this strength 
training and accomplished strength enhancements, these findings 
only suggest that physical therapy and exercise could have a pos-
itive impact in preventing further deterioration of maximal muscle 
strength in hEDS/HSD.

In general, this study identified no differences over time in 
static muscle strength endurance and muscle strength endurance 
of the knee flexors in both groups. However, decreased muscle 
strength endurance of the knee extensors in the hEDS/HSD group 
was observed, which is in contrast to the increase in the control 
group over a period of 8 years.

The evolution of muscle strength endurance over time in 
the control group could be attributed to age- related changes 

Table 3. Baecke and VAS questionnaire results*

hEDS/HSD group Control group

T1 T2 T1 T2 P time P group P (time × group) pɳ2

Total Baecke 6.9 ± 2.13 7.2 ± 1.24 8.2 ± 1.44 8.6 ± 1.17 0.194 0.001† 0.785 0.001
VAS (/100) 40.8 ± 20.35 45.2 ± 21.65 7.1 ± 13.12 11.2 ± 13.64 0.115 <0.001 0.836 0.000

* Values are the mean ± SD unless indicated otherwise. T1 was baseline (2009); T2 was at follow- up (2017). Higher scores on the 
visual analog scale (VAS) and Baecke questionnaire indicate higher pain levels and higher physical activity, respectively. hEDS/
HSD = hypermobile Ehlers- Danlos syndrome/hypermobility spectrum disorder patient group; P group = P value of comparison 
hEDS/HSD with control group; P time = P value of comparison of T2 with T1; P (time × group) = P value of comparison of 
evolution between hEDS/HSD and control group; pɳ2 = partial eta squared (relative size effect of Mann- Whitney U test) for 
comparison of evolution between hEDS/HSD and control group. 
† P < 0.05. 

Table 4. Arthritis Impact Measurement Scales (AIMS) questionnaire results*

hEDS/HSD group Control group

AIMS T1 T2 P time T1 T2 P time P diff ɳ2

Movement abilities 3.0 (1.5– 5.0) 3.0 (1.5– 4.1) 1.000 0.0 (0.0– 1.3) 0.0 (0.0– 0.0) 0.176 1.000 0.009
Walking and bending 6.0 (5.0– 8.0) 6.0 (5.0– 7.8) 0.778 0.0 (0.0– 1.0) 0.0 (0.0– 2.0) 0.678 0.308 0.045
Hand and finger function 4.5 (2.0– 6.0) 3.2 (2.0– 4.5) 0.644 0.0 (0.0– 0.0) 0.0 (0.0– 0.0) 1.000 0.746 0.017
Arm function 2.5 (0.5– 3.6) 1.5 (0.9– 2.5) 0.064 0.0 (0.0– 0.0) 0.0 (0.0– 0.0) 0.634 0.332 0.041

* Values are the median (Q1– Q3) unless indicated otherwise. T1 was baseline (2009); T2 was at follow- up (2017). Higher 
scores on the AIMS indicate higher functional impairment. hEDS/HSD = hypermobile Ehlers- Danlos syndrome/hypermobility 
spectrum disorder patient group; P diff = P value of comparison of difference scores of T1 and T2 between hEDS/HSD and 
control group; P time = P value of comparison of T2 with T1; ɳ2 = eta squared (effect size of Mann- Whitney U test). 
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in muscle fiber type. Findings about changes of type I muscle fib-
ers, mainly used during daily living and aerobic endurance activi-
ties, are inconclusive but range from a higher type I to type II fiber 
ratio to nonaffected type I fibers during the aging process (25– 27). 
These changes in muscle fiber type eventually could result in an 
increase or stabilization of muscle strength endurance, as shown 
in the control group of this study.

By contrast, in the patient group, muscle strength endurance 
of the knee extensors significantly decreased over the period of 8 
years (total work and work in the first one- third of the isokinetic test). 
This decrease might be explained by the content of the physical 
therapy sessions in hEDS/HSD patients participating in this study, 
which mainly focused on joint stability exercises (60%) and manual 
therapy (56.7%) over the past 8 years rather than improving muscle 
strength endurance, which is in accordance with research identi-
fying smaller distances performed in the 6- minute walking test in 
comparison with healthy controls (19). Furthermore, the implemen-
tation of cognitive- behavioral treatment, including coping strategies 
in the multidisciplinary treatment program for hEDS/HSD could 
provide a likely explanation of why results on the strength endur-
ance tests were lower (28– 30). It could be hypothesized that the 
decrease of total work over a period of 8 years in the hEDS/HSD 
group can be attributed to coping strategies learned in physical 
therapy sessions to avoid maximal load on the muscles and unsta-
ble joints. Decreased work in the first third might reflects the fact 
that patients with hEDS/HSD possibly try to spread the load over 
time to be able to perform the entire test, consisting of 30 repeti-
tions. However, cognitive- behavioral treatment was not evaluated in 
this study, and therefore this hypothesis remains purely speculative.

In addition to the fact that pain and fatigue frequently occur 
in hEDS/HSD, reduced muscle strength is a major contributor 
to functional impairment and has a considerable impact on the 
daily living activities of these patients (3,14,19,31). For instance, 
because hamstring muscles play a major role in power transfer in 
the lower extremity, muscle weakness could lead to altered motor 
control and propulsion in these patients (19,32). Therefore, treat-
ment focusing on pain relief, joint stabilization exercises, coping 
strategies, and muscle strengthening exercises could be recom-
mended to improve quality of life and reduce disability (9,19,33).

Physical therapy plays a key role within the multidiscipli-
nary team in the management of this patient population (33). 
A pilot study performed by Bathen et al (29) showed positive 
effects on daily functioning, kinesiophobia, and both muscle 
strength and endurance after an intensive training program with 
learning coping strategies. Bathen el al suggest that improv-
ing muscle function in hEDS/HSD is possible (29). Further-
more, endurance training to improve cardiovascular, physical, 
and musculoskeletal fitness should be included in the training  
program, as we observed a longitudinally decreased muscle 
strength endurance in hEDS/HSD (33). However, evidence- based 
clinical trials evaluating intervention programs are scarce. There-
fore, further research should determine whether or not exercise 

is effective in this patient group and which types of exercises 
should be recommended, specifically to improve maximal muscle 
strength and muscle strength endurance in hEDS/HSD.

This was the first longitudinal study evaluating muscle strength 
parameters in patients with hEDS/HSD over 8 years, with a high 
follow- up rate of the patients with hEDS/HSD. Along with objec-
tive measurements of muscle strength, this study also retrospec-
tively questioned several muscle strength– related parameters. 
However, the results of the study should be viewed within its limita-
tions. First, the use of this self- developed follow- up questionnaire 
could create a bias due to the dependence on the patient’s ability 
to recall the information. Second, patients were only measured 
twice over a period of 8 years. Future studies should systematically 
evaluate medical parameters, muscle strength, and muscle mass, 
preferably each year to better evaluate the evolution in this patient 
population. Third, a low follow- up rate of controls was achieved. 
However, no significant differences in outcomes (measured at T1) 
were observed between the dropouts and the follow- up partici-
pants, either in the patient group or the control group. Though the 
power of this study is decreased by these dropouts, especially in 
the control group, the impact of this low follow- up rate is therefore 
probably limited. Finally, results cannot be generalized to the upper 
extremity, because only the lower extremity was evaluated.

In conclusion, this follow- up study showed at baseline and 
follow- up a significant reduced muscle strength and muscle 
strength endurance in hEDS/HSD patients compared to the con-
trols, of which the underlying causes are possibly multifactorial. 
With regard to the evolution, the majority of the strength param-
eters remained relatively stable in the patient group over a period 
of 8 years. Future studies should focus on both effectiveness and 
efficiency of different types of muscle training strategies and their 
effect on pain and functioning in hEDS/HSD patients.
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Mortality in Patients With Gout Treated With Allopurinol: 
A Systematic Review and Meta- Analysis
Charles A. Hay,  James A. Prior,  John Belcher, Christian D. Mallen, and Edward Roddy

Objective. Urate- lowering therapy (predominantly allopurinol) is highly effective as a treatment for gout, but its 
wider long- term effects remain unclear. This systematic review and meta- analysis aimed to ascertain the association 
between mortality and the use of allopurinol in patients with gout.

Method. Medline, Embase, CINAHL, and the Cochrane Library were searched from inception to August 2018. 
Articles eligible for inclusion used a cohort design and examined cardiovascular or all- cause mortality in patients 
diagnosed with gout and prescribed allopurinol. Information on study characteristics, design, sample size, and 
mortality risk estimates were extracted. Article quality was assessed using the Newcastle- Ottawa Scale. Included 
articles were described in a narrative synthesis and, where possible, risk estimate data were pooled.

Results. Four articles reported a hazard ratio (HR) risk estimate for all- cause mortality in patients with gout using 
allopurinol, and 2 of these also reported cardiovascular mortality. Two articles found allopurinol to be protective 
in patients with gout, 1 found no statistically significant association, and 1 found no statistically significant effect 
of escalation of allopurinol dosage on all- cause or cardiovascular- related mortality. Data pooling was possible for 
all- cause mortality and found no association between allopurinol use in patients with gout and all- cause mortality 
compared to patients with gout not using allopurinol (adjusted HR 0.80 [95% confidence interval 0.60– 1.05]).

Conclusion. There was no significant association between all- cause mortality and allopurinol use in people with 
gout. However, the number of included studies was small, suggesting that further studies are needed.

INTRODUCTION

Gout is the most common inflammatory arthritis, affecting 
2.5% of UK adults (1). Its pathogenesis is well understood: ele-
vation of serum urate levels above 360 μmol/liter (6 mg/dl) can 
lead to formation and deposition of monosodium urate crystals in 
joints and soft tissues that can result in painful acute flares of joint 
inflammation (2). Without treatment, flare frequency increases, 
chronic joint damage occurs, and mobility/function decrease, 
resulting in impaired health- related quality of life (3). There is also 
an increased risk of serious comorbidities (e.g., cardiovascular 
disease) and premature mortality (4,5).

Treating gout should be straightforward due to the availability 
of safe, effective, long- term treatment to lower urate levels (urate- 
lowering therapy [ULT]), allowing dissolution of existing urate 
crystals and prevention of new crystal formation, leading to the 
cessation of gout flares (6,7). International guidelines recommend 

that ULT be offered to all patients with gout and initiated upon 
confirmation of diagnosis, once any current flare has abated (8,9). 
Allopurinol is the first- line ULT and should be initiated at a low dose 
(≤100 mg daily), followed by uptitration in 100- mg increments until 
urate levels are suppressed below 360 μmol/liter (6 mg/dl). Despite 
clear guidelines and benefits, only 30% of patients are prescribed 
allopurinol, and of those, only 40% have treatment escalated to 
achieve the target serum urate level of <360 μmol/liter, suggesting 
that many patients with gout could receive better ULT (10).

In addition to its success in treating gout, other benefits of 
allopurinol have been suggested in patients with kidney and car-
diovascular diseases. The drug has been shown to be associated 
with a decreased likelihood of renal events (initiation of dialysis, 
doubling serum creatinine, ≥50% decrease in estimated glomer-
ular filtration rate) in two- thirds of patients with chronic kidney 
disease (11). Improvements in cardiovascular function include 
increased peripheral blood- flow due to improved endothelial 

The views expressed are those of the authors and not necessarily those 
of the NHS, the NIHR, or the Department of Health and Social Care.

Supported by the Collaboration for Leadership in Applied Health Research 
and Care Oxford West Midlands. Mr. Hay’s work was supported by an NIHR 
School for Primary Care Research PhD Studentship. Dr. Mallen’s work was 
supported by the NIHR Collaboration for Leadership in Applied Health Research 
and Care West Midlands, the NIHR School for Primary Care Research, and an 
NIHR Research Professorship in General Practice (NIHR- RP- 2014- 04- 026).

Charles A. Hay, MA, James A. Prior, PhD, John Belcher, PhD, Christian D. 
Mallen, PhD, Edward Roddy, PhD: Keele University, Newcastle, UK.

No potential conflicts of interest relevant to this article were  
reported.

Address correspondence to Charles A. Hay, MA, School of Medicine, 
Keele University, Staffordshire, ST5 5BG, UK. Email: c.hay@keele.ac.uk.

Submitted for publication September 6, 2019; accepted in revised form 
March 31, 2020.

http://creativecommons.org/licenses/by-nc/4.0/
mailto:,￼
https://orcid.org/0000-0003-3496-7044
https://orcid.org/0000-0001-9213-2796
mailto:c.hay@keele.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24205&domain=pdf&date_stamp=2021-06-18


HAY ET AL 1050       |

function in patients with chronic heart failure (12). However, despite 
these improvements in morbidity, whether the benefits of allopu-
rinol extend to reducing premature mortality in patients with gout 
remains unclear. In patients with hyperuricemia (the precursor to 
gout), the use of allopurinol has been estimated to be associated 
with a 25% lower risk of mortality during follow- up compared with 
untreated patients (13,14).

Despite guidelines recommending earlier prescription of ULT 
(8,9) and the reported benefits on comorbidities, the use of allopu-
rinol to treat gout remains suboptimal. Though the reasons behind 
this hesitancy are multifaceted, 1 contributing factor relates to the 
apprehension of patients and clinicians to initiate life- long treat-
ment without a clear understanding of the long- term effects (1). 
Because the overall balance of potential benefit and risk in the role 
of allopurinol on mortality in patients with gout remains unclear, 
this systematic review and meta- analysis examined the associa-
tion between the use of allopurinol in patients with gout and cardi-
ovascular or all- cause mortality.

MATERIALS AND METHODS

A systematic review of research literature was conducted. 
Medical literature databases were searched to identify articles 
that included patients with gout treated using allopurinol and 
that reported the risk of cardiovascular or all- cause mortality 
in their sample. Meta- analysis was used to determine pooled 
risk estimates of mortality. The protocol for this systematic 
review and meta- analysis was registered on PROSPERO (ID 
CRD42017056011) and the systematic review was undertaken 
following Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.

Data sources, searches, and study selection. Four 
electronic bibliometric databases were searched for articles 
(Embase, Medline, CINAHL, and Cochrane Studies) (see Sup-
plementary Table 1, available on the Arthritis Care & Research 
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24205/
abstract). These were required to fulfil the following eligibil-
ity criteria: 1) the study sample was formed from adults with a 
diagnosis of gout, 2) allopurinol was used to treat gout, 3) risk 
estimates of all- cause or cardiovascular mortality were reported, 
and 4) the study used a cohort design. Cohort studies were tar-
geted specifically because their populations are more likely than 

randomized controlled trials (RCTs) to be representative of the 
general population and of normal courses of treatment, therefore 
increasing the likelihood that this systematic review and meta- 
analysis produces a generalizable result. Case– control and 
cross- sectional studies were excluded because they would not 
describe outcomes over time. No restrictions were imposed on 
the time periods for publication, with medical literature data-
bases searched from inception to August 2018. There were no 
language restrictions, but if translational facilities were not avail-
able for an article, it was excluded.

Data extraction. Data were extracted by 2 authors (CAH 
and JAP) with the main data including demographic information 
(age, sex, country of origin, etc.), study sample size, numbers of 
patients with gout, study setting (e.g., primary care), exposures 
(e.g., allopurinol), mortality outcome (e.g., all- cause, cardiovas-
cular), definition of gout, and method of adjusted risk estimates 
regarding the association between gout treated with allopurinol 
and cardiovascular and all- cause mortality risk estimates.

Quality assessment. All articles finally included in the sys-
tematic review were quality appraised independently by 2 asses-
sors (CAH and JAP). Any disagreement on initial scoring was 
discussed, and if the difference could not be agreed on, the deci-
sion was arbitrated by a third reviewer (ER). Methodologic qual-
ity was assessed using the Newcastle- Ottawa Scale for cohort 
studies (15).

Meta- analysis. Where a sufficient number of articles (≥3) 
were identified, a random- effects meta- analysis was used to pool 
reported mortality risk estimates along with their 95% confidence 
intervals (95% CIs). Heterogeneity was assessed by I2. The meta- 
analysis was undertaken in Stata software, version 14.

RESULTS

Literature search. From 362 articles identified by the ini-
tial literature search, 90 duplicates were removed. The titles of 
the remaining 272 articles were screened, after which 37 arti-
cles remained. After an abstract review of these, 32 articles were 
excluded. The full text of the remaining 5 articles was reviewed in 
full, and a final 4 articles were deemed to fulfil the inclusion criteria 
(Figure 1).

Sample characteristics. Four articles examined all- 
cause mortality (16– 19) and 2 of these (16,19) also examined 
cardiovascular mortality in the same population. Of the articles 
included in the review, 1 study population was from Taiwan, 1 was 
from the US, and the other 2 were from the UK. All 4 articles esti-
mated the risk of mortality using HRs (16– 19) (Table 1).

The Taiwanese study by Chen et al (16) sourced its cohort 
from the medical insurance data from MJ Health Screening 

SIGNIFICANCE & INNOVATIONS
• We found no significant association between all- 

cause mortality and allopurinol use in people with 
gout.

• Further studies taking into account allopurinol dose 
and achievement of target serum urate levels are 
required.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24205/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24205/abstract
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Center, which contained 49,460 individuals age >17 years who 
had consultations since 1996. Gout was defined using Interna-
tional Classification of Diseases, Ninth Revision (ICD- 9) codes 
for cases identified between 1997 and 2002. Kuo et al (18) used 
a UK primary care data source, the Clinical Practice Research 
Datalink, and defined incident gout by Read codes between 
1995 and 1999. Dubreuil et al (17) used a different UK primary 

care data source (The Health Improvement Network), defin-
ing gout by Read codes between January 2000 to May 2010. 
The study by Coburn et al (19) sourced its cohort from the US 
Department of Veterans Affairs Health Administration between 
2001 and 2008 and defined gout by its ICD- 9 definition. Unlike 
the previous 3 studies, Coburn et al focused specifically on the 
effect on risk of all- cause and cardiovascular mortality of increas-
ing allopurinol dosage in patients.

All articles were cohort studies and used matching based on 
propensity scores. Chen et al and Dubreuil et al followed up their 
patients from exposure onward (date of diagnosis for Chen et al 
and initiation of allopurinol for Dubreuil et al). Kuo et al and Coburn 
et al both used landmark analysis to avoid immortal time bias. Kuo 
et al only included patients who were alive by the landmark time 
points (1 year and 3 years); this method excludes the initial time 
period immediately after gout diagnosis, reducing the possibility of 
conferring an unfair survival advantage on the allopurinol- treated 
group. Coburn et al used 2 models; in model 1, they followed up 
patients from exposure, and in model 2, they followed up patients 
after a 2- year landmark.

Quality assessment results. All 4 articles included 
representative patients with gout and assessed exposures 
and outcomes using secure methods (medical records), and 
employed appropriate methods to compare subjects, with 
and without gout, to avoid confounding by indication affecting 
the veracity of results. All 4 studies also employed propensity 
score matching. In addition, 3 of the 4 articles used methods 
to attempt to negate immortal time bias; Chen et al used time- 
index matching between patients and controls and Coburn et 
al used an analytical method that involved only following up 
patients who were alive 2 years after allopurinol initiation. Kuo 
et al employed a landmark analysis method that only followed 
up patients who were alive after 1 year post- allopurinol initiation 

Figure 1. Flow diagram of the number of articles at each stage of 
the search and screening process. CVD = cardiovascular disease.
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Table 1. The characteristics, demographics, and risk values of the study sample used in each included article*

Author, year (ref.) Population
Study 
period

Sample 
size

Incident 
gout, no.

Male, 
%

Mean ± SD 
age, years

Adjusted HR 
(95% CI)

Chen et al, 2015 (16) MJ Health Screening 
Center database, 
Taiwan

1997– 2002 1,457 286 89 52.7 ± 15.4 0.39 (0.22– 0.70)

Coburn et al, 2018 (19) US Department of 
Veterans Affairs Health 
Administration

1999– 2010 111,694 6,428† 99.7 64.4 ± 10.5 1.05 (0.96– 1.15)‡

Dubreuil et al, 2015 (17) The Health Improvement 
Network, UK

2000– 2010 9,590 483 69 67§ 0.81 (0.70– 0.92)

Kuo et al, 2015 (18) Clinical Practice 
Research Datalink, UK

1995– 2013 19,549 3519 72 64 (52– 73)¶ 0.99 (0.87– 1.12)#  
1.01 (0.92– 1.09)**

* 95% CI = 95% confidence interval; HR = hazard ratio; ref. = reference. 
† Gout patients receiving dose escalation. 
‡ This HR represents the risk of all- cause mortality in patients with gout treated with escalating doses of allopurinol compared to patients with 
gout on a constant dosage of allopurinol. 
§ No SD was reported. 
¶ Median (interquartile range). 
# 1- year landmark analysis. 
** 3- year landmark analysis. 
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and then 3 years after initiation. Loss to follow- up was minimal 
and was accounted for in analyses.

Risk of all- cause mortality. Chen et al and Dubreuil et al 
both found allopurinol to have a protective effect on all- cause mor-
tality in patients with gout. Chen et al reported an adjusted HR of 
0.39 (95% CI 0.22– 0.70) (allopurinol was slightly more protective 
against all- cause mortality than the use of any ULT medication, 
with HR 0.47 [95% CI 0.29– 0.79]), and Dubreuil et al reported 
an adjusted HR of 0.81 (95% CI 0.70– 0.92). However, Kuo et al 
found no association between the use of allopurinol in patients 
with gout and all- cause mortality, with HR 0.99 (95% CI 0.87– 
1.12) for 1- year landmark analysis and HR 1.01 (95% CI 0.92– 
1.09) for the 3- year landmark analysis, the latter of which was 
included in the pooled analysis. Finally, Coburn et al reported an 
HR for all- cause mortality in patients with gout for whom allopurinol 
dosage was increased, compared with patients with gout using 
a constant dose. The researchers reported a significant increase 
in all- cause mortality for model 1 (propensity score matching HR 
1.08 [95% CI 1.01– 1.17]) and a nonsignificant HR for model 2 
(inclusion of 2- year landmark analysis HR 1.05 [95% CI 0.96- 
1.15]). However, because these HRs were based on stratification 
by dose, their inclusion in the pooled analysis was not possible. 
The pooled adjusted HR for all- cause mortality calculated from the 
3 applicable cohorts was 0.80 (95% CI 0.60– 1.05), and hetero-
geneity was statistically significant (87.6%; P < 0.001) (Figure 2).

Risk of cardiovascular mortality. Chen et al reported 
a protective effect of allopurinol on cardiovascular mortality, 
finding an HR in patients with gout treated with allopurinol of 
0.37 (95% CI 0.01– 0.48) compared to non- allopurinol users. 
Coburn et al initially reported an association between increased 

cardiovascular- related mortality in those with escalated allopurinol 
dose compared to those with a stable dose for model 1 (HR 1.08 
[95% CI 0.97– 1.21]), but no association remained in model 2 (HR 
1.05 [95% CI 0.92– 1.20]). Due to the sparsity of data related to 
cardiovascular mortality, we were unable to conduct pooled anal-
ysis for this outcome (see Supplementary Table 2, available on the 
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24205/abstract).

DISCUSSION

Our systematic review and meta- analysis of 3 studies 
showed no significant association between the use of allopurinol 
and all- cause mortality in patients with gout. The results of studies 
into cardiovascular mortality were contradictory and limited (pre-
venting data pooling).

Our findings are not consistent with reports of statistically 
significantly decreased mortality associated with allopurinol use in 
hyperuricemic patients and a protective effect against cardiovas-
cular and chronic kidney disease in patients with gout (11– 14,20). 
Though not directly comparable, such findings supported our ini-
tial hypothesis that a reduction in mortality for patients with gout 
using allopurinol would be observed. There are, however, some 
important differences between the studies in our meta- analysis 
and those that have previously shown protective effects of allop-
urinol. Notably, the studies included in our review used obser-
vational data from clinical practice, where allopurinol dosage is 
commonly insufficient to lower urate significantly (only 40% having 
treatment escalated to achieve the target serum urate level [10]).

Studies that have shown a protective effect of allopurinol dos-
age on the risk of cardiovascular events often involves dosage of 
>600 mg/day, compared to the more common 100– 300 mg/day 

Figure 2. Random effects meta- analysis of the hazard ratio.
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found throughout normal primary care gout management. Also in 
the case of RCTs (11), dosage of ULT was managed, observed, 
and escalated in a more systematic way than in the cohort studies 
included in our review. Possibly, therefore, the nonsignificant pro-
tective effect reported by our meta- analysis is related to the fact 
that lower dosages infrequently facilitate the achievement of target 
serum urate levels in patients, and there are frequently lower levels 
of compliance and treatment observation in the general popula-
tion compared to RCT populations.

Our findings support the existing body of evidence on the 
short- term safety of allopurinol (21,22), because our included 
articles used large, nationally representative data sets and pro-
vided a combined sample of >10,000 patients with gout in which 
to examine all- cause mortality. In particular in the UK, where 
the majority of patients with gout are managed in primary care, 
Kuo et al and Dubreuil et al formed the principal weighting within 
the meta- analysis, with data from 2 different primary care data 
sets. A key methodologic difference between the studies is the 
use of landmark analysis by Kuo et al to address the potential for 
immortal time bias, and this methodologic difference may well be 
the cause of the disagreement between the 2 studies regarding 
risk. Though Chen et al demonstrated a protective effect of allop-
urinol use, their sample was small, and they did not include land-
mark analysis. However, they attempted to avoid immortal time 
bias by matching for the index date of ULT prescription using a 
propensity score (16). Possibly the difference in reported effects 
between the study of Chen et al and the other 3 studies in this 
systematic review is due to the difference in populations.

The pooled HR of 0.80 with its 95% CI of 0.60 to 1.05 could 
suggest a possible small protective effect of allopurinol; however, 
statistical significance was not reached, and the 2 largest of the 3 
included studies contributed the greatest weighting in the meta- 
analysis and had HRs closest to 1. Further large studies into the 
effect of allopurinol on both all- cause and cause- specific mortality 
in patients with gout are needed. Our findings are complicated 
by the results of Coburn et al, which showed an increase in the 
risk of all- cause mortality in patients with gout whose dosage was 
escalated, although these associations became nonsignificant 
upon closer matching of patients with dose escalation to patients 
without dose escalation.

Given the protective effects of allopurinol found in RCTs and 
several cohort studies, further research in this area to produce 
a more cohesive and conclusive view of the association between 
treatment of gout with allopurinol and mortality is essential. Con-
sideration should be given to the effect of allopurinol on mortality 
in specific subgroups, such as men and women and those with 
different comorbidities or tophaceous gout. Also of high impor-
tance in this research would be the effects of treatment adher-
ence, because this adherence is so low in patients with gout that 
it may be undermining not just the primary aims for allopurinol, but 
also possible secondary positive outcomes, such as a lower risk 
of early all- cause mortality.

We are unable to draw any conclusions on any potential role 
of allopurinol use in cardiovascular mortality in patients with gout. 
Only 2 articles were identified and results were varied, so further 
research is required. However, from 1 of these articles (19), the 
consideration of allopurinol dose arises as an important issue in 
the matter of the role of allopurinol on mortality in patients with 
gout. Coburn et al found no significant difference between either 
all- cause or cardiovascular mortality in those patients who had 
their dose of allopurinol escalated over 2 years and those whose 
dose remained stable. To address the fact that the majority of 
patients with gout using allopurinol never reach target serum urate 
levels, the researchers performed a sensitivity analysis using only 
those patients who did reach the guideline target levels. Within this 
subsample, they found that for all- cause mortality there remained 
a similar HR (not reported); however, for cardiovascular mortality, 
though not significant, they now found a reduction in risk of 7% 
(HR 0.93 [95% CI 0.76– 1.14]). The role of allopurinol and its dose 
on the risk of premature mortality (particularly cardiovascular) in 
patients with gout using allopurinol requires much further study.

This is the first systematic review to examine the association 
between patients with gout treated with allopurinol and cardio-
vascular or all- cause mortality. Our search criteria were exten-
sive (not limited by language) and included cohort studies from 
large, nationally representative samples using data over similar 
time periods to provide a more generalizable picture of the role 
of allopurinol on mortality in patients with gout. Risk estimates for 
all- cause mortality from different studies were pooled. The princi-
pal limitations of our review are the small number of articles avail-
able and statistical heterogeneity in the pooled analysis. However, 
despite the low number of studies, those included in this sys-
tematic review are of high methodologic quality, having factored 
in methods for avoiding immortal time bias and confounding by 
indication.

Our systematic review and meta- analysis did not find a sig-
nificant association between allopurinol use and cardiovascular 
or all- cause mortality. However, the small number of studies suit-
able for inclusion and the evidence from the wider literature that 
allopurinol may have cardiovascular and renal benefits suggest 
that further studies into the effect of allopurinol use on mortality 
in people with gout are required, particularly regarding the role 
of allopurinol dose and the importance of reaching target serum 
urate levels.
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The condition of symmetrical sacroiliitis in axial  
spon  dy  loarthritis: comment on the article by Coates et al

To the Editor:
I read the article by Coates et al (1), recently published in 

Arthritis Care & Research, with great interest as it relates to the 
radiographic phenotype of axial spondyloarthritis according to 
the presence of HLA– B27, regardless of the primary diagno-
sis of ankylosing spondylitis (AS) or psoriatic arthritis (PsA). The 
authors stated that the HLA– B27 gene is related to radiographic 
progression, syndesmophyte symmetry, and marginal syndes-
mophytes, but not to sacroiliac symmetry. I would like to offer 
some suggestions from a biomechanical aspect, based on their 
important findings. Chronic biomechanical stress and microdam-
age have been postulated as major triggering factors for lesion 
development, particularly in PsA. As compatible with a biome-
chanical standpoint, tissue- specific kinetic factors (applied forces 
during motion) may play a critical role in the development of psori-
atic lesions. Thus, PsA can de defined as an inflammatory disorder 
of more mobile musculoskeletal structures when AS is considered.

Psoriatic spondylitis is characterized by asymmetrical in -
volvement of the vertebral column, but the predominant form of 
sacroiliitis might be symmetric or bilateral, similar to AS (2). The 
spinal column moves in 3 dimensions, with combined concen-
tric and eccentric muscle contractions. Consequently, the distri-
bution of applied forces under gravity may often be asymmetric 
during motion.

Conversely, sacroiliac (SI) joints usually function in a symmetrical 
pattern, with limited but irregular multiaxial mobility, although mechani-
cal load distribution frequently changes as a result of spinal mobility. 
The main functions of SI joints are to connect the vertebral column 
and pelvis, bear the trunk weight, and absorb the transmitted com-
pressive forces (and shock waves) (3,4). Most importantly, SI joints 
especially are insufficient to withstand axial compressive forces 
as compared to the lumbar spine (4). During the stance phase 
of the gait cycle, the sacrum bears the body weight as the ilium 
withstands the upward ground reaction force. Consequently, the 
SI joints are repetitively exposed to vertical shearing stress during 
walking as an example of chronic physiologic mechanical stress 
(3,5,6). Obesity increases mechanical stress. Therefore, a symmet-
rical sacroiliac involvement pattern may also be compatible with the 
biomechanical standpoint of PsA.

On the other hand, AS is characterized by severe low back 
pain accompanying symmetrical involvement of both the verte-
bral column and SI joints that might further progress to a bamboo 

spine appearance. Rapidly progressive complete ankylosis may 
be the major differentiating radiographic feature of AS sacroil-
iitis. Most likely, progressive symmetrical ankylosis of SI joints, 
together with the symmetrical ligamentous ossification of the 
vertebral column, may point to a different pathophysiologic pro-
cess for AS that is strongly catalyzed by HLA– B27. Notably, SI 
joint mobility is approximately 40% less for men than for women 
(7). Besides hormonal factors, male SI joint development has 
been suggested to be a functional adaptation to cope with major 
forces, and thickening of ligaments leads to low mobility (8). If 
the SI joint becomes markedly hypomobile, it may not be able 
to effectively dissipate forces, and load transmission is altered 
as well (4). However, effective load transmission and counter-
balance of the shearing forces acting on SI joints are mainly 
dependent on adequate control of lumbopelvic muscles. Over- 
rigid lumbopelvic stabilization may exist in AS, as indicated by 
axial myofascial hypertonicity, although it might be considered as 
a consequence (9). Interestingly, the scintigraphic SI joint index 
has been reported to be higher in healthy men than in healthy 
women, thus suggesting a potential stress condition for male SI 
joints (10).
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Ustekinumab in giant cell arteritis: comment on the article 
by Matza et al

To the Editor:
We read with interest the article by Matza et al on ustekinumab 

in giant cell arteritis (GCA) recently published in Arthritis Care and 
Research (1). The rationale for using ustekinumab in GCA is that 
it targets the Th1 and Th17 pathways felt to be centrally involved 
in GCA pathogenesis, potentially impacting at a more proximal 
stage than other agents such as tocilizumab (2). It is encouraging 
to see efforts to explore alternative treatment options for GCA, 
but we believe a number of aspects of this study require further 
consideration to inform the potential role of ustekinumab in GCA.

The authors enrolled patients with new- onset or relapsing 
GCA and administered ustekinumab in combination with a mod-
ified accelerated glucocorticoid taper similar to that employed in 
the GiACTA study (3). They enrolled 13 patients, but the study was 
terminated after 7 of the first 10 patients enrolled relapsed. This 
relapse rate is high and in excess of that normally experienced in 
clinical practice (4). We suspect that the relapse rate is likely due to 
the accelerated taper, which may not be appropriate for relapsing 
patients. Additionally, the use of an accelerated taper will poten-
tially favor more rapidly acting treatments. An effective treatment 
with a slower onset of action may appear falsely ineffective in this 
design. Therefore, the use of the accelerated glucocorticoid taper 
in the current study may have biased the results to the null. Only 
3 patients (23%) exhibited cranial symptoms potentially consistent 
with active GCA at the time of relapse. Reliably assessing efficacy 
of a medication in the absence of a control group is not possible. 
The decision to discontinue the study is regrettable. Were there 
prespecified criteria for study discontinuation?

One patient relapsed while taking a 9-mg dose of prednisone 
once a day. This patient’s disease had been refractory to multiple 
other therapies, including tocilizumab, abatacept, and methotrex-
ate. The other 6 patients with clinical relapse did so while taking 
a median dose (2 mg) of prednisone once a day, mostly with pol-
ymyalgic symptoms. This low dose of prednisone is below the 
level that would be expected to contribute to the known signifi-
cant burden of glucocorticoid toxicity in GCA patients (5). In many 
patients with relapsing GCA, a rapid taper and total discontinuation 
of glucocorticoids may be difficult due to factors unrelated to GCA 
or polymyalgia rheumatica (PMR). Bursitis, osteoarthritis, calcium 

pyrophosphate arthropathy, and adrenal insufficiency are common 
steroid- responsive comorbidities (6,7) that can be unmasked by 
tapering off low doses of prednisolone, making the assessment of 
disease activity challenging.

Three patients were deemed to have not achieved the pri-
mary end point because of abnormal acute-phase reactants 
(APRs). Isolated elevations of APRs are not typically considered 
as evidence of disease flare in the absence of symptoms or signs 
referable to active GCA/PMR. These APR elevations could also 
conceivably relate to intercurrent infection or other pathology. This 
difference from the experience with tocilizumab is expected, where 
normalization of APRs is expected and improvement of polymy-
algic symptoms and a general sense of well- being is enhanced, 
independent of its impact on disease activity.

An alternative, more optimistic assessment of the available data 
is that all but 1 of the patients in this study were able to taper to a <5- 
mg daily dose of prednisolone without relapse. This tapering is not 
achieved by many GCA patients with the existing standard of care.

We previously reported a prospective study of 25 patients with 
refractory GCA treated with ustekinumab. This group of patients 
represents a common clinical scenario, patients who require a 
sustained-maintenance glucocorticoid dose and are unable to 
taper below this level due to recurrent symptoms, with a sub-
sequent accumulation of glucocorticoid- related adverse events. 
Clearly, in this patient cohort a rapid glucocorticoid taper is not 
appropriate and is unlikely to be successful. To comprehensively 
assess treatment options in GCA, such as ustekinumab, alterna-
tive complementary efficacy evaluations are needed; evaluating 
the effect on long- term maintenance glucocorticoid requirements 
is one such option. We demonstrated a significant reduction in 
prednisolone dose over 52 weeks from a median of 20 mg to 
5 mg with an accompanying decrease in APRs (8,9).

There is an urgent unmet need for new treatment options in 
GCA to minimize treatment- related adverse events and improve 
long- term outcomes for patients. Our pilot study of ustekinumab 
in GCA, while suggestive of a benefit, did not conclusively prove 
that ustekinumab is an effective treatment in GCA. Similarly, the 
study by Matza et al does not prove ustekinumab is not an 
effective treatment for GCA, and the limitations of their study 
preclude dismissal of its potential utility in GCA. Contrasting 
the 2 studies would suggest that a rapid prednisolone taper is 
not advisable in patients with relapsing GCA being treated with 
ustekinumab. However, a randomized controlled trial of usteki-
numab is required to properly evaluate its efficacy for GCA.
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the results of our study demonstrated that UST was not as 
effective as originally hoped. We agree with Conway and Mol-
loy that other studies can be designed to better define whether 
there is a role for UST in the treatment of GCA. Limiting enroll-
ment to relapsing patients, using longer prednisone tapers, or 
leaving patients on a low prednisone maintenance dose are 
some possibilities. Ultimately, we agree that to rigorously test 
the efficacy and safety of UST for GCA, an adequately pow-
ered randomized, placebo- controlled trial is required.

Our trial may be insightful in understanding that a steroid 
taper of 6 months may indeed be too short when used with UST. 
Although shorter than tapers commonly used in clinical practice, 
the 6- month taper employed in our trial (Supplementary Table 1 
of our article, available on the Arthritis Care & Research website 
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract) 
is in accordance with those used in most GCA clinical trials (1– 
4) (ClinicalTrials.gov identifiers: NCT03827018, NCT03600805,
NCT02531633, NCT03725202). Such tapers have had the 
objective of assessing whether an intervention offers unequivo-
cal glucocorticoid- sparing potential, which was one of the main 
drivers of our investigation. Furthermore, when planning the pred-
nisone regimen used in our study, we considered that between 8 
and 12 weeks are required for UST to exert its immunomodula-
tory effects (5). To ensure enough prednisone treatment until the 
onset of action of UST, the duration of the taper was 6 months in 
all cases, leading to prednisone doses of 12.5 mg/day, 10 mg/
day, and 6 mg/day at week 12 for patients starting the taper at 
60 mg, 40 mg, and 20 mg, respectively. In addition, we opted 
for a higher UST dose (90 mg at baseline, week 4, and every 8 
weeks) than the one used in the prior study (6) to achieve higher 
serum concentrations and increase the cumulative exposure to 
this agent. As was discussed in our prior response to the letter by 
Samson and Bonnotte, a posteriori analysis of the flares occur-
ring in our study (Supplementary Table 2 of our article, available 
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract) 
further suggests, in our opinion, that the prednisone taper cho-
sen was adequate if indeed UST was to be effective. All disease 
flares occurred at or after week 16 following an adequate duration 
of UST treatment. In addition, the individual prednisone doses at 
week 12 were 10 mg/day or greater for all except 1 patient, who 
experienced a flare, indicating that the great majority of the patients 
with flares received a daily prednisone dose commonly associated 
with remission maintenance (7–9) by the onset of action of UST. 
Nevertheless, we also believe it is important to understand how 
UST would fare as a glucocorticoid- sparing agent with a slightly 
longer taper or when patients remain on low, nontoxic glucocor-
ticoid doses.

The relapse rate seen in our study is within the range 
reported in some cohort studies of patients with GCA treated 
only with glucocorticoids (7,10–12), clinical trials of drugs proven 
to be ineffective, and placebo arms of clinical trials of drugs 
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Reply

To the Editor:
We appreciate the opportunity to respond to the letter by 

 Conway and Molloy regarding our recent article. Our results 
demonstrated that ustekinumab (UST) administered every 8 
weeks was well tolerated but did not prevent disease relapse in 
a signifi cant proportion of patients with GCA when used in com-
bination with 6 months of prednisone. We acknowledge that a 
small sample size and the lack of a control group are important 
limitations of our study and agree with Conway and Molloy that 
further research is needed to assess the utility of UST more defin-
itively in GCA.

The design of our study responded to the 2 most frequent 
problems encountered by GCA patients in general, disease 
relapse and prolonged glucocorticoid exposure leading to toxi-
city. Therefore, our prospective, single- arm pilot trial enrolled 
patients without preselection (e.g., new- onset versus relaps-
ing disease) and employed a prespecified prednisone taper 
over 6 months. Our goal was to gather preliminary data on the 
safety and efficacy of UST using this protocol, to then conduct 
a larger study if we had found a positive signal. Unfortunately, 
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that showed efficacy (2– 4,13). In addition, although we agree 
that disease activity monitoring in GCA is often confounded 
by unrelated pathology (e.g., adrenal insufficiency or nonin-
flammatory musculoskeletal conditions), the flares observed in 
this cohort of patients were fairly classic in terms of symptoms 
and also demonstrated re- elevation of the serum inflamma-
tory markers (Supplementary Table 2 of our article). To account 
for the problem of elevated inflammatory markers without obvi-
ous clinical manifestations (frequently seen in clinical practice 
and of unclear significance), we also completed a sensitivity 
analysis excluding the erythrocyte sedimentation rate and C- re-
active protein values from the definition of sustained remission. 
Such analysis demonstrated that more than half of the patients 
did not benefit from UST following our study protocol.

We had prespecified criteria to stop the trial based on 
safety, but not based on efficacy, given the small sample 
planned for this pilot study. However, after seeing that 70% 
of the first 10 patients recruited had experienced a flare, and 
knowing that better treatment alternatives were available at 
that time, we made what we thought was a rational and ethical 
decision to stop enrollment. We do regret having to terminate 
the trial prematurely.

Ultimately, we agree with Conway and Molloy that UST 
could have a role in the treatment of GCA. Our study was an 
initial approach to assess whether this agent would maintain 
disease remission in the absence of glucocorticoids, given the 
unmet need for more glucocorticoid- sparing agents in GCA. 
Perhaps a different study population or trial design will demon-
strate efficacy, as the report by Conway et al suggests (6). Our 
conclusion is not that UST is ineffective, but rather that it did not 
allow for acceptable rates of remission when used with a pred-
nisone taper over 6 months.
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Ustekinumab for the treatment of giant cell arteritis: 
comment on the article by Matza et al

To the Editor:
We read with great interest the article by Matza et al,  

recently  published in Arthritis Care & Research, that reports  
on the authors’ prospective, open- label, single- arm, single- 
center trial that was designed to evaluate the efficacy and 
safety of ustekinumab (UST) in combination with prednisone 
in patients with active giant cell arteritis (GCA) (ClinicalTrials.
gov NCT02955147) (1). The authors concluded that UST is 
an ineffective treatment for GCA, since only 23% of the 13 
patients enrolled achieved the primary end point (i.e., absence 
of relapse through week 52 and normalization of the erythro-
cyte sedimentation rate and C- reactive  protein level), which 
is inferior to previous results obtained in patients treated with 
tocilizumab (TCZ) (2).
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Although this study suggests that, unlike TCZ (2), UST is inef-
fective in controlling GCA unless it is associated with glucocorti-
coids, we have several reasons to believe it is too early to draw 
conclusions regarding the use of UST as a glucocorticoid- sparing 
drug in GCA. First, this trial was not controlled, and more impor-
tantly, the prednisone regimen used in this study was short. Unlike 
TCZ and other biologics that directly target proinflammatory 
cytokines, resulting in rapid resolution of inflammation, UST mod-
ulates T cell homeostasis by targeting both interleukin-12 (IL-12)  
and IL- 23 pathways through a blockade of the p40 subunit, 
resulting in an onset of action 8 to 12 weeks later (3). In the study 
by Matza et al (1), patients were receiving 12.5, 10, or 6 mg/day of 
prednisone at 12 weeks (depending on their starting dose: 60 mg 
[3 patients], 40 mg [9 patients] or 20 mg [1 patient]). We there-
fore assume that many patients relapsed because the prednisone 
dose was too low to control GCA when UST became effective, 
which may explain why the authors did not observe the effective-
ness of UST as in previous reports (4– 6).

Recent advances in our understanding of the pathophysio-
logy of GCA have shown the critical implication of Th1 and Th17 
cells, which produce interferon- γ (IFN γ) and IL- 17, respectively 
(7). Unlike Th17 cells, Th1 cells are resistant to glucocorticoids (8); 
this resistance results in the chronic production of IFN γ in GCA, 
which plays a major role in triggering vascular remodeling and for 
which there is currently no effective treatment (9). By blocking IL- 
12 and IL- 23, the 2 key cytokines involved in Th1 and Th17 polar-
ization, UST provides a great opportunity to disrupt both Th1 and 
Th17 pathways (6), potentially leading to better control of vas-
cular remodeling and inflammation in GCA. In addition, UST has 
shown an excellent safety profile in clinical trials (10,11), which 
is a considerable advantage for patients experiencing relapsing 
GCA, who are often elderly and frail with a high risk of infection. 
For all these reasons, we believe that UST remains an interesting 
treatment that should particularly be evaluated for patients with 
relapsing GCA, especially if they are not eligible for TCZ.
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Reply

To the Editor:
Thank you for allowing us to respond to the letter by Sam-

son and Bonnotte regarding our recent article. Our results 
demonstrated that UST was well tolerated but did not prevent 
disease relapse in a significant proportion of patients with GCA 
after prednisone was discontinued or tapered to a low daily 
dose. Samson and Bonnotte’s letter suggests that it may be 
too early to draw conclusions regarding the efficacy of UST as 
a glucocorticoid- sparing drug in GCA for 2 reasons. First, the 
study was not controlled, and second, the prednisone taper 
used was short, perhaps not allowing UST to exert its putative 
corrective actions in GCA (1), which would be expected 8– 12 
weeks after treatment initiation.

As stated in our article, we acknowledge the limitations of 
our study and believe that firm conclusions about the efficacy 
of IL- 12/23p40 blockade in GCA cannot be drawn until more 
robust data are available. We agree with Samson and Bon-
notte that an adequately powered, randomized, double- blind, 
placebo- controlled trial would be one of the best approaches 
to assess the value of UST for treatment of this disorder.
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Our opinion regarding whether the prednisone taper employed 
in our trial was too short to allow UST to work, however, differs 
from that of Samson and Bonnotte. First, when planning this trial, 
we decided to use 6 months of prednisone in all cases (Supple-
mentary Table 1 of our article, available on the Arthritis Care & 
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24200/abstract) regardless of the prednisone dose at base-
line to ensure that UST reached steady- state levels (2) by the 
time of glucocorticoid discontinuation. In addition, unlike a prior 
study that dosed UST every 12 weeks (3), we chose to administer 
UST every 8 weeks to achieve higher serum concentrations and 
ultimately increase the cumulative exposure to this agent in our 
cohort of patients. Second, all disease flares occurred at week 
16 or later, with a mean time to flare of 23 weeks (Table 2 and 
Supplementary Table 2 of our article, available at http://onlineli-
brary.wiley.com/doi/10.1002/acr.24200/abstract), which is longer 
than the 8– 12 weeks proposed as the time period required for 
UST to modulate the adaptive immune pathways playing a role 
in GCA. Third, the daily prednisone doses of the patients who 
had flares were 17.5 mg (n = 1), 15 mg (n = 5), and 9 mg (n = 1) 
at week 8, and 12.5 mg (n = 1), 10 mg (n = 5), and 6 mg (n = 1) 
at week 12. Thus, for all except 1 of the patients who relapsed 
in our study, the individual prednisone doses at week 12 were 
≥10 mg/day, which are doses typically enough to prevent flare 
in the majority of cases treated only with glucocorticoids (4– 6). 
Therefore, one would think that the duration of the glucocorticoid 
taper and the daily prednisone dose of the patients at week 12 
should allow UST to take over remission maintenance 12 weeks 
after UST initiation if indeed this agent was effective. Of note, by 
the time of flare, patients had received an average of four 90- mg 
injections of UST.

We speculate in the discussion of our article about possible 
reasons behind the discrepancies between our study and the prior 
study of UST for GCA conducted by Conway et al (3), in which 
patients with relapsing or refractory disease responded favorably. 
The most likely explanation in our opinion is that approximately 
75% of patients in the study by Conway et al were still receiving 
glucocorticoids at week 52 when the outcomes were assessed 
(3). Nevertheless, we believe that the major unmet need in GCA 
is to maintain disease remission and at the same time minimize 
the cumulative glucocorticoid exposure and its associated toxic-
ity (7). Like recent landmark clinical trials in the field (8,9), we also 
followed this premise when designing the prednisone taper of our 
study protocol.

We understand that GCA patients are in need of more and 
better treatment options, which should address the historical 
problem of relying excessively on glucocorticoids to prevent 
relapse. Unfortunately, we think that our study does give reason 
to believe that UST may not be as effective as initially hoped 
in GCA. We agree with Samson and Bonnotte that researchers 
need to gather more data on the effects of IL- 12 and IL- 23 mod-
ulation with UST (perhaps in relapsing patients) and other mol-
ecules (e.g., IL- 23p19 inhibitors) as part of the search that will 
hopefully diversify our therapeutic arsenal against GCA in the 
coming years.
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