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E D I T O R I A L

Arthritis Care & Research: A Look Back and a View Forward
Marian T. Hannan1  and Leslie J. Crofford2

It is with great joy 
and a touch of sadness 
that we complete our 
term as editors of Arthri-
tis Care & Research 
(AC&R), one of the pre-
mier journals in clini-
cal rheumatology. With 
this issue, the editorial 
responsibilities will be 
successfully transferred 
from our team to Dr. Kelli 
Allen and colleagues. We 
are excited for the new 
team’s journey and for 

the ongoing opportunities for readers and authors of work pub-
lished in AC&R to engage in the pursuit of new knowledge that 
advances the care of patients with rheumatic diseases.

AC&R, the official journal of the Association of Rheumatol-
ogy Professionals (ARP), has a mission covering clinical research 
relevant to the care of rheumatologic disorders. Important basic 
and translational sciences are covered by our sister journals, 
Arthritis & Rheumatology and ACR Open Rheumatology, along 
with other articles. AC&R serves a diverse base of investigators 
and practitioners from different disciplines who converge as one 
community in the interests of our patients. Articles in AC&R cover 
a spectrum of essential topics, including articles on treatments, 
epidemiology, methodologic issues, behavioral sciences, out-
comes work, and health economics, to name a few. The interpro-
fessional lens of AC&R provides the conduit for readership and 
authors to deliver the highest quality understanding and care for 
patients with rheumatic diseases (1). It is important to underscore 
the essential mission of AC&R —  to address the clinical imple-
mentation needs of practicing rheumatologists and health profes-
sionals. Thus, our focus is not exclusively research- based but also 
includes a vital mission to discuss important current clinical issues 
and to provide a forum for publications focused on rheumatology 

education and workforce. 
The success of AC&R has 
relied upon multidiscipli-
nary scientists, clinicians, 
and educators submitting 
their best rheumatologic- 
based work to our journal.

As we look back on 
our AC&R experience as 
editors, 3 key features 
come to the forefront: 1) 
the global impact of the 
journal; 2) the commit-
ment of the authors and 
readers of AC&R; and 3) 
our heartfelt thanks for 
the many people who work tirelessly to bring the best to AC&R in 
all aspects. Let us provide a bit of detail.

Authors submitting important research to AC&R span the 
globe with representation from all continents (except Antarctica, 
thus far). AC&R is viewed as an important worldwide source for 
scholarship pertaining to clinical issues in rheumatic disease. The 
themed issues of AC&R are an example of this valuable source (2). 
In addition to our regular issues, AC&R has covered global scien-
tific insights in the special reserved pages of our themed issues. 
The topics for the themed issues are often areas of highlight  ed 
interest brought to our attention by our readers, often at annual 
scientific meetings around the world. Themed issues have pro-
vided a key concentration of papers across essential topics, such 
as Muscle and Bone in the Rheumatic Diseases (published in 
2012), Fatigue and the Rheumatic Diseases (published in 2016), 
Rheumatology Registries, Big Data, and the Rheumatic Diseases 
(published in 2020), and, under current consideration, Rehabil-
itation Sciences and the Rheumatic Diseases (to be published 
in 2022). Our CPCs (Clinicopathologic Conferences) are excep-
tional medical educational tools used worldwide by many fellow-
ships (and first presented in Boston at Harvard Medical School 
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Aging Research, Hebrew SeniorLife, Beth Israel Deaconess Medical Center, 
and Harvard Medical School, Boston, Massachusetts; 2Leslie J. Crofford, MD: 
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in 1900) (3). Another global product is the AC&R 2020 Outcome 
Measurements Supplement on patient- reported outcomes (Dr. 
Patricia Katz, Guest Editor), which is used worldwide and contains 
expertise provided by scientists and educators that transcends 
geographic and academic traditional boundaries. These articles 
are incredibly useful for clinicians, scientists, and researchers, 
which is reflected in the high number of article downloads every 
year (>4,000 downloaded articles in 2020) that occur in many 
countries. Members of the American College of Rheumatology 
(ACR) receive AC&R as a benefit of membership, but the impact 
of our published work is appreciated globally.

Authors and readers of AC&R are our raison d’etre. It is an 
obvious statement. The commitment of authors, readers, and 
those who conduct peer review have improved scientific commu-
nications and enhanced journal processes at every level. The num-
ber of authors submitting manuscripts has increased substantially 
over the 10 years of Dr. Hannan’s tenure as Editor. The range of 
topics and new areas we cover has also expanded. Readership 
surveys have shown strong appreciation of AC&R content and 
coverage. Also, readers increasingly download articles of keen 
interest and comment on social media about AC&R articles. 
The subset of authors and readers who perform peer review of 
AC&R articles are owed a special thanks as their thoughts and 
insights make our published articles better and more pertinent for 
our readership. Peer review is a cornerstone of research commu-
nication and usefulness; our reviewers deserve special mention as 
the quality of the comments and direction for ultimate impact on 
rheumatology patients is second- to- none. We appreciate these 
contributions that solidify AC&R’s reputation as a key rheumatol-
ogy journal in which to publish premiere articles.

Heartfelt thanks are a topic at all of our Editorial and Asso-
ciate Editor meetings for AC&R. We certainly appreciate the 
authors, readers, and reviewers. Behind the scenes, many peo-
ple also worked tirelessly to support AC&R’s accomplishments. 
Our current Managing Editor, Maggie Parry (and previously Nancy 
Parker), brings her professional skills and knowledge to the fore-
front of AC&R productions, along with her incredible editorial staff 
in the AC&R Atlanta home office. The efficient peer review process 
and excellent communication is due to the efforts and expertise 
of our Assistant Editor, Margaret L. Graton (and her predecessors 
Latoya Fladger and Belinda Wong).

A key feature contributing to the continuing success of 
AC&R is the selection of a team of talented and dedicated 
associate editors. AC&R has been blessed with superb asso-
ciate editors. During Dr. Hannan’s first tenure as editor- in- chief 
(4) from 2011 to 2016, the excellent inaugural associate editors 
included Drs. Hermine Brunner, Karen H. Costenbader, Leslie J. 
Crofford, Robert F. DeVellis, Agustin Escalante, Monique A. M. 
Gignac, Sunny Kim, Michael LaValley, Carol A. Oatis, Michael M. 
Ward, and Allan Gelber. It is important to note that our associate 
editors reflect the diverse membership of the ACR and the ARP 

in terms of clinical and academic backgrounds, content areas, 
and geography.

For the 2016- 2021 term, Dr. Hannan was joined by Dr. Leslie 
J. Crofford as deputy editor with the outstanding team of associ-
ate editors, including Drs. Catherine Backman, Bonnie Bermas, 
Hermine Brunner, Robert F. DeVellis, David I. Daikh, Monique A. M. 
Gignac, Seoyoung C. Kim, Michael LaValley, Carlo A. Marra, Kaleb 
Michaud, Pascale Schwab, and Daniel K. White. These associate 
editors bring their expertise and knowledge to ensure the Journal’s 
content is pertinent and scientifically sound and to make sure the 
reported work is innovative. We also thank the ACR Committee 
on Journal Publications, and the ACR Board of Directors for their 
leadership, encouragement, and support. They have provided the 
tools and energy to keep AC&R both “on- our- toes” and at the 
cutting edge of rheumatologic scientific reporting.

During the past 10 years, and especially the last 5, the teams 
at AC&R have identified and met challenges and opportunities 
to grow AC&R into a strong publication with worldwide impact. 
By many metrics (subscribers, number of articles, impact fac-
tor, medical and lay press coverage, social media standings, etc.), 
AC&R is recognized as one of the most influential rheumatology 
journals, with wide visibility across a broad range of clinical and 
academic communities.

As editors of AC&R, we took great joy in our responsibility 
to move the field forward, aid in communicating the major research 
findings by multidisciplinary rheumatology clinical researchers, 
and provide important education on rheumatology issues to our 
readers. The Journal shows many signs of continued growth and 
impact. We expect that the firm foundation that has been left by 
the previous editors of the Journal since 1988 and the current 
standings will bring much success as the future of AC&R unfolds. 
We are elated that Dr. Kelli Allen and her deputy editors, Drs. Sam 
Lim and Todd Schwartz, will bring a great influx of energy to the 
journal, and we are excited about their vision for enhancements 
to the journal. AC&R is a strong and essential presence in clinical 
rheumatology and rehabilitation sciences across the world. We 
leave our editor positions with confidence that AC&R will continue 
to thrive in the years to come.

It has been a great honor to serve as editors for AC&R and 
to see the Journal’s growth and influence multiply over the years.
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Foot Osteoarthritis: Addressing an Overlooked Global 
Public Health Problem
Yvonne M. Golightly1  and Lucy S. Gates2

Foot pain affects at least 1 in 3 adults over the age of 45 
years (1), and 1 in 6 adults ages ≥50 years with foot pain also have 
radiographic evidence of foot osteoarthritis (OA) (2). Unfortunately, 
our knowledge of foot OA and its burden substantially lags behind 
that of other joint sites (i.e., knee, hip, and hand). Given the link 
of foot pain and disorders with disability and reduced quality of 
life (3), a greater understanding of foot OA and its pathogenesis 
and risk factors is needed, especially since foot OA is a serious 
disease with a significant public health burden.

In this issue of Arthritis Care & Research (4), Arnold et al 
advance the field of foot OA with their novel study on associations 
of foot and leg muscle strength with symptomatic midfoot OA, 
a frequent type of foot OA. This study builds on prior research 
demonstrating the associations of muscle weakness with OA at 
the hip, knee, and hand with pain and impaired physical func-
tion. In this cross- sectional study, 52 participants with midfoot 
OA demonstrated less strength in all foot and leg muscle groups 
(i.e., ankle plantarflexors, dorsiflexors, invertors, and evertors; hal-
lux and lesser digit plantarflexors) compared to 36 asymptomatic 
individuals without radiographic midfoot OA. Additionally, greater 
ankle invertor strength was associated with less foot pain among 
individuals with midfoot OA. Based on the study design, the direc-
tion of these associations is not known, but these results provide 
initial data to support a future investigation of foot and leg muscle 
strengthening as a potential treatment for symptomatic midfoot 
OA.

The authors call attention to limitations of their study, includ-
ing the criteria for defining absence of midfoot OA and the smaller 
sample size of the asymptomatic participant group. They also 
acknowledge the necessity for larger samples and longitudinal 
studies to examine the role of foot and leg muscle weakness with 
pain and structural outcomes in the midfoot, along with a need 
to investigate foot and leg muscle strengthening as a treatment 
for midfoot OA. These significant research needs, along with lim-
itations observed in other studies of foot OA, suggest multiple 

research areas required for progressing our understanding of the 
etiology of foot OA and its management. The purpose of this edi-
torial is to discuss important considerations for improving future 
foot OA research across populations globally. Establishing stand-
ard definitions and measures of foot OA is essential for longitudinal 
analyses to identify risk factors for and subgroups of foot OA, as 
well as for clinical trials of treatments for this highly prevalent and 
disabling condition.

The current knowledge gaps in foot OA research are in part 
due to a lack of longitudinal population- based data to determine 
the number of people who may require care and to estimate the 
burden of foot OA among the general population. For the foot, 
there is a lack of agreed clinical definitions for many measures; for 
example, there is currently no agreement on how to capture OA- 
related foot pain. Only a handful of international cohorts collect 
foot data, but unlike the knee and hip, measures of foot OA, pain, 
and physical function often are not comparable across cohorts, 
therefore limiting comparative estimates across geographical 
regions.

Previously, defining radiographic foot OA was limited by 
the Kellgren/ Lawrence grading system, which depended greatly 
on the presence of osteophytes. This scoring system may not 
be reliable at the foot, where joint space narrowing could occur 
alone or prior to osteophyte formation. Until recently, previous 
studies have focused mainly on first metatarsophalangeal (MTP) 
joint radiographic OA, likely due to difficulties with radiographic 
interpretation at the smaller more complex joints. An important 
advancement in the field of foot OA was the development of the 
La Trobe Foot Atlas (5), which individually scores radiographic 
presentation of osteophytes and joint space narrowing at the first 
MTP joint and 4 midfoot joints: first and second cuneometatarsal 
joints, navicular- first cuneiform joint, and talonavicular joint. This 
atlas, which was used by Arnold et al (4), has improved our ability 
to estimate the prevalence of foot OA in populations. With the 
recent emergence of longitudinal radiographic foot data, questions 
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have arisen over how to define incident and progressive disease, 
and unfortunately, the La Trobe Foot Atlas was not designed to 
address these issues. For example, would we consider a foot joint 
with OA to have a clinically important worsening of OA if there is 
an increase solely in the osteophyte score, or should scores of 
both the osteophyte and joint space narrowing grades progress? 
Do these features have equal weighting at each of the 5 joints? 
Should radiographic OA in 1 joint in the foot be considered radio-
graphic foot OA, or should this definition depend on multiple joint 
involvement? If the presence of radiographic features is required 
in multiple joints, how many and which joints?

Evidence for phenotypes of foot OA has begun to emerge, 
with 3 distinct classes of radiographic foot OA, including  
no/minimal foot OA, isolated first MTP joint OA, and polyarticular 
foot OA (6). This work is a useful start in the understanding of pat-
terns of involvement across different joints in the feet, but further 
investigation across large cohorts is needed.

Questions over the radiographic definition of incidence and 
progression previously have arisen at the knee and the hand, with 
solutions suggested based on years of previously published work 
in the field (7– 10). Because of the potential multiple joint involve-
ment in foot OA, definitions used for incidence and progression 
of hand OA may serve as a model (8,9). Perhaps, the definition 
of radiographic foot OA would vary based on which joint or joints 
are involved and their potential association with pain and disability, 
in which case we should consider which features correspond to 
such clinical factors.

Defining symptomatic OA at the foot is necessary for pro-
ducing estimates that are meaningful to clinicians and patients. To 
date, large cross- sectional cohort studies of symptomatic foot OA 
have been limited by general definitions of foot pain (e.g., pres-
ence of pain anywhere in the foot) (2,11). A notable strength of 
the study by Arnold et al was the use of a foot manikin and pal-
pation of midfoot joints to determine that foot pain was present 
in the same region as the joints of interest, providing an example 
of how other studies could define symptomatic OA in a particular 
region of the foot. Definitions of foot pain also should consider 
the duration, quality (e.g., sharp, ache, stiffness), and severity of 
symptoms. Defining worsening of symptomatic foot OA is consid-
erably more complicated than radiographic foot OA. For instance, 
would a worsening of symptoms in the presence of stable radi-
ographic features at the foot be considered worsening of symp-
tomatic OA, or should radiographic features progress as well? 
Likewise, would worsening in structural severity of either or both 
features in the presence of stable symptoms be considered wors-
ening symptomatic OA?

Other possible ways of defining foot OA that could be de -
veloped include the use of images other than radiography, such 
as magnetic resonance imaging and ultrasound. A clinical defi-
nition that could be broadly used to help clinicians diagnose foot 
OA without imaging would be valuable. Similar to the American 
College of Rheumatology Diagnostic Guidelines for knee, hip, and 

hand OA, a clinical definition of foot OA could be developed based 
on patient age and the presence of signs and symptoms.

Due to a lack of longitudinal investigation and consistent defi-
nitions of foot outcomes, there is little evidence available regarding 
the potential risk factors for foot OA, without which it is difficult to 
develop interventional research. In fact, there are few randomized 
controlled trials in foot OA. Existing trials provide initial evidence 
for the effectiveness of pain relief of physical therapy, rocker sole 
shoes, foot orthoses, and surgical interventions in first MTP joint 
OA and of prefabricated orthoses in midfoot OA (12). The role 
of occupational activities, injuries, and physical activity in foot OA 
are not known; longitudinal investigations of these factors would 
determine their part in disabling foot OA and inform interventions.

In summary, standardizing definitions of foot OA would help 
us better understand the disease pathogenesis and risk factors, 
perhaps delineating different phenotypes of foot OA that require 
distinctive management approaches. By ensuring that future 
work related to foot OA can be compared across the globe, the 
true burden of foot OA can be established. As quality longitudinal 
data are gathered over time, we can gain a better comprehen-
sion of the natural history, treatment response, and economic 
impact of foot OA. Lessons learned for defining incident and 
progressive OA at the knee and hand can be applied to the foot. 
With standard definitions, clinical trials could be implemented 
to determine the effectiveness of applying existing OA manage-
ment approaches to foot OA or developing new interventions. 
We are at a pivotal time for providing definitions that can be used 
in all future longitudinal studies, which will inform the global pub-
lic health impact of foot OA and advance our ability to treat this 
disabling condition.
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Hydroxychloroquine: Not a Heart Breaker!
Julianna Desmarais1 and Mark S. Link2

Prior to 2020, there was a lack of general awareness of the 
potential for hydroxychloroquine (HCQ) and chloroquine (CQ) to 
cause cardiac arrhythmias, as rheumatologists and dermatologists 
have prescribed these medications for decades with no obvious 
cardiac safety signal. And while HCQ and CQ are listed as drugs 
with a known risk of torsades de pointes (www.credi bleMe ds. org) 
due to their effect on cardiac ion channels, there was little thought 
of HCQ causing arrhythmias (1). However, with the recent coro-
navirus disease 2019 (COVID- 19) pandemic, reports of HCQ use 
being associated with prolongation of the corrected QT (QTc) inter-
val and torsades de pointes emerged (2,3). Granted, azithromy-
cin, which is another agent known to block potassium cardiac ion 
channels that prolong the QTc, was frequently co- administered in 
patients infected with COVID- 19 who were also treated with HCQ. 
In addition, the patients receiving these medications were usually 
hospitalized and often quite ill. These patients often had some 
evidence of cardiac involvement secondary to COVID- 19, which 
itself was found to be cardiotoxic (4,5). All of these factors could 
increase the risk of cardiac arrhythmias.

In this issue of Arthritis Care & Research, Gupta et al report 
on the reduction of atrial fibrillation (AF) incidence among patients 
with systemic lupus erythematosus (SLE) who were treated with 
HCQ (6). In this retrospective cohort analysis of adult patients with 
SLE from December 1, 2014 to May 30, 2017, a total of 1,647 
patients were included, of which 917 were HCQ users and 730 
were nonusers. Patients with previous AF were excluded from 
the analysis, and episodes of AF in the first year of use of HCQ 
were not counted as end points, allowing for a run- in period. HCQ 
users were older, less likely to have hypertension, and more likely 
to have coronary artery disease, heart failure, and diabetes melli-
tus, which are all risk factors for AF. All comorbidities, except for 
the lower incidence of hypertension, would favor a higher risk of 
AF in HCQ users.

A total of 23 AF events were captured, including 3 in HCQ 
users and 20 in nonusers. Despite the more common risk fac-
tors for AF in HCQ users, even in the unadjusted analysis, admin-
istration of HCQ was associated with decreased incidence of 

AF. When controlling for AF risk factors with logistic regression 
analysis, the odds ratio for AF was 0.12, with a 95% confidence 
interval of 0.034– 0.39 (P = 0.0005). The propensity score match-
ing method showed essentially the same result.

There were 4 episodes of ventricular arrhythmia, including 1 
ventricular fibrillation in a nonuser and 2 ventricular tachycardias 
and 1 torsade de pointes in the HCQ user group, of which none 
were fatal. Although numerically higher in the HCQ users, this was 
not statistically significant. Still, based on the mechanism of action 
of HCQ on cardiac ion channels, an increase in risk of ventricular 
arrhythmias is plausible.

While this study was intended to highlight the potential ben-
efit of HCQ on AF incidence, it supports the concept that HCQ 
possesses cardiac ion channel– blocking properties and should 
be viewed in this light. HCQ and CQ are derivatives of quinidine. 
Quinidine is one of the earliest- developed anti- arrhythmic drugs 
that is efficacious for both atrial and ventricular arrhythmias but 
has a proarrhythmic risk of torsades de pointes (7). Its efficacy 
lies primarily in blockade of the rapid cardiac delayed- rectifier 
potassium current (IKr), which HCQ and CQ block as well. Block-
ade of this channel prolongs repolarization, leading to increased 
refractory time, the basis of its anti- arrhythmic effect in cardiac 
tissues. Not only is this channel the abnormal channel in long QT 
syndrome type 1 (8), but it is the same channel that is blocked 
by anti- arrhythmic drugs developed to treat atrial and ventricular 
arrhythmias, such as sotalol, dofetilide, and amiodarone.

HCQ and CQ are moderate IKr blockers, similar to macrolides, 
antipsychotics, and antifungals in their potency to block IKr. Like 
anti- arrhythmic drugs, HCQ and CQ do have predictable actions 
on the QT interval (9). This has been observed in animal stud-
ies and now more recently in COVID- 19– infected patients treated 
with HCQ, particularly when co- administered with azathioprine, 
another IKr blocker (3,5). There are also now both case reports and 
larger series that show HCQ does have QT prolongation effects 
in individuals with SLE and those with rheumatoid arthritis in the 
pre– COVID- 19 era (9– 11). Multiple randomized and observational 
studies have shown that anti- arrhythmic agents that block IKr have 
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been associated with a reduction in AF risk (12). However, these 
agents raise the concern for prolongation of QTc and, accordingly, 
increased risk of ventricular arrhythmias, including torsades de 
pointes and subsequent sudden cardiac death.

The study by Gupta et al (6) does have a limitation of being 
a retrospective study, and while logistic regression and pro-
pensity score matching methods showed an association with 
reduced AF incidence, this is an association and not necessarily 
a causal relationship. Residual confounding and indication bias 
for HCQ use or nonuse could still be playing a role. In addition, 
the authors do not report QTc changes with HCQ, nor adher-
ence to HCQ, which is a known issue (13). Still, the authors 
are to be commended for the evaluation of HCQ as a potential 
anti- arrhythmic agent and not just as a proarrhythmic agent. As 
lupus may be a risk for AF, and those with AF had higher mor-
tality in 1 study, a medication that is associated with a lower 
incidence of AF would be beneficial in this high- risk population 
(14,15).

This current study adds to the data that there is a cardiac 
effect of HCQ. Further studies that more clearly delineate HCQ 
adherence and any association of blood levels of HCQ as it relates 
to its effect on the IKr channel will be helpful. In addition, larger 
data- based studies on HCQ exposure and its impact on the QTc 
are necessary before drawing conclusions regarding HCQ cardiac 
effects. At this point, it is unclear about what type of screening 
should be done as we follow these patients. Finally, we need to 
be mindful that HCQ is and has been used for years in patients 
with SLE and rheumatoid arthritis with clear benefits in mitigat-
ing disease activity and progression, and this benefit may far out-
weigh any particular risk.
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Foot and Leg Muscle Weakness in People With Midfoot 
Osteoarthritis
John B. Arnold,1  Jill Halstead,2  Andrew J. Grainger,3 Anne- Maree Keenan,4 Catherine L. Hill,5 and 
Anthony C. Redmond4

Objective. To compare foot and leg muscle strength in people with symptomatic midfoot osteoarthritis (OA) with 
asymptomatic controls, and to determine the association between muscle strength, foot pain, and disability.

Methods. Participants with symptomatic midfoot OA and asymptomatic controls were recruited for this cross- 
sectional study from general practices and community health clinics. The maximum isometric muscle strength 
of the ankle plantarflexors, dorsiflexors, invertors and evertors, and the hallux and lesser toe plantarflexors was 
measured using hand- held dynamometry. Self- reported foot pain and foot- related disability were assessed with 
the Manchester Foot Pain and Disability Index. Differences in muscle strength were compared between groups. 
Multivariable regression was used to determine the association between muscle strength, foot pain, and disability 
after adjusting for covariates.

Results. People with midfoot OA (n = 52) exhibited strength deficits in all muscle groups, ranging from 19% 
(dorsiflexors) to 30% (invertors) relative to the control group (n = 36), with effect sizes of 0.6– 1.1 (P < 0.001). In 
those with midfoot OA, ankle invertor muscle strength was negatively and independently associated with foot pain 
(β = – 0.026 [95% confidence interval (95% CI) – 0.051, – 0.001]; P = 0.045). Invertor muscle strength was negatively 
associated with foot- related disability, although not after adjustment for depressive symptoms (β = – 0.023 [95% CI 
– 0.063, 0.017]; P = 0.250).

Conclusion. People with symptomatic midfoot OA demonstrate weakness in the foot and leg muscles compared 
to asymptomatic controls. Preliminary indications from this study suggest that strengthening of the foot and leg 
muscles may offer potential to reduce pain and improve function in people with midfoot OA.

INTRODUCTION

Foot osteoarthritis (OA) is a common cause of foot pain in 
older adults, affecting 1 in 6 adults ages >50 years in the UK (1). 
One of the most frequent presentations is symptomatic midfoot 
OA (12%), which affects the talonavicular (5.8%), navicular- first 
cuneiform (5.2%), or cuneometatarsal joints (3.9– 6.8%) (2). Mid-
foot OA is associated with significant pain (2,3) and difficulty in 
walking (3) and climbing stairs (4). Severe midfoot OA may cause 
foot deformity, changes in foot posture, and difficulty with finding 

suitable footwear (5). Symptoms appear to change little over time, 
with midfoot OA causing persistent foot pain and foot- related dis-
ability over 18 months (6).

Demonstrated risk factors for midfoot OA include female 
sex, age, obesity, intermediate/routine occupational class, previ-
ous foot/ankle injury, and pain in other weight- bearing joints (2). 
Within the foot, midfoot OA is associated with bony malalignment, 
resulting in reduced medial longitudinal arch height (7) and a more 
pronated foot posture (8). This is accompanied by reduced sag-
ittal plane range- of- motion in the medial longitudinal arch (4) and 
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elevated forces and pressures under the midfoot during walking 
(7,9). Despite a growing understanding of the clinical features and 
functional consequences of midfoot OA, previous studies have 
focused on selected structural and biomechanical components, 
such as radiographic alignment, foot motion, and plantar pres-
sures. Given the importance of muscle strength for joint stability 
and control, and the relationship between muscle weakness and 
OA in other joints (10,11), understanding muscle function in mid-
foot OA warrants further investigation. To the best of our knowl-
edge, however, no studies have investigated muscle strength in 
people with midfoot OA.

Muscle weakness is a hallmark of OA at other joints such 
as the hip (10), knee (12), and hand (13) and is associated with 
pain (14), joint instability (15), and performance- based (15) and 
self- reported physical function (16). Deficits in muscle strength 
appear early in OA (17) and, in the knee, have been associated 
with incident radiographic disease (18) as well as symptomatic 
and functional decline (11). Muscle strengthening exercises are a 
core component of OA management and are included in interna-
tional clinical guidelines (19– 21). There is, however, little research 
on muscle strength in people with foot OA, particularly in midfoot 
OA. One prior study of first metatarsophalangeal joint OA inves-
tigated the relationship between symptoms and demographic 
and clinical characteristics, including plantarflexion strength of the 
hallux (22). This study showed that hallux plantarflexion strength 
was negatively, although weakly, associated with first metatar-
sophalangeal joint pain. Whether foot and leg muscle weakness 
is present in people with midfoot OA has not been investigated. 
Furthermore, whether muscle strength is associated with patient- 
reported outcomes in midfoot OA, such as pain and function, has 
not been evaluated. Greater understanding of whether foot and 
leg muscle weakness is a feature of midfoot OA has potential clin-
ical implications, as muscle strength is modifiable (23) and may 
be a viable target for treatment. Pain and disability are the main 
reasons why people with OA seek treatment (24), therefore identi-
fication of the factors associated with symptoms has the potential 
to improve the design of treatments for this condition.

The aims of this study were to compare foot and 
leg muscle strength in people with symptomatic midfoot OA with 

asymptomatic controls and to determine whether muscle strength 
was associated with self- reported pain and foot- related disability. 
It was hypothesised a priori that people with midfoot pain and OA 
would present with foot and leg muscle weakness, and that mus-
cle strength would be negatively associated with pain and foot- 
related disability.

PATIENTS AND METHODS

Study design and recruitment. This was a cross- 
sectional study involving people with midfoot pain and OA and 
asymptomatic controls. Participants were recruited from the com-
munity via advertisements, general practitioners, and health clin-
ics. Ethics approval was obtained from the Leeds East Research 
Ethics Committee (17/YH/0261). All participants provided written 
informed consent prior to their involvement.

Participants. Symptomatic participants were ages >40 
years, had pain in the midfoot for >3 months with an average 
weekly pain severity of ≥3 of 10 on an 11- point numerical rat-
ing scale (NRS) that occurred with or worsened following weight- 
bearing activities. The presence of midfoot pain was confirmed 
by participants marking the site of pain on a foot manikin (25,26), 
and supplemented by clinical examination to assess whether pain 
was reported on palpation of the talonavicular (TNJ), navicular- 
cuneiform (NCJ), or cuneiform- metatarsal (CMJ) joints. Weight- 
bearing dorsoplantar and lateral radiographs were used to grade 
OA in either the TNJ, NCJ, or first or second CMJ by a mus-
culoskeletal radiologist (AJG) using the La Trobe Foot Atlas (27). 
An established case definition was used, where a joint was con-
sidered to have OA with a score of ≥2 for osteophytes or joint 
space narrowing (JSN) on either the dorsoplantar or lateral views 
(27). To establish intrarater reliability, scoring was repeated on 20 
participants, 3 months apart, without reference to the first set of 
scores. Exclusion criteria were >30 minutes of early morning stiff-
ness in the feet, inflammatory arthritis, muscle or connective tissue 
disease, neurologic conditions, corticosteroid injection to the foot 
in the past 6 months, stress fracture or history of foot surgery, 
or contraindications to radiographs. Concurrent knee or hip pain 
was permitted if the pain intensity was not greater than their mid-
foot pain and was quiescent (average daily pain less than midfoot 
pain and <2 in the past week on NRS).

Control group participants were required to be age >40 years 
and free from foot or lower extremity joint pain. This was verified 
using an 11- point NRS for foot pain and a body pain manikin. 
Additional exclusion criteria for controls were presence of radi-
ographic OA (osteophytes or JSN >1 on either view in any of 
the midfoot joints [TNJ, NCJ, first or second CMJ]), contraindica-
tions to radiograph, inflammatory arthritis, muscle or connective 
tissue disease, neurologic conditions, stress fracture, or lower 
extremity bone or joint surgery in the past 12 months. A meaning-
ful a priori sample size calculation was not performed due to the 

SIGNIFICANCE & INNOVATIONS
• To the best of our knowledge, this study is the first 

investigation of foot muscle strength in people with 
midfoot osteoarthritis and its relationship to foot 
pain and foot- related disability.

• Foot and leg muscle strength is reduced in all mus-
cle groups in people with midfoot osteoarthritis 
compared to asymptomatic controls.

• Muscle strength was independently and inversely 
related to foot pain in people with midfoot osteoar-
thritis.
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lack of prior research on muscle strength in people with midfoot 
OA. Therefore, the sample size, including unbalanced sampling of 
controls, was dictated by the period of recruitment for this study 
(12 months) and available funding.

Muscle strength testing. The maximal isometric strength 
of the leg and foot muscles was measured using a CITEC hand- 
held dynamometer (CIT Technics). The device has a range of 
0– 500 newtons (N) and, according to manufacturer’s data, was 
factory- calibrated to a sensitivity of 0.1%. Testing was performed 
by an experienced clinician (JBA) using standardized protocols, 
which have well- established intrarater (intraclass correlation coef-
ficient [ICC] 0.83– 0.94) and interrater reliability (ICC 0.77– 0.88) 
(28). All testing was performed by the same researcher, with the 
participants in a supine position and the lower extremity stabilized 
proximal to the ankle joint. The muscle groups that were evaluated 
included ankle plantarflexors, dorsiflexors, invertors and evertors, 
hallux plantarflexors, and lesser toe plantarflexors.

For plantarflexion strength, the dynamometer was positioned 
on the plantar surface of the foot just proximal to the first metatar-
sal head, and for dorsiflexion it was placed on the dorsal surface 
of the foot just proximal to the metatarsal heads. To prevent move-
ment during plantarflexion strength tests, the examiner anchored 
the dynamometer on the anterior aspect of the participants’ thigh. 
For inversion, the dynamometer was placed on the medial border 
of the foot at the midpoint of the shaft of the first metatarsal, and 
for eversion it was placed on the lateral border of the foot over 
the midpoint of the fifth metatarsal. Hallux plantarflexor strength 
involved positioning of the dynamometer on the plantar surface 
of the interphalangeal joint and on the plantar surface of the toes 
for lesser toe strength. To standardize joint position across feet 
of different sizes with the same dynamometer, both the hallux 
and lesser toes were dorsiflexed into the participants comforta-
ble end range of motion, as per the original protocol (28). The 
ankle was also placed in a plantarflexion during testing of the hal-
lux and lesser toe muscles to prevent co- contraction of the ankle 
plantarflexors.

Before testing, the required movement was passively 
demonstrated by the examiner. This was followed by asking the 
participants to perform the movement against the dynamometer 
to ensure the correct action could be performed. The “make” 
technique was used requiring participants to exert a maximum 
voluntary contraction (MVC) against the dynamometer. Three valid 
MVCs of 3– 5 seconds were obtained for each muscle group, with 
15 seconds rest in between each trial (29). Verbal encourage-
ment was standardized during the contractions, with the exam-
iner telling each participant to “go ahead- push- push- push- push 
and relax” (30). The mean value of 3 trials was used for analy-
sis (28). For participants with OA, the symptomatic side was the 
index foot; in cases of bilateral OA, only the most painful foot was 
tested. For controls, the right side was tested. To account for any 
differences in height or weight between groups, muscle strength 

data (in newtons) were normalized to body mass multiplied by 
height (% weight × height).

Foot pain and disability assessment. Pain severity in the 
past week, past month, and while walking was documented with 
an 11- point NRS for each, ranging from 0 (no pain) to 10 (worst 
pain imaginable). Pain and foot- related disability were assessed 
using the Manchester Foot Pain and Disability Index (MFPDI) (31), 
a 19- item questionnaire with subscales of foot pain (5 items), 
disability (10 items), appearance (2 items), and work or leisure (2 
items). Each item is scored from 0 (none of the time) to 2 (on most 
days/every day). Pain subscale scores range from 0 to 10 and 
function scores from 0 to 20, with higher scores indicating more 
pain or worse foot- related disability. The MFPDI, which has been 
previously used in people with midfoot OA (2,3,6), displays good 
construct validity and internal consistency (31). Prior to analysis, 
raw scores were converted to Rasch- transformed interval level 
scores.

Other clinical characteristics. Due to the relationship 
and importance of depression to the development and experi-
ence of foot pain (32,33), information on depressive symptoms 
was obtained by participants completing the Hospital Anxiety and 
Depression Scale (HADS) (34), a 14- item questionnaire with 7 of 
these items relating to depressive symptoms (scored 0– 3) with a 
total subscale score ranging 0– 21. The psychometric properties of 
the HADS have been previously established (35). Questionnaires 
were also administered to capture general (EuroQol 5- domain) 
(36) and OA- specific (OA- QoL) health- related quality of life (37). 
Foot posture was quantified using the 6- item version of the Foot 
Posture Index (FPI- 6), a validated and reliable clinical measure of 
foot posture (38,39). Each participant’s foot posture (total score 
for the index foot) was classified according to cut points from nor-
mative data as supinated (score <0), normal (0– 5), or pronated 
(≥6) (40).

Statistical analysis. Descriptive statistics were generated 
for participant characteristics, symptoms (pain NRS and MFPDI), 
and muscle strength scores. Normal distributions for muscle 
strength, pain NRS, and MFPDI scores were determined using 
histograms and Shapiro- Wilks tests. Independent sample t- tests 
and chi- square tests were used to compare participant charac-
teristics and muscle strength between the midfoot pain and OA 
and asymptomatic control groups. Equality of variances was con-
firmed with Levene’s test. Consistent with previous studies in foot 
OA (1), for the primary analysis the case definition for absence of 
radiographic OA in the midfoot included JSN or osteophyte grade 
of <2. We also conducted a further sensitivity analysis to evaluate 
differences in muscle strength between the midfoot OA group and 
asymptomatic controls using definitions of grade 0 (n = 19) and 
grade >0 (n = 17) for JSN or osteophytes in the midfoot joints. Dif-
ferences in muscle strength were also summarized as percentage 
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difference (%) and with standardized effect sizes (Cohen’s d coef-
ficient). Intrarater reliability of radiographic scoring of foot OA was 
determined using percent of agreement and weighted kappa with 
quadratic weights.

Pearson’s correlation coefficients were used to determine the 
strength and direction of the univariable relationship between mus-
cle strength and MFPDI pain and function. Multivariable linear 
regression was used to determine the association between muscle 
strength and MFPDI pain (model 1) and MFPDI function (model 2), 
with age, sex, and body mass index (BMI) as covariates. To avoid 
issues with multicollinearity of predictors in the multivariable models, 
only the muscle strength group that displayed the strongest univari-
ate relationship with MFPDI pain and function scores was included 
in the model. Due to the relationship between depression and pain, 
the depressive symptoms score was also entered into each model. 
We also adjusted for radiographic disease severity in the midfoot, 
represented by the total sum score of JSN and osteophytes for the 
TNJ, NCJ, and first and second CMJ. Results are presented as 
adjusted unstandardized regression coefficients (β) with 95% con-
fidence intervals (95% CIs). The amount of variance explained by 

each model was determined using the adjusted r2. All assumptions 
for the regression analyses were tested and met, including linearity 
of relationships and independence, homoscedasticity, and normal-
ity of residuals. Statistical significance was set at P less than 0.05. 
All analyses were conducted using SPSS, version 21.

RESULTS

Descriptive characteristics. Fifty- two people with mid-
foot OA and 36 asymptomatic controls completed all testing 
(Table 1). The mean age of the midfoot OA group was 62 years 
(73% women), with a BMI of 29.2 kg/m2, compared to the asympto-
matic controls (mean age 63 years, 66% women, BMI 27.2 kg/m2).  
There were no statistically significant differences in age, sex, or 
BMI between groups (P > 0.05).

Clinical characteristics. The midfoot OA group 
reported moderate levels of pain over the past 24 hours 
(mean ± SD 3.7 ± 2.2), with slightly higher average pain over the 
past week (mean ± SD 4.2 ± 32.2) and while walking (mean ± SD 

Table 1. Descriptive and clinical characteristics of midfoot OA and control groups*

Midfoot OA  
group (n = 52)

Control  
group (n = 36) P

Age, years 62.2 ±11.4 63.6 ± 11.7 0.586
Female sex, % 73 66 0.517
BMI (kg/m2) 29.2 ± 5.4 27.2 ± 4.8 0.053
Joint- specific radiographic OA, no. (%)†

Talonavicular joint 11 (21) – 
Navicular-­first­cuneiform­joint 21 (40) – 
First cuneiform- metatarsal joint 18 (35) – 
Second cuneiform- metatarsal joint 38 (73) – 

Foot pain and functional limitation
Dorsal midfoot pain, no. (%) 42 (81) – 
Plantar midfoot pain, no. (%) 10 (19) – 
Foot pain severity

Average in past 24 hours (0– 10 NRS) 3.7 ± 2.2 – 
Average in past week (0– 10 NRS) 4.2 ± 2.2 – 
On walking in past week (0– 10 NRS) 5.0 ± 2.6 – 

MFPDI Rasch pain‡ 5.95 ± 1.6 – 
MFPDI Rasch function‡ 8.62 ± 3.0 – 

Quality of life and mental health
OA quality of life§ 5.52 ± 5.9 1.08 ± 2.5 <0.001
EQ overall health (0– 100)¶ 68.30 ± 20.9 86.72 ± 11.9 <0.001
HADS depression# 3.87 ± 5.4 1.94 ± 3.0 0.035
HADS anxiety# 5.31 ± 6.0 3.72 ± 3.7 0.131

Foot Posture Index**
Supinated (<0), no. (%) 4 (8) 7 (19)
Normal (0– 5), no. (%) 19 (36) 18 (50)
Pronated­(≥6),­no.­(%) 29 (56) 11 (31) 0.044

* Values are the mean ± SD unless indicated otherwise. BMI = body mass index; EQ = 
EuroQol; HADS = Hospital Anxiety and Depression Scale; MFPDI = Manchester Foot Pain 
and Disability Index; NRS = numerical rating scale; OA = osteoarthritis. 
† Joint- specific OA does not equal 100%, as >1 midfoot joint may have OA. 
‡ Higher values indicate more foot pain or foot- related disability. 
§ Higher values indicate poorer OA-related quality of life. 
¶ Higher values indicate better health- related quality of life. 
# Higher values indicate more depression or anxiety symptoms. 
** Foot Posture Index scores are for the study foot only. 
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5.0 ± 2.6). Most participants reported dorsally located midfoot 
pain (81%) compared to plantar midfoot pain (19%). Thirty par-
ticipants with midfoot OA had unilateral midfoot pain (57%), and 
43% had bilateral midfoot pain. Radiographic OA was most com-
monly present in the second CMJ (73%), followed by the NCJ 
(40%), first CMJ (35%), and TNJ (21%). Intrarater reliability of radi-
ographic scoring was almost perfect (percent agreement = 92%; 
κW = 0.92 [95% CI 0.90, 0.95]). People with OA reported poorer 
OA- specific and general health- related quality of life, as well as 
a higher level of depressive symptoms, compared to asympto-
matic controls. A greater proportion of people with midfoot OA 
had a pronated foot posture (FPI ≥6) compared to controls, with 
fewer in the normal and supinated categories (Table 1).

Muscle strength. People with midfoot pain and OA dis-
played strength deficits in all muscle groups compared to asymp-
tomatic controls (Table 2). The magnitude of weakness ranged 
from 19% (dorsiflexion) to 30% (inversion), equating to effect 
sizes of Cohen’s d coefficient = 0.6 to 1.1 (Figure 1). Except for 
ankle dorsiflexion, differences existed regardless of whether peo-
ple with midfoot OA were compared to controls with grade 0 for 
JSN or osteophytes (n = 19) or with those with grade >0 (n = 17) 
(P < 0.001– 0.079) (see Supplementary Table 1, available on the 

Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24182/ abstract).

Relationship between muscle strength, pain, and 
function. In bivariate analyses, muscle strength was negatively 
correlated with pain and foot- related disability for all muscle groups 
(Table 3) except for hallux plantarflexion strength and MFPDI pain. 
Ankle invertor muscle strength was most strongly associated with 
both MFPDI pain (r = – 0.320, P = 0.027) (Figure 2) and MFPDI 
function (r = – 0.349, P = 0.015).

Multivariable associations between invertor muscle 
strength, MFPDI pain, and MFPDI function are presented in 
Table 4. Multivariable regression analysis revealed that ankle 
invertor muscle strength was independently associated with 
foot pain (β = – 0.026 [95% CI – 0.051, – 0.001]; P = 0.045) 
after adjusting for age, sex, BMI, radiograph severity, and 
depressive symptoms (Table 4). Depressive symptoms were 
positively associated with pain (β = 0.127 [95% CI 0.004, 
0.251]; P = 0.044). Invertor muscle strength was also neg-
atively associated with foot- related disability (β = – 0.023 
[95% CI – 0.063, 0.017]; P = 0.250) (Table 4), although not 
after adjusting for the HADS depression domain, which was 
positively associated with foot- related disability (β = 0.286 

Table 2. Comparison of foot and leg muscle strength between people with midfoot pain and 
osteoarthritis (OA) and asymptomatic controls*

Muscle strength  
(% weight × height)

Midfoot OA  
group 

(n = 52)

Control 
group 

(n = 36)
% 

difference
Effect size 
(Cohen’s d) P

Ankle plantarflexion 141 ± 48† 192 ± 61 26 0.9 <0.001
Ankle dorsiflexion 88 ± 33† 109 ± 30 19 0.6 <0.001
Ankle inversion 62 ± 22‡ 89 ± 28 30 1.1 <0.001
Ankle eversion 67 ± 20† 90 ± 27 26 1.0 <0.001
Lesser toes plantarflexion 62 ± 20† 79 ± 23 22 0.8 <0.001
Hallux plantarflexion 62 ± 19† 85 ± 26 27 1.0 <0.001

* Values are the mean ± SD unless indicated otherwise. Percent difference is calculated relative to 
asymptomatic controls. 
† n = 50, as 2 participants limited by pain on movement. 
‡ n = 48, as 4 participants limited by pain on movement. 

Figure 1. Box plot showing the muscle strength (% body weight [BW] × height [Ht]) for foot and leg muscle groups for midfoot osteoarthritis 
(OA) and control participants. Horizontal lines and error bars show the median and interquartile range. Dotted lines indicate mean value with 
corresponding effect size (Cohen’s d coefficient) and P for differences in mean between groups for each variable.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24182/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24182/abstract
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[95% CI 0.092, 0.480]; P = 0.005). As lesser toe plantarflex-
ion and ankle eversion strength were significantly associated 
with foot- related disability in univariate analyses (Table 3), we 
substituted these variables in the multivariable analyses, and 
they were found not to be associated with pain or foot- related 
disability (data not shown). The total variance explained by the 
independent variables of age, sex, BMI, radiograph severity, 
invertor strength, and depressive symptoms was 14% for foot 
pain and 29% for foot- related disability.

DISCUSSION

In this study, we aimed to compare foot and leg muscle 
strength in people with symptomatic midfoot OA and healthy con-
trols, and to determine whether muscle strength was associated 
with self- reported pain and foot- related disability. Our primary 
hypothesis was confirmed; we found that muscle strength was 
impaired in all muscle groups by 19% to 30% in people with mid-
foot OA. Our secondary hypothesis that muscle strength would 
be cross- sectionally associated with foot pain and foot- related 
disability was partially supported. Invertor muscle strength was 
independently associated with pain after adjustment for covari-
ates. Although invertor strength was negatively associated with 
foot- related disability, this association was not statistically signifi-
cant after adjustment for depressive symptoms.

Muscle weakness has been identified as a clinical feature 
of OA at other lower extremity joints, including the hip (10), knee 
(12), and hand (13). This is the first published study to investi-
gate muscle strength in midfoot OA. Reductions in maximal iso-
metric strength were observed across all foot and leg muscle 
groups in people with midfoot OA, with the largest differences in 
the ankle invertor group. This may be expected, given that radi-
ographic midfoot OA was present in the joints along the medial 
arch (TNJ, NCJ, first and second CMJ) (1), where the tibialis pos-
terior muscle (a primary hindfoot invertor) attaches to the adja-
cent tarsal bones and metatarsals. Deficits in intrinsic foot muscle 
strength were observed, including muscles that flex the lesser 
toes and hallux, which are responsible for stiffening the metatarso-
phalangeal joints to facilitate push- off during walking (41). We did 

not objectively quantify physical performance, but these findings 
suggest that muscle weakness in the foot and leg may partially 
explain deficits in functional ability seen in people with midfoot OA, 
such as difficulty walking and descending stairs (3,4).

Evidence from longitudinal studies undertaken in knee OA 
suggests that reduced knee extensor muscle strength is asso-
ciated with incident tibiofemoral OA (18) and increased risk of 
symptomatic and functional decline, particularly in women (11). 
Although it is plausible that muscle weakness plays a role in the 
pathogenesis of midfoot OA, there are other factors that require 
consideration. For example, in hand OA, the relationship between 
grip strength and incident radiographic OA differed by site (met-
acarpal, proximal, and distal interphalangeal joints), and higher 
grip strength was associated with incident disease in men but not 
women (42). The impact of muscle weakness on structural dis-
ease in midfoot OA may also be joint specific, and the impact on 
prognosis may differ according to the site of foot OA, which tends 
to cluster in the midfoot and first metatarsophalangeal joint (3). 
The interaction of muscle strength and malalignment may also be 
important, particularly as people with midfoot OA have flatter feet 
than asymptomatic controls (7). As this study was cross- sectional, 
we were not able to determine the temporal nature of the relation-
ship between muscle weakness and midfoot OA. Future prospec-
tive longitudinal studies in foot OA would be beneficial to clarify the 
nature and strength of these relationships.

The relationship between muscle weakness, foot pain, and 
self- reported function is complex and multifactorial. In this study, 
the models only explained a modest amount of variance in pain 

Figure 2. Relationship between invertor muscle strength (% weight 
[Wt] × height [Ht]) and Manchester Foot Pain and Disability Index 
(MFPDI) pain in people with midfoot osteoarthritis. Circles represent 
individual participants in the midfoot OA group.

Table 3. Univariate relationships between foot and leg isometric 
muscle strength variables and Manchester Foot Pain and Disability 
Index (MFPDI) pain and function subscales

Muscle strength  
(% body­weight ×­height)

MFPDI pain MFPDI function

r P r P
Ankle plantarflexion* – 0.034 0.813 – 0.221 0.122
Ankle dorsiflexion* – 0.176 0.222 – 0.155 0.282
Ankle inversion† –0.320 0.027 – 0.349 0.015‡
Ankle eversion* – 0.178 0.216 – 0.303 0.033‡
Lesser toes plantarflexion* – 0.279 0.053 – 0.346 0.015‡
Hallux plantarflexion* 0.043 0.767 – 0.125 0.387

* n = 50, as 2 participants limited by pain on movement.
† n = 48, as 4 participants limited by pain on movement. 
‡ P < 0.05. 
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(14%) and foot- related disability (29%), with radiographic OA 
score not independently associated with either outcome. We also 
determined that deficits in muscle strength in people with midfoot 
OA existed compared to controls regardless of whether the con-
trols demonstrated minor incidental radiographic features of midfoot 
OA. This suggests that pain, rather than established radiographic 
features, likely explained the differences in this model. These results 
are consistent with other sites of small- joint OA, such as the hand, 
where radiographic OA explains only a small amount of variance of 
hand pain and physical function (43,44), with pain mediating the rela-
tionship between radiographic disease and self- reported function 
and strength (43). Studies using magnetic resonance imaging (MRI) 
and ultrasound- detected OA features, which indicate OA disease 
activity, have revealed stronger associations between bone marrow 
lesions and synovitis with pain and function (45,46). Relationships 
between MRI- detected features of foot OA and symptoms are yet 
to be explored but offer an opportunity to focus on earlier disease.

Strengthening exercises are associated with moderate 
improvements in pain, function, physical performance, and small 
improvements in quality of life compared to usual care in peo-
ple with hip and knee OA (47). Exercises for hand OA promot-
ing strengthening and joint stability have shown small beneficial 
effects on pain, function, and joint stiffness, with few adverse 
events, although overall the quality of evidence is low (48). Given 
existing knowledge of the role of exercise for people with OA 
in other joints, further studies appear warranted to investigate 
whether muscle strengthening is a feasible and effective method 
to decrease pain and improve function in people with midfoot OA. 
Importantly, person- level psychosocial factors also influence the 
report of symptoms, with numerous studies identifying poorer 
psychological well- being to be associated with the development 
(49) and severity (32) of persistent foot pain. Our study in midfoot 
OA was able to examine the influence of depressive symptoms on 

pain and function and found independent associations for both 
outcomes, underscoring the importance of psychosocial factors 
in foot OA.

There are limitations to this study. Muscle strength assess-
ment was conducted with the examiner aware of the participant’s 
clinical status. Blinding is difficult, if not impossible, to achieve 
when participants have OA involving pain and deformity. 
To mitigate this difficulty, we used standardized, reliable proto-
cols to obtain maximum force output from participants during 
testing. To be included in the control group, participants had to 
show grade 0 or 1 changes for JSN or osteophytes in all the mid-
foot joints. While this is the usual accepted criteria for absence of 
OA, 17 participants had grade 1 for either JSN or osteophytes in 
the midfoot. These participants were confirmed, however, to have 
no foot symptoms or history of foot injury likely to predispose them 
to OA. The sample size for the control group was chosen to be as 
large as could be practically achieved within the time and resource 
constraints, and consequently the control group included fewer 
participants than the OA group. Although we adjusted for impor-
tant confounders of foot pain in the multivariable analyses, the 
number of participants with midfoot OA also limited the number 
of independent variables included in the models. Given that the 
amount of explained variance in pain and function in the multivari-
able analysis was low, other factors not investigated are likely to be 
associated with foot pain and foot- related disability in midfoot OA.

In conclusion, people with symptomatic midfoot OA 
demonstrate weakness in the foot and leg muscles compared 
to asymptomatic controls. In those with midfoot pain and OA, 
ankle invertor muscle strength was independently and nega-
tively associated with pain after adjusting for covariates. Ankle 
invertor strength was also associated with foot- related disa-
bility, however, not after adjusting for depressive symptoms. 
Longitudinal studies are required to establish whether foot and 

Table 4. Relationship between invertor muscle strength and Manchester Foot 
Pain and Disability Index pain and function (outcomes)*

Variable

Unstandardized 
coefficients

95% CI Pβ SE
Model 1: pain

Age – 0.012 0.027 – 0.066, 0.042 0.660
Sex 0.234 0.566 – 0.910, 1.378 0.682
BMI – 0.049 0.055 – 0.159, 0.061 0.374
Invertor strength – 0.026 0.013 – 0.051, – 0.001 0.045†
Radiograph severity 0.070 0.044 – 0.018, 0.159 0.117
Depressive symptoms 0.127 0.061 0.004, 0.251 0.044*

Model 2: function
Age 0.074 0.042 – 0.010, 0.159 0.081
Sex 1.030 0.886 – 0.759, 2.820 0.252
BMI 0.077 0.085 – 0.095, 0.250 0.370
Invertor strength – 0.023 0.020 – 0.063, 0.017 0.250
Radiograph severity – 0.041 0.069 – 0.180, 0.098 0.555
Depressive symptoms 0.286 0.096 0.092, 0.480 0.005*

* 95% CI = 95% confidence interval; BMI = body mass index. 
† P < 0.05. 
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leg muscle weakness has implications for structural and symp-
tomatic decline. Strengthening of the foot and leg muscles may 
offer potential to reduce pain and improve function in people 
with midfoot OA.
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Effects of Vitamin D Supplementation on Disabling Foot 
Pain in Patients With Symptomatic Knee Osteoarthritis
Liudan Tu,1  Shuang Zheng,2  Flavia Cicuttini,3 Xingzhong Jin,4  Weiyu Han,5 Zhaohua Zhu,5  
Benny Antony,2 Tania Winzenberg,2 Graeme Jones,2 Jieruo Gu,6 Anita E. Wluka,3  and Changhai Ding7

Objective. The present study was undertaken to determine whether vitamin D supplementation or maintaining 
sufficient vitamin D level reduces foot pain over 2 years in patients with symptomatic knee osteoarthritis (OA).

Methods. A post hoc study was conducted from a randomized, double- blind, placebo- controlled trial named the 
Vitamin D Effect on Osteoarthritis (VIDEO) study. Symptomatic knee OA patients with serum 25- hydroxyvitamin D 
levels between 12.5 nmoles/liter and 60 nmoles/liter were included and randomly allocated to either monthly vitamin 
D3 or placebo treatment (1:1) for 2 years. Manchester Foot Pain and Disability Index (MFPDI) was used to evaluate 
foot pain and disabling foot pain was defined as at least 1 of the 10 functional limitation items (items 1– 9 and 11) 
being documented as on “most/every day(s)” in the last month. A repeated- measures, mixed- effects model was used 
to analyze the change of MFPDI scores between groups adjusting for potential confounders.

Results. A total of 413 patients with a mean age of 63.2 years (49.7% males) were enrolled and 340 completed the 
study. The mean MFPDI score was 22.8 ± 7.3, with 23.7% of participants having disabling foot pain at baseline. There 
were significant differences in MFPDI scores change between groups over 2 years, with more improvements in the 
vitamin D group than in the placebo group (– 0.03 versus 1.30; P = 0.013) and more improvement in those maintaining 
sufficient vitamin D levels (n = 226) than those who did not (n = 114) (– 0.09 versus 2.19; P = 0.001).

Conclusion. Vitamin D supplementation and maintenance of sufficient vitamin D levels may improve foot pain in 
those with knee OA.

INTRODUCTION

Osteoarthritis (OA) is a chronic disease worldwide and char-
acterized by joint pain and deformity. In those >60 years of age, 
the global prevalence of OA is ~10% in men and 20% in women; 
the financial burden is estimated as high as 1.0– 2.5% of the gross 
domestic product in Western countries (1). Foot pain, a com-
mon musculoskeletal pain, often defined as pain in the foot and/
or ankle (2), affects nearly 1 in 5 older individuals in the commu-
nity (3– 7) and has a detrimental impact on health- related quality 
of life. Foot pain often coexists with knee pain, and concurrent 

foot pain leads to impaired physical activity, lower quality of life, 
and increased levels of depression in patients with knee OA 
when compared with the general population (4,5). In addition, in 
a survey of 8,990 older individuals, most patients with knee pain 
also had pain in multiple joints, and the severity of knee pain and 
related disability was worse in the presence of pain elsewhere (6). 
Given that patients with knee OA are more likely to have foot pain 
and increased severity of foot pain, management of foot pain in 
patients with OA is of priority.

Vitamin D deficiency and insufficiency, which are generally 
defined as a serum 25- hydroxyvitamin D concentration of <50 
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nmoles/liter and between 50 and 75 nmoles/liter, respectively (8), 
are common all around the world, presenting in ~45% of adults 
in Australia (9). Previous epidemiologic studies have reported that 
vitamin D deficiency is associated with chronic musculoskeletal 
pain and depression, but underlying mechanisms are complex 
and unclear (10– 12). Studies exploring the effect of vitamin D sup-
plementation on nonspecific chronic pain in the adult population 
and in those with rheumatoid arthritis and osteoporosis have had 
inconsistent findings (12,13). In addition, the efficacy of vitamin D 
supplementation on knee pain in patients with knee OA is incon-
sistent between the Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) pain score and the visual analog 
scale (VAS) knee pain score (14,15). To date, there have been no 
studies exploring the effect of vitamin D supplementation on foot 
pain in patients with knee OA. Therefore, the aim of our study 
was to explore whether vitamin D supplementation or maintaining 
sufficient vitamin D level reduces foot pain in patients with symp-
tomatic knee OA initially deficient in vitamin D.

PATIENTS AND METHODS

Patients and trial design. A post hoc study was conducted 
based on a randomized, double- blind, placebo- controlled trial 
named the Vitamin D Effect on Osteoarthritis (VIDEO) Study (Clin-
icalTrials.gov identifier: NCT01176344), in which the primary out-
comes were tibial cartilage volume and knee pain among patients 
with symptomatic knee OA (16). Patients who suffered from symp-
tomatic knee OA for at least 6 months, who had knee pain of 20– 
80 mm on a 100- mm VAS and serum 25- hydroxyvitamin D levels 
between 12.5 nmoles/liter and 60 nmoles/liter, and who were ages 
50– 79 years were included. Patients with grade 3 radiographic 
changes on the Altman and Gold atlas, severe knee pain on stand-
ing (>80 mm on a 100- mm VAS), other rheumatic diseases, such 
as rheumatoid arthritis, psoriatic arthritis, and lupus, contraindi-
cation to magnetic resonance imaging (MRI), cancer, severe car-
diac or renal impairment, hypersensitivity to vitamin D, anticipated 
knee or hip surgery within the next 2 years, and a history of taking 
vitamin D within the previous 1 month were excluded from this 
study. After signing the written consent form, patients were ran-
domly allocated to 24 months of vitamin D or placebo treatment 
at a ratio of 1:1. A monthly capsule containing 50,000 international 
units (IU) (1.25 mg) of vitamin D3 (cholecalciferol) or placebo was 
given to patients, and assessments were conducted at baseline 
and at months 3, 6, 12, and 24. This study was approved by the 

Ethics Committees in Tasmania and Melbourne (reference num-
bers H1040 and CF10/1182- 2010000616, respectively).

Measurements. Manchester Foot Pain and Disability 
Index (MFPDI) questionnaires. The MFPDI questionnaire was 
used to measure foot pain of patients at months 0, 3, 6, 12, and 
24. The MFPDI was developed to measure foot pain and disabil-
ity in the elderly (17). It is a proven, useful, and valid instrument 
for assessing foot pain in the older population and has been 
used in both observational studies and randomized controlled 
trials (18). Each item was scored either 1 (none of the time), 2 (on 
some days), or 3 (on most days/every day). The total score was 
calculated by summing the scores of 17 items, with a possible 
score range of 17 to 54. A higher score indicates greater disa-
bility. Disabling foot pain was defined when at least 1 of the 10 
functional limitation items (items 1– 9 and 11) was documented 
as “most/every day(s)” in the last month (18).

Knee structure measurements. Radiographic OA was as-
sessed at baseline by an anteroposterior radiograph of the pa-
tient in a standing, semiflexed position, as per the Altman atlas 
(19), according to the protocol of the Osteoarthritis Research 
Society International atlas for scoring osteophytes and joint 
space narrowing. MRI scans with a commercial transmit– receive 
extremity coil at baseline and 2 years of the study knee were 
obtained according to standardized protocol. T2- weighted/pro-
ton density– weighted, fast spin- echo sequences were used to 
assess cartilage defects and bone marrow lesions; details on the 
protocol have been described previously (20).

WOMAC. The WOMAC scale (21) was used to detect knee 
symptoms at months 0, 3, 6, 12, and 24. The sum of pain (range 
0– 500), stiffness (range 0– 200), and physical function (range  
0– 1,700) subscales was calculated as the total WOMAC score 
(range 0– 2,400).

Serum 25- hydroxyvitamin D measurement and definition of 
vitamin D status. Serum 25- hydroxyvitamin D levels were as-
sayed using direct competitive chemiluminescent immunoassays 
at screening, month 3, and month 24. Patients whose serum 
25- hydroxyvitmin D level was >50 nmoles/liter at both month 
3 and month 24 were classified into the group that maintained 
sufficient vitamin D, and those whose serum 25- hydroxyvitmin D 
level was <50 nmoles/liter at either month 3 or month 24 were 
classified into the group that did not maintain sufficient vitamin D.

Physical activity. Physical activity was assessed using the 
International Physical Activity Questionnaire short version, which 
has been proven to be valid and reliable in monitoring population 
levels of physical activity among older adults in diverse settings 
(22). Based on the scoring protocol, we classified physical activity 
status as insufficiently active, sufficiently active, and highly active.

Other measurements. Body height and weight were meas-
ured at baseline, and body mass index (BMI; kg/m2) was calcu-
lated. Height was measured to the nearest 0.1 cm (with shoes 
removed) using a Leicester Height Measure stadiometer (Invicta 

SIGNIFICANCE & INNOVATIONS
• Foot pain is common in patients with symptomatic 

osteoarthritis (OA), and vitamin D deficiency is re-
lated to chronic pain.

• This study suggests that vitamin D supplementation 
may be beneficial for foot pain in patients with OA.
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Plastics), and weight was measured to the nearest 0.1 kg (with 
shoes and bulky clothing removed) using Heine S- 7307 elec-
tronic scales (Heine).

Statistical analysis. Baseline characteristics between 
patients with and without disabling foot pain were compared 
using independent t- tests or chi- square tests. A repeated- 
measures mixed- effects model with terms for treatment, time, and 
treatment by time and adjustment for age, sex, and BMI was used 
to analyze the change in MFPDI scores over 24 months for the 
group including vitamin D versus the placebo group and the group 
that maintained sufficient vitamin D versus the group that did 
not maintain sufficient vitamin D. Multilevel mixed- effects models 
were used to deal with missing data caused by loss to follow- up 
and nonresponses. A subgroup analysis exploring the effects of 
vitamin D supplementation and maintaining sufficient vitamin D 
levels on the relief of foot pain in patients with disabling foot pain 
was performed at baseline. All tests were 2- sided, and P values 
less than 0.05 were considered significant. Stata, version 12.0, 
was used to perform statistical analyses.

RESULTS

Baseline characteristics. A total of 413 patients were 
included and randomized to receive either vitamin D (n = 209) or 
placebo (n = 204) treatment. After 24 months, 340 patients com-
pleted the trial; there were no significant differences in baseline 
characteristics between patients who completed the study and 
those who did not. The average age of patients was 63.2 years, 

with a mean BMI of 29.6 kg/m2; 49.7% of them were female. 
The mean ± SD MFPDI score was 22.8 ± 7.3. For those reporting 
foot pain at baseline (n = 214), 74 patients (34.6%) reported pain 
in the toes, 49 (22.9%) reported pain in the ball of foot, 48 (22.4%) 
reported pain in the arch, 43 (20%) reported pain in the whole foot, 
and 37 (17.3%) reported pain in the heel. Disabling foot pain was 
present in 23.7% (n = 98) of patients according to MFPDI case 
definition. There were also no significant differences in baseline 
characteristics, MFPDI scores, prevalence of disabling foot pain, 
knee symptoms, and knee structure measurements between the 
vitamin D group and the placebo group (Table 1). At the same 
time, the baseline serum vitamin D level was higher in the group 
that maintained sufficient vitamin D when compared with the 
group that did not maintain sufficient vitamin D (45.2 versus 41.5; 
P = 0.01), while other characteristics were similar for the 2 groups.

Vitamin D supplementation and change in MFPDI 
scores. Over 24 months, MFPDI scores remained largely 
unchanged in the vitamin D group (– 0.03 [95% confidence inter-
val (95% CI) – 0.80, 0.74]) while worsening in the placebo group 
(1.30 [95% CI 0.51, 2.09]) (Figure 1). There were significant differ-
ences in change of MFPDI scores between groups in the mixed- 
effects model after including all time points adjusted for age, sex, 
and BMI (between- group difference – 1.32 [95% CI – 2.43, – 0.22], 
P = 0.013) (Table 2 and Figure 1).

In subgroup analyses, for patients with disabling foot pain 
at baseline, although those who received vitamin D treatment 
had lower changes in MFPDI scores compared with the pla-
cebo group after 24 months, the difference was not statistically 

Table 1. Baseline characteristics of participants between the group that maintained sufficient vitamin 
D and the group that had insufficient vitamin D*

Vitamin D group  
(n = 209)

Placebo group  
(n = 204) P

Age, years 63.55 ± 6.88 62.85 ± 7.22 0.32
Female, no. (%) 106 (50.72) 102 (50) 0.92
Body mass index 29.57 ± 5.39 29.64 ± 4.62 0.88
Baseline 25(OH)D level, nmoles/liter 43.74 ± 11.79 43.81 ± 12.66 0.95
MFPDI score (range 0– 34) 21.85 ± 6.83 22.66 ± 7.49 0.27
Disabling foot pain, no. (%) 101 (47.42) 112 (52.58) 0.30
Physical activity, no. (%) 0.71

Insufficiently active 38 (19.0) 40 (20.83)
Sufficiently active 82 (41.0) 71 (36.98)
Highly active 80 (40) 81 (42.19)

WOMAC score
Pain (range 0– 500) 137.88 ± 88.82 134.74 ± 83.42 0.71
Function (range 0– 1700) 487.94 ± 318.14 467.59 ± 292.79 0.50
Stiffness (range 0– 200) 61.48 ± 41.53 61.74 ± 40.08 0.95

Knee structure measurement
Total radiographic OA (range 0– 18) 8.26 ± 5.56 8.31 ± 4.91 0.93
Total cartilage defects (range 0– 24) 14.84 ± 4.08 14.42 ± 3.94 0.29
Total bone marrow lesions (range 0– 45) 3.15 ± 3.22 3.59 ± 3.23 0.17

* Values are the mean ± SD unless indicated otherwise. Two- tailed Student’s t- tests were used for 
differences between means. Chi- square tests were used for proportions (percentages), and Wilcoxon’s 
rank sum tests were used for differences between medians. 25(OH)D = 25- hydroxyvitamin D; MFPDI =  
Manchester Foot Pain and Disability Index; OA = osteoarthritis; WOMAC = Western Ontario and 
McMaster Universities Osteoarthritis Index. 
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significant (a change of – 4.86 [95% CI – 6.79, – 2.93] in the vita-
min D group versus – 2.30 [95% CI – 5.33, – 0.31] in the placebo 
group; between- group difference – 2.56 [95% CI – 5.33, 0.21], 
P = 0.07). In patients without disabling foot pain at baseline, the 
between- group difference was smaller and also not statistically 
significant (a change of 1.36 [95% CI 0.59, 2.14] in the vitamin 
D group versus 2.46 [95% CI 1.66, 3.25] in the placebo group; 
between- group difference – 1.09 [95% CI – 2.20, 0.02], P = 0.05) 
(Table 2). For female patients, there was no significant difference 
in change of MFPDI scores between the vitamin D group and 
the placebo group. In male patients, vitamin D supplementation 
significantly improved MFPDI scores when compared with the 
placebo group (Table 2). However, there was no significant inter-
action between sex and vitamin D supplementation on change 
in MFPDI scores.

Maintaining sufficient vitamin D levels and change 
in MFPDI scores. In post hoc analyses comparing patients 
who maintained vitamin D sufficiency to those who did not, MFPDI 
scores, over 2 years, decreased in those maintaining vitamin D 
sufficiency (2.19 [95% CI 1.21, 3.18]) but increased in those who 
did not (– 0.09 [95% CI – 0.79, 0.61]); the between- group differ-
ence was – 2.29 (95% CI – 3.49, – 1.08; P = 0.001) after adjust-
ing for age, sex, BMI, serum 25(OH)D level, and baseline MFPDI 
score (Table 3 and Figure 2).

In subgroup analyses, for those with disabling foot pain at 
baseline, there was a greater decrease in MFPDI scores in those 
who maintained vitamin D sufficiency (– 0.14 [95% CI – 2.75, 2.48]) 
compared to those who did not (– 4.63 [95% CI – 6.35, – 2.92]); 
the between- group difference was – 4.49 (95% CI – 7.62, – 1.37; 
P = 0.005) (Table 3). There were similar findings in patients with-
out disabling foot pain at baseline (Table 3). For female patients, 
there was no significant difference between maintaining sufficient 
vitamin D and not maintaining sufficient vitamin D in change of 
MFPDI scores (Table 3). In male patients, significant improvement 
of MFPDI scores was found in the group that maintained sufficient 
vitamin D compared to the group that did not maintain sufficient 
vitamin D; however, there was no significant interaction between 
sex and maintaining sufficient vitamin D in change in MFPDI scores.

DISCUSSION

To the best of our knowledge, this study is the first to inves-
tigate the effects of supplementing vitamin D and maintaining suf-
ficient vitamin D level on foot pain in patients with symptomatic 
knee OA. In this sample, 51.8% of participants with knee OA 

Figure 1. Change in total Manchester Foot Pain and Disability 
Index scores (range 0– 34) in the vitamin D supplementation group 
(orange) and the placebo group (black).

Table 2. Effect of vitamin D supplementation on change in Manchester Foot Pain and Disability Index (MFPDI) 
scores over 2 years*

Mean 
change 
(95% CI)

Between- group  
difference change, 

mean (95% CI) P
Whole sample – 1.32 (– 2.43, – 0.22)† 0.013†

Placebo group (n = 204) 1.30 (0.51, 2.09)†
Vitamin D group (n = 209) – 0.03 (– 0.80, 0.74)

Those without disabling foot pain at baseline – 1.09 (– 2.20, 0.02) 0.05
Placebo group (n = 153) 2.46 (1.66, 3.25)†
Vitamin D group (n = 162) 1.36 (0.59, 2.14)†

Those with disabling foot pain at baseline – 2.56 (– 5.33, 0.21) 0.07
Placebo group (n = 51) – 2.30 (– 5.33, – 0.31)†
Vitamin D group (n = 47) – 4.86 (– 6.79, – 2.93)†

Female patients – 0.97 (– 2.65, 0.70) 0.26
Placebo group (n = 102) 1.19 (– 0.06, 2.43)
Vitamin D group (n = 106) 0.22 (– 0.91, 1.34)

Male patients – 1.59 (– 3.05, – 0.13)† 0.03†
Placebo group (n = 102) 1.32 (0.31, 2.33)†
Vitamin D group (n = 103) – 0.27 (– 1.33, 0.78)

* Changes in outcomes are generated from mixed- effects models adjusted for age, sex, and body mass index.
Between- group differences were calculated with values from the vitamin D group minus values from the placebo 
group, or values from the group that maintained sufficient vitamin D minus values from the group that had 
insufficient vitamin D. 
† Significant. 
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and vitamin D deficiency reported foot pain. Foot pain and disa-
bility scores (using the MFPDI) decreased more over 24 months 
in the treatment group that maintained sufficient vitamin D than 
in the placebo group and the group that did not maintain suffi-
cient vitamin D. Our results suggest that foot pain is common and 
that maintaining sufficient vitamin D levels over 24 months may 
have beneficial effects on foot pain in patients with knee OA.

Foot pain is a common condition in patients with OA. A recent 
cross- sectional study using data from the Osteoarthritis Initiative 
reported that one- fourth of individuals with knee OA experienced 
concurrent foot pain, with the majority (55%) reporting pain in both 
feet. Furthermore, patients with knee OA with foot/ankle symp-
toms reported worse scores on all WOMAC subscales, including 

the total score, worse health outcomes, and poorer physical func-
tion compared with those without foot/ankle symptoms (5). In our 
study, more than one- half of the patients (51.8%) reported foot 
pain at baseline, and patients with foot pain had lower quality of 
life and higher rates of depression, which is similar to results of 
previous studies. In another study, foot/ankle symptoms in either 
or both feet significantly increased the odds of developing knee 
symptoms and symptomatic radiographic knee OA in individuals 
at risk of the disease (23). Additionally, in patients with sympto-
matic radiographic knee OA, the presence of foot/ankle symptoms 
was associated with increased risk of knee pain over 4 years (24). 
Owing to the coexistent relationships between foot/ankle symp-
toms and knee OA, more attention should be paid to management 
of foot pain in patients with OA and in those at risk of knee OA.

Although there is a growing body of evidence suggesting 
that a low level of vitamin D is associated with chronic pain, no 
clinical study has been conducted to explore the effect of vitamin 
D supplementation on foot pain. Furthermore, studies examining 
whether vitamin D supplementation is beneficial on other mus-
culoskeletal pains are limited and have found conflicting results 
(10,12,13,25,26), mainly due to variations in participants, out-
come measures, sample size, vitamin D dosage, and follow- up 
time. A recent secondary analysis of a randomized controlled trial 
with a large sample suggested that long- term, monthly supple-
mentation of 100,000 IU of vitamin D did not improve pain scores 
or reduce analgesic dispensing in the general population (26). Sim-
ilarly, a Cochrane review also concluded that a significant beneficial 
effect of vitamin D on chronic painful conditions across  different 
sites was unlikely (10). However, in the current study,  vitamin D 
supplementation and sufficient vitamin D reduced MFPDI scores 

Table 3. Effect of vitamin D status on change in Manchester Foot Pain and Disability Index (MFPDI) scores over 
2 years*

Mean  
change  
(95% CI)

Between- group  
difference change,  

mean (95% CI) P
Whole sample – 2.29 (– 3.49, – 1.08)† 0.001†

Not maintaining sufficient vitamin D (n = 114) 2.19 (1.21, 3.18)†
Maintaining sufficient vitamin D (n = 226) – 0.09 (– 0.79, 0.61)

Those without disabling foot pain at baseline – 1.55 (– 2.76, – 0.33)† 0.01†
Not maintaining sufficient vitamin D (n = 91) 2.76 (1.77, 3.74)†
Maintaining sufficient vitamin D (n = 174) 1.21 (0.50, 1.93)†

Those with disabling foot pain at baseline – 4.49 (– 7.62, – 1.37)† 0.005†
Not maintaining sufficient vitamin D (n = 23) – 0.14 (– 2.75, 2.48)
Maintaining sufficient vitamin D (n = 52) – 4.63 (– 6.35, – 2.92)†

Female patients – 1.21 (– 2.98, 0.56) 0.18
Not maintaining sufficient vitamin D (n = 62) 1.52 (0.13, 2.91)†
Maintaining sufficient vitamin D (n = 98) 0.31 (– 0.79, 1.40)

Male patients – 2.92 (– 4.54, – 1.31)† 0.001†
Not maintaining sufficient vitamin D (n = 52) 2.81 (1.45, 4.17)†
Maintaining sufficient vitamin D (n = 128) – 0.11 (– 0.99, 0.77)

* Changes in outcomes are generated from mixed- effects models adjusted for age, sex, body mass index, 
25- hydroxyvitamin D level, and baseline MFPDI score. Between- group differences were calculated with values from 
the vitamin D group minus values from the placebo group, or values from the group that maintained sufficient 
vitamin D minus values from the group that had insufficient vitamin D. 
† Significant. 

Figure 2. Change in total Manchester Foot Pain and Disability 
Index scores (range 0– 34) in the groups that did maintain (orange) 
and did not maintain (black) vitamin D sufficiency. Color figure can 
be viewed in the online issue, which is available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24371/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24371/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24371/abstract
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in patients with symptomatic knee OA after 24 months compared 
with the placebo group, particularly in patients with disabling foot 
pain at baseline. There are a number of reasons as to why our 
results vary from other studies: our participants were selected 
based on low baseline vitamin D levels; we specifically examined 
foot pain using a validated measure; our vitamin D  dosage was 
50,000 IU per month, with the potential to improve compliance; 
and our duration of treatment was 2 years. As reported before 
in our randomized controlled trial, 62% of patients in the pla-
cebo group gained a sufficient 25- hydroxyvitamin D level after 
24 months. This may dilute the effect of vitamin D supplementa-
tion on MFPDI scores. On the other hand, consistent results were 
found when patients were classified into the group that maintained 
sufficient vitamin D and the group that did not maintain sufficient 
vitamin D. However, further clinical trials will be needed to deter-
mine whether vitamin D supplementation is beneficial for foot pain 
in patients with knee OA.

Previous studies have found that low levels of vitamin D are 
associated with chronic pain (12,27,28); but there is no previous 
work linking vitamin D deficiency to foot pain. In one population- 
based, cross- sectional study of 958 older adults, a lower level 
of vitamin D was not related to foot pain, but it was related to 
back pain (29). In contrast, in our longitudinal study, our popula-
tion with low vitamin D levels that maintained vitamin D sufficiency 
with supplementation had significantly decreased MFPDI scores 
compared with those who did not maintain vitamin D sufficiency 
between months 3 and 24, suggesting that correction of vitamin 
D deficiency might reduce foot pain over time.

Several potential mechanisms, such as bone demineraliza-
tion, muscle weakness, and pain dysregulation, may link vitamin 
D deficiency to musculoskeletal pain. Vitamin D can modulate a 
number of inflammatory pathways (30), which are associated with 
pain sensitization. Low vitamin D level can activate proinflamma-
tory cytokine proliferation, thus altering sensitization of peripheral 
and central pathways through nociceptive inflammation process-
ing (31,32), which may be an important contributor to clinical 
symptoms of knee OA (33). Even so, the underlying mechanisms 
between vitamin D deficiency and foot pain are still unclear, and 
further investigations are needed.

In patients with OA, differences in sex existed in the experience 
of pain, and psychological factors (34) and other factors, such as foot 
and ankle shape, footwear habit, obesity, decline in muscle strength 
with aging, and ligamentous laxity, may underline the differences in 
sex in regard to pain. In our study, female patients reported higher 
MFPDI scores and more disabling foot pain at baseline. Although male 
patients experienced significant improvement in MFPDI scores when 
treated with vitamin D supplementation and maintaining sufficient 
vitamin D level, there were no significant interactions between sex 
and vitamin D supplementation or maintaining sufficient vitamin D on 
change in MFPDI scores. This suggests that there is no difference in 
sex in the effects of vitamin D supplementation or maintaining suffi-
cient vitamin D on change in MFPDI scores.

There are several potential limitations to our study. First, this 
is a post hoc analysis in which foot pain was the secondary out-
come in the original protocol. Second, nearly one- half of patients 
reported some foot pain at baseline, and only 23.7% of patients 
had disabling foot pain according to the definition we used in this 
study. Even though the MFPDI score increased less after vita-
min D supplementation in those without disabling foot pain, the 
clinically significant difference of MFPDI score is unknown. Third, 
62% of patients in the placebo group reached sufficient vitamin D 
levels after 24 months of follow- up, which might be due to sea-
sonal change, outdoor physical activity, or other reasons that may 
lead to an underestimation of any benefit of vitamin D. In support 
of this, beneficial effects of vitamin D were also found in MFDPI 
scores after patients were divided into consistently and not con-
sistently sufficient vitamin D groups.

In conclusion, this is the first study to show that vitamin 
D supplementation and maintaining sufficient vitamin D levels 
reduces foot pain over 2 years in patients with symptomatic knee 
OA. Vitamin D supplementation and maintaining a sufficient vita-
min D level may improve foot pain in patients with knee OA.
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Association of Intermittent and Constant Knee Pain 
Patterns With Knee Pain Severity and With Radiographic 
Knee Osteoarthritis Duration and Severity
Lisa C. Carlesso,1  Gillian A. Hawker,2 James Torner,3 Cora E. Lewis,4 Michael Nevitt,5 and Tuhina Neogi,6 
for the Multicenter Osteoarthritis Study Group

Objective. To examine the relation of knee pain patterns to pain severity and to radiographic osteoarthritis (OA) 
severity and duration.

Methods. The Multicenter Osteoarthritis Study is a longitudinal cohort of older adults with or at risk of knee OA. 
Participants’ Intermittent and Constant Osteoarthritis Pain (ICOAP) scores were characterized as 1) no intermittent or 
constant pain, 2) intermittent pain only, 3) constant pain only, and 4) a combination of constant and intermittent pain. 
Knee pain severity was assessed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
pain subscale and a visual analog scale (VAS). Radiographic knee OA (ROA) severity was defined as Kellgren/
Lawrence grade ≥2, and ROA duration was defined according to the clinic visit at which ROA was first noted. We 
assessed the relation of ICOAP pain patterns to knee pain severity, ROA severity, and ROA duration using regression 
models with generalized estimating equations.

Results. There were 2,322 participants (mean age 68.8 years, body mass index 31.0 kg/m2, 60% female). Higher 
ICOAP pain patterns, i.e., a mix of constant and intermittent pain, were associated with greater WOMAC pain severity 
compared with those patients without either pain pattern (odds ratio [OR] 43.2 [95% confidence interval (95% CI) 
26.4– 61.3]). Results were similar for the VAS (OR 71.2 [95% CI 45.7– 110.9]). Those patients with more severe and 
longer duration of ROA were more likely to have a mix of constant and intermittent pain compared with those without 
either pain (OR 3.7 [95% CI 3.1– 4.6] and OR 2.9 [95% CI 2.5– 3.5], respectively).

Conclusion. Knee pain patterns are associated with radiographic disease stage and duration, as well as pain 
severity, highlighting the fact that pain patterns are important for understanding symptomatic disease progression.

INTRODUCTION

Knee osteoarthritis (OA) is a progressive disease whereby the 
frequency and severity of pain typically increases with worsening 
disease (1). Qualitative research has identified 3 specific patterns 
of pain in knee OA, which vary depending on the stage of the dis-
ease (2). These 3 patterns are reflected by the frequency of pain 
as being intermittent, constant, or a mix of constant with inter-
mittent, whereby people experience intermittent activity- related 

pain, then constant pain as the disease progresses, and finally 
the late stage of disease is demarcated by constant pain overlaid 
by more severe, often unpredictable, intermittent pain. Based on 
this understanding, a new measure, the Intermittent and Constant 
Osteoarthritis Pain (ICOAP) scale was developed to capture these 
pain patterns, thus allowing for improved understanding of pain in 
the different phases of disease (3).

The psychometric properties of the ICOAP measure were 
initially assessed (items, subscale, and total scores) showing 
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significant correlations with the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) pain subscale and the 
Knee Injury and OA Outcomes symptom scale in a relatively small 
sample (3). The scale has subsequently been validated with meas-
ures of self- reported function, physical performance, and physical 
activity using accelerometry (4,5). However, these studies have 
not evaluated the relation of the 3 different pain patterns (i.e., 
intermittent, constant, or constant and intermittent) that appear 
to reflect different disease stages, regardless of pain severity, to 
established symptom severity assessment instruments. In addi-
tion, there has not been a specific evaluation to date regarding 
the original premise of ICOAP pain patterns reflecting the stage of 
disease in OA, typically defined radiographically. In other words, 
we do not know whether mild radiographic findings or early- stage 
disease are associated with intermittent pain, intermediate radi-
ographic stages with constant pain, and late disease with both. 
Therefore, the objectives of this study were to examine the relation 
of ICOAP- defined pain patterns with knee pain severity, radio-
graphic disease severity, and duration.

SUBJECTS AND METHODS

The Multicenter Osteoarthritis (MOST) Study is an NIH- funded 
longitudinal cohort of community- dwelling adults between ages 
50 and 79 years who have or are at risk of developing knee OA 
at baseline. Subjects were recruited from Birmingham, Alabama, 
and Iowa City, Iowa. Details of the cohort have been published 
elsewhere (6). The study was approved by the institutional review 
boards at the University of Iowa; University of Alabama at Birming-
ham; University of California, San Francisco; and Boston University 
Medical Center that were in compliance with the Helsinki Declara-
tion. The current sample comprised participants who attended the 
60- month visit (baseline for this study), since it was the first time 
the ICOAP measure was obtained.

Pain measures. The ICOAP is an 11- item measure consist-
ing of items for each of 2 subscales, Intermittent and Constant. 
Items include pain intensity, pain frequency (for the Intermittent 
subscale), effect on sleep and quality of life, and the extent to 
which the pain “upsets or worries” and “frustrates or annoys.” 

Initial psychometric testing of the scale demonstrated good validity 
and reliability (3). At the 60- month visit, participants who reported 
at least some knee pain in the prior 30 days were asked to com-
plete ICOAP. ICOAP data was obtained in a knee- specific man-
ner, inquiring about symptoms over the prior 7 days. ICOAP pain 
patterns were defined according to responses to each respec-
tive subscale item on severity, ranging from none to extremely 
on a 5- point scale as follows: 1) no intermittent or constant pain,  
2) intermittent pain only (of at least “mild” severity and with a fre-
quency of at least “sometimes”), 3) constant pain only (of at least 
“mild” severity), and 4) a combination of constant and intermittent 
pain, as defined above. Pain severity was measured using a knee- 
specific WOMAC pain subscale (Likert version, range 0– 20) inquir-
ing about pain during the past 30 days (6). Scores were categorized 
as none, mild/moderate, or severe/extreme (7,8). Higher scores on 
the WOMAC indicate greater pain. A knee- specific visual analog 
scale (VAS) measured average pain severity (0– 10) in the past 30 
days, and was categorized as 0, 1– 4, and >4 (of 10) (9).

Radiographic analysis: duration and severity. Bilateral 
weight- bearing fixed- flexion posteroanterior radiographs of the 
knee were obtained at each study visit (0, 30, and 60 months). 
Radiographic severity in the tibiofemoral joint was graded by 2 
experienced readers blinded to clinical data according to Kellgren/
Lawrence (K/L) criteria (0– 4) (10). Any disagreements between read-
ers were adjudicated by a third reader along with the first 2 readers 
to reach consensus. The interrater reliability weighted kappa for the 
K/L grade was κ = 0.80. Radiographic knee OA (ROA) was defined 
as K/L grade ≥2. OA duration was defined according to the clinic 
visit at which ROA was first noted (i.e., the longest duration was 
for those who had ROA at baseline; the shortest duration was for 
those whose ROA was identified at the 60- month visit).

Potential confounders and relevant covariates. Vari-
ables included age, sex, body mass index (BMI), widespread pain, 
depressive symptoms, pain catastrophizing, study site, race, and 
K/L grade (for the pain severity analyses) at the 60- month visit. As 
per previous studies, widespread pain was operationalized using 
a validated standard homunculus (11). A Center for Epidemio-
logic Studies Depression Scale score of ≥16 was used to define 
depressive symptoms (12). Pain catastrophizing was measured 
using 1 item from the Coping Strategies Questionnaire, which has 
been shown to be valid and reliable (13). Race was categorized as 
White versus other.

Statistical analysis. We first evaluated the mean WOMAC 
pain and mean VAS pain (outcomes) for each ICOAP pain cate-
gory (exposure: none, intermittent only, constant pain only, both 
constant and intermittent pain), and the relation of ICOAP pain 
patterns (exposure) to the likelihood of having greater pain sever-
ity. We used generalized estimating equations (GEE) to account 
for 2 knees within an individual. We also hypothesized that those 

SIGNIFICANCE & INNOVATIONS
• In a cross- sectional analysis of a prospective cohort 

of people with or at risk of knee osteoarthritis, knee 
pain patterns (intermittent pain, constant pain, or 
constant and intermittent pain) were associated 
with radiographic disease stage and duration, as 
well as with pain severity.

• These findings highlight the importance of pain pat-
terns for understanding symptomatic disease pro-
gression.



CARLESSO ET AL 790       |

patients with greater pain severity would be more likely to have 
constant pain. We therefore evaluated the relation of knee pain 
severity categories (WOMAC and VAS, separately) (exposures) to 
ICOAP pain patterns (outcomes) using proportional odds logis-
tic regression with GEE. Similarly, we hypothesized that those 
with greater ROA severity and duration would likely have a more 
advanced ICOAP pain pattern. To evaluate this possibility, we 
examined the relation of ROA severity and duration (exposures) 
with ICOAP pain patterns (outcomes) using proportional odds 
logistic regression with GEE. All analyses were adjusted for age, 
sex, BMI, widespread pain, depressive symptoms, pain cata-
strophizing, and clinic site. K/L grade and race were additionally 
adjusted for in the knee pain severity analyses. All analyses were 
performed using SAS software, version 9.3.

RESULTS

At the 60- month visit, there were 2,322 participants (4,632 
knees) with ICOAP data (mean ± SD age 68.8 ± 8 years, mean ± SD 
BMI 31.0 ± 6, 60% female). The majority of knees (62%) had nei-
ther intermittent nor constant pain, 30% had intermittent pain only, 
4% had constant pain only, and 4% had both. In all, 60% of knees 
had no ROA, while 5.5% had incident ROA at the 60- month visit 
(shortest duration of OA), 5.5% had incident ROA at the 30- month 
visit, and 29.5% had ROA at the baseline visit (longest duration of 
OA) (Table 1).

Knee pain severity. By both the WOMAC and VAS scores, 
approximately 55% of knees had mild to moderate pain, and 
approximately 11% had severe/extreme pain. Mean pain scores 
increased with each successive ICOAP pain category, i.e., no inter-
mittent or constant pain, intermittent pain only, constant pain only, 

and constant plus intermittent pain: mean WOMAC pain (1.2, 4.9, 
8.2, and 9.0, respectively) and mean VAS pain (6.0, 27.5, 43.5, and 
53.2, respectively). ICOAP pain patterns (as per our definitions), 
were associated with a greater likelihood of being in a higher pain 
severity category by WOMAC and VAS. Specifically, those patients 
with a mix of constant and intermittent pain had 43 and 71 times 
higher odds of having greater pain severity than those without either 
type of pain (WOMAC odds ratio [OR] 43.2 [95% confidence interval 
(95% CI) 26.4– 61.3]; VAS OR 71.2 [95% CI 45.7– 110.9]) (Figure 1).

Additionally, greater WOMAC and VAS pain severity cat-
egories had higher odds of being associated with constant 
rather than intermittent pain only. For example, those patients 
with severe/extreme pain and those with mild/moderate pain 
by WOMAC had 3.8 times (95% CI 1.5– 9.4) and 1.4 times 
(95% CI 0.6– 3.3) higher odds, respectively, of having con-
stant versus intermittent pain only compared with those with a 
WOMAC pain score of 0. For VAS, those with scores >4 (OR 
4.7 [95% CI 1.7– 12.6]) and those with pain scores between 1 
and 4 (OR 1.2 [95% CI 0.5– 3.3]) similarly had higher odds of 
having constant versus intermittent pain only compared with 
those whose VAS score was 0 (Table 2).

ROA severity and duration. As shown in Table 3, those 
patients with greater ROA severity and a longer duration of knee 
ROA had higher odds of having pain patterns hypothesized to be 
associated with such a disease status (i.e., both intermittent and 
constant pain at the “highest” end of the ICOAP pain pattern). For 
ROA severity, there was a significant trend of having increasing 
odds of a higher K/L grade (1, 2, 3, or 4) with combined constant 
and intermittent pain (OR 1.3, 2.0, and 3.7, respectively), com-
pared with neither pain being present. Similarly, a significant trend 
was observed for ROA duration. When we limited our analysis to 

Table 1. Participant characteristics (n = 2,322; 4,632 knees)*

Characteristic Value
Age, mean ± SD years 68.8 ± 8.0
Female, % 60
Body mass index, mean ± SD kg/m2 31.0 ± 6.0
ICOAP pain patterns (knees)

No intermittent or constant pain 2,873 (62)
Intermittent pain only 1,389 (30)
Constant pain only 185 (4)
Both constant and intermittent pain 185 (4)

Kellgren/Lawrence grade (knees)
0 2,130 (46)
1 649 (14)
2 834 (18)
3 or 4 1,019 (22)

Radiographic knee OA status (knees)
No OA 2,779 (60)
Incident at 60 months (shortest duration) 255 (5.5)
Incident at 30 months 255 (5.5)
Prevalent at baseline (longest duration) 1,343 (29)

* Values are the number (%), calculated on the number of knees, 
unless indicated otherwise. ICOAP = Intermittent and Constant 
Osteoarthritis Pain; OA = osteoarthritis. 

Figure 1. Maximal Western Ontario and  McMaster Universities 
Osteoarthritis Index (WOMAC; circles) and visual analog scale 
(VAS; triangles)  pain category by pain patterns. Adjusted for age, 
sex, body mass index, catastrophizing, depressive symptoms, 
widespread pain, race, Kellgren/Lawrence grade, and clinic site. P 
for linear trend <0.0001 for both WOMAC and VAS. 95% CI = 95% 
confidence interval; OR = odds ratio.
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those patients with some pain (i.e., excluded those who reported 
no pain on ICOAP; final column of Table 3), those with the shortest 
duration of OA had a similar likelihood of having constant versus 
intermittent pain as those with no ROA (OR 0.7 [95% CI 0.4– 
1.3]). Those with longer durations of OA, i.e., present for at least 
60 months, had 1.4 times higher odds of having constant versus 
intermittent pain (OR 1.4 [95% CI 1.0– 2.0]).

DISCUSSION

Previously published qualitative data have suggested that with 
the progression of knee OA over time, the pain associated with 
knee OA transitions from intermittent to constant pain, punctuated 
by intermittent unpredictable pain (2). This transition served as the 
foundation for the development of the ICOAP measure. In light of 
this information, we sought to evaluate whether these identified 
conceptual clinical pain patterns, regardless of pain severity and 
as assessed by the ICOAP, were associated with expected incre-
ments in radiographic disease severity and longer duration of radi-
ographic disease, as well as with greater pain severity. We found 
that knee pain patterns defined by the ICOAP instrument were 
associated with greater ROA severity and duration. We note that 
the ICOAP- defined pain patterns indicative of later- stage disease, 

regardless of symptom severity on the ICOAP instrument, were 
associated with greater pain severity by both WOMAC and VAS.

These ICOAP- defined pain patterns, to our knowledge, 
have not been analyzed in this manner in prior published work. 
Therefore, similar comparisons are not possible, because typically 
only the summed subscale scores and/or their correlations with, 
for example, the WOMAC pain subscale, have been published 
(5,14). An association of the summed scores with pain severity 
by WOMAC is not surprising, since the ICOAP summed score 
includes an element of pain severity in some of the questions. 
Our evaluation of the knee pain patterns defined those patterns 
without regard to pain severity (i.e., intermittent or constant pain 
was defined by their reported presence). Additionally, the ICOAP 
assesses symptoms during the past week, while WOMAC and 
VAS pain scales assessed pain in the past 30 days, allowing us to 
examine the implications of the knee pain patterns outside of the 
1- week time frame. Notably, while the ORs were large, the 95% 
CIs were wide, demonstrating imprecision of the estimates, reflect-
ing the lower prevalence of constant pain and of constant plus 
intermittent pain in this community- based sample. Perhaps the 
closest approximation of our results come from a previous study 
of MOST data that focused on consistency of knee pain symp-
toms over 1 month. Although the ICOAP was not used, knee pain 
severity was reported to be higher in those patients with consistent 
pain (present on most days over a 2- month period) compared to 
inconsistent pain (only present on most days over 1 month), and 
those with ROA were less likely to have inconsistent pain (15).

We found that greater severity and longer duration of ROA 
were associated with a greater likelihood of constant plus inter-
mittent pain compared with neither pain type being present. In 
addition, longer ROA duration was also associated with constant 
pain only versus intermittent pain only, and there was a dose- 
response relationship. These results suggest the possibility that 
differing pain mechanisms underlie intermittent and constant pain. 
For example, constant pain found in later stages of disease sever-
ity may be representative of central pain sensitization, whereas 
earlier intermittent pain may be largely peripherally driven nocice-
ptive input (16). These findings speak more broadly to the need to 
understand other pain dimensions, such as these pain patterns, 

Table 2. Association of WOMAC and VAS categories with ICOAP 
constant versus intermittent pain*

Values
Maximal WOMAC knee pain†

None (n = 1,638) 1.0 (ref.)
Mild/moderate pain (n = 2,471) 1.4 (0.6– 3.3)
Severe/extreme pain (n = 514) 3.8 (1.5– 9.4)

Maximal VAS knee pain†
0 (n = 1,560) 1.0 (ref.)
1– 4 (n = 2,529) 1.2 (0.5– 3.3)
>4 (n = 534) 4.7 (1.7– 12.6)

* Values are the odds ratio (95% confidence interval) unless indicated 
otherwise, adjusted for age, sex, body mass index, catastrophizing, 
depressive symptoms, widespread pain, race, Kellgren/Lawrence 
grade, and clinic site. ICOAP = Intermittent and Constant Osteoarthritis 
Pain; ref. = reference; VAS = visual analog scale; WOMAC = Western 
Ontario and McMaster Universities Osteoarthritis Index. 
† P for linear trend < 0.0001. 

Table 3. Association of radiographic severity and duration of OA with ICOAP*

Knee OA severity
ICOAP 4- level 

outcome Knee OA duration
ICOAP 4- level 

outcome
ICOAP constant vs. 

intermittent pain only†
K/L 0 (n = 2,130, 46%) 1.0 (ref) No OA (n = 2,779) 1.0 (ref) 1.0 (ref)
K/L 1 (n = 649, 14%) 1.3 (1.1– 1.7) Incident OA at 60 months (shortest 

duration; n = 255)
1.8 (1.3– 2.4) 0.7 (0.4– 1.3)

K/L 2 (n = 834, 18%) 2.0 (1.6– 2.5) Incident OA at 30 months (n = 255) 2.3 (1.7– 3.1) 1.5 (0.9– 2.5)
K/L 3 or 4 (n = 1,019, 22%) 3.7 (3.1– 4.6) Prevalent at first study visit (longest 

duration; n = 1,343)
2.9 (2.5– 3.5) 1.4 (1.0– 2.0)

P for linear trend <0.0001 – <0.0001 0.03
* Values are the odds ratio (95% confidence interval) unless indicated otherwise, adjusted for age, sex, body mass index, catastrophizing,
depressive symptoms, widespread pain, and clinic site. Intermittent and Constant Osteoarthritis Pain (ICOAP) pain patterns modeled as 4- level 
ordered outcome as defined in Subjects and Methods. Percentages are calculated based on 4,632 knees. K/L = Kellgren/Lawrence; OA = 
osteoarthritis; ref. = reference. 
† ICOAP pain modeled as any constant pain versus intermittent pain only. 
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beyond pain severity alone to truly understand symptomatic dis-
ease progression.

The relation of ICOAP- defined pain patterns to ROA duration 
and severity is novel and lends new support to previous longitu-
dinal studies that have demonstrated the presence of different 
pain patterns and their variability (17). These results provide, for 
the first time, proof- of- concept evidence that these pain patterns 
do indeed track with OA structural disease. This work supports a 
relationship between the pain experience and its association with 
ROA severity and duration, which have had conflicting correla-
tions with pain severity (17). These results point to the likelihood 
that pain severity itself is not an adequate metric to understand 
the stage of symptomatic OA disease. Our data suggest that cli-
nicians may be able to use the ICOAP as a tool to effectively track 
knee OA progression, and this approach may potentially help mit-
igate the so- called “structure- symptom” discordance. Studies are 
needed to understand what may trigger the transition to more 
advanced pain patterns. However, discerning at what stage of 
OA pain patterns change from being intermittent in nature to con-
stant, and then to constant with unpredictable intermittent pain, 
will require longitudinal data in which greater variety in duration 
(and severity of OA) is captured along with the unpredictability of 
the intermittent pain.

Our main study limitation is that we were unable to ascer-
tain the influence of the onset or frequency of unpredicta-
ble intermittent pain that occurs after a specific trigger. This 
information may provide further discrimination of the stage of 
disease. Strengths of our study include the examination and 
validation of ICOAP- defined pain patterns with important indi-
cators of the stage of disease, with adjustment for known 
confounders and relevant covariates, in addition to our use of 
standardized and validated questionnaires. Further, this is the 
largest study to date to validate ICOAP with high- quality stand-
ardized radiographs.

In conclusion, ICOAP- derived knee pain patterns (intermit-
tent, constant, constant and intermittent) are associated with 
overall pain severity symptoms, disease duration, and severity 
of ROA. This finding supports previous qualitative work that 
described a progression from intermittent to constant pain, cul-
minating in a combination of the 2 as the OA disease process 
progresses. These findings highlight the need for a broader 
approach to understanding pain and its mechanisms that likely 
differ by stage of disease. Importantly, while pain severity alone is 
insufficient to understand disease stage and progression, these 
knee pain patterns appear likely to be more useful for under-
standing symptomatic disease progression.
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Get a Grip on Factors Related to Grip Strength in Persons 
With Hand Osteoarthritis: Results From an Observational 
Cohort Study
Ida K. Haugen,1  Janni Aaserud,2 and Tore K. Kvien3

Objective. To compare levels of grip strength in individuals with hand osteoarthritis (OA) with normative values, 
and to examine how hand OA severity and other biopsychosocial factors are associated with grip strength.

Methods. Levels of grip strength across age groups were compared with normative values from the general 
population in sex- stratified analyses using 2- sample t- tests. Associations between radiographic hand OA severity 
(Kellgren/Lawrence sum score) in different joint groups and grip strength of the same hand were examined in 
300 individuals from the Nor- Hand study using linear regression. Analyses were repeated using markers of pain, 
demographic factors, comorbidities, and psychological and social factors as independent variables. We adjusted for 
age, sex, and body mass index.

Results. Individuals with hand OA had lower grip strength than the general population, especially in individuals 
age <60 years. In thumb base joints, increasing radiographic severity (range 0– 8) and the presence of pain were 
associated with lower grip strength (β = – 0.83 [95% confidence interval (95% CI) – 1.12, – 0.53] and β = – 2.15 [95% 
CI – 3.15, – 1.16], respectively). Negative associations with grip strength were also found for women, low education, 
higher comorbidity index, and higher resting heart rate.

Conclusion. Individuals with hand OA have lower grip strength than the general population. Our results support 
the idea that studies on thumb base OA should include grip strength as an outcome measure. However, other 
biopsychosocial factors should also be considered when the grip strength is being interpreted, because other factors 
such as sex, socioeconomic factors, physical fitness, and comorbidities are negatively associated with grip strength.

INTRODUCTION

Hand osteoarthritis (OA) is a highly prevalent disease, increas-
ing in industrialized countries due to an aging population. It rep-
resents a considerable burden of disease of which awareness in 
research has increased over the last decade (1). However, there is 
still limited knowledge about the pathogenesis of hand OA and a 
lack of effective treatment options for the affected patients.

The main symptoms of hand OA are pain and aching in the 
affected joints. Other important symptoms include reduced grip 
strength, stiffness, loss of mobility, aesthetic damage, and disability 
(1). Studies of patient perspectives have shown that problems with 
gripping and reduced strength are considered important factors for 
hand OA patients, and grip strength is essential for the ability to carry 
out activities of daily life (2). Hence, activities requiring grip strength 

are included in patient- reported outcome measures assessing 
physical function in hand OA patients (3,4). Measurements of grip 
strength are important because they give an indication of the func-
tional integrity of the hand (5). The international organization Out-
come Measures in Rheumatology (OMERACT) recommends hand 
strength as part of the core domains for all hand OA studies, and 
assessment of grip strength, or alternatively pinch strength, is the 
current recommended instrument to assess hand strength (1). Pre-
vious studies have shown that increasing radiographic severity of 
hand OA is associated with reduced grip strength. In particular, a 
higher risk of reduced grip and pinch strength is observed in patients 
with radiographic OA in the thumb, including the first carpometa-
carpal (CMC1) joints, and the metacarpophalangeal (MCP) joints 
(5). The association of hand OA with function and strength meas-
urements has been suggested to be largely mediated by pain (5,6).
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On the other hand, in most medical areas, grip strength is used 
to define frailty, with weakness considered a key manifestation of 
sarcopenia. Fried et al included reduced grip strength as one key 
element of the “frailty phenotype,” together with weight loss, exhaus-
tion, slow gait speed, and low activity (7). In women with body mass 
index (BMI) of ≤26.0 kg/m2, low grip strength is defined as grip 
strength of the dominant hand of ≤17.3 kg. Similar values for men 
are ≤30.0 kg. Reduced grip strength is the most common frailty cri-
terion, after exhaustion, among prefrail older individuals (8).

Few previous studies have investigated the association 
between general health and grip strength in patients with OA. In 
the European Project on OA (EPOSA), a cohort of elderly individ-
uals age >65 years, 17% of the participants had clinical hand OA, 
and associations between several comorbidities and grip strength 
were identified (9).

Our aim was to compare levels of grip strength in individuals 
with hand OA with normative values from the general population. 
In explorative analyses, we were aiming for a better understanding 
of how grip strength in individuals with hand OA is affected by 
both their hand OA severity defined by radiographs and joint pain 
as well as by other biopsychosocial factors.

MATERIALS AND METHODS

Study population. The Nor- Hand study is a large- scale 
hospital- based observational cohort study, including 300 patients 
with hand OA ages 40– 70 years. The current analyses included 
cross- sectional data from the baseline examination. Each of 
the participating patients had hand OA diagnosed either by 
ultrasound or clinical examination by a rheumatologist. A more 
detailed description of the inclusion and exclusion criteria can be 
found in the published protocol (10). Among the exclusion cri-
teria were diagnoses of rheumatoid arthritis, psoriasis, psoriatic 

arthritis, reactive arthritis, spondyloarthritis, and hemochroma-
tosis. Patients with major comorbidities making them unable to 
attend the study visit were also excluded.

Grip strength. Maximal isometric grip strength, which is the 
gold standard for measurement of grip strength, was measured 
using a Jamar dynamometer. The procedure was executed with 
the patient sitting in a chair with his/her arm unsupported, keeping 
the elbow at a 90- degree angle. The dominant hand was tested 
first, by having the patient squeeze the dynamometer as hard as 
possible. The test was then repeated 2 times with 15 seconds 
rest between the assessments, before the same procedure was 
repeated on the nondominant hand. The results were recorded 
in kilograms with 1 decimal precision. In our analyses we used 
the mean value of the 3 measurements of grip strength for each 
hand. For 2 patients grip strength was measured in 1 hand only.

Markers of hand OA. All patients obtained bilateral fron-
tal hand radiographs (posteroanterior view). A trained reader 
(IKH) evaluated the 2nd– 5th distal interphalangeal (DIP), 1st– 5th 
proximal interphalangeal (PIP), MCP, and CMC1 joints using the 
Kellgren/Lawrence (K/L) scale (11). In addition, the scaphotra-
peziotrapezoidal (STT) joints were scored similarly, although not 
included in the original scale. Twenty randomly selected hand radi-
ographs were scored twice by the same reader with a mean ± SD 
interval of 16 ± 4 days between the first and second scoring. The 
intrareader reliability was excellent, with weighted κ = 0.92.

Patients were asked to rate the intensity of their pain in each 
hand after measuring the grip strength. Other questionnaires were 
completed either prior to or after the clinical examination, including 
general hand pain and disease activity during the past 24 hours 
on a numerical rating scale (NRS) (0 = no pain, 10 = worst imag-
inable pain/disease activity) and the Australian/Canadian Hand 
index (AUSCAN), which consists of 5 questions addressing pain 
in rest and during activities in the last 48 hours. Each question 
is answered on 0– 4 scales, leading to a sum score of 0– 20 (4). 
The patients were also asked to assess the presence of pain in 
individual hand joints during the last 6 weeks on a hand diagram. 
Whereas NRS pain after testing grip strength and pain in individual 
hand joints were assessed in both hands separately, the assess-
ment of NRS pain, disease activity, and AUSCAN pain referred 
to both hands together. Regular use of analgesics was defined 
as self- reported regular use of oral acetaminophen, nonsteroidal 
antiinflammatory drugs, or opioid or opioid- like analgesics.

Markers of other biopsychosocial factors. Each 
patient received an electronic case report form (or paper version if 
needed) including questions regarding their age, previous injuries 
of the hands/wrists, physical exercise, and comorbidities. Physi-
cal activity was self- reported on 1 question (“how many times you 
exercise with increased heart beat and respiratory rate for at least 
30 minutes”) with 4 response categories (“3 or more times/week,”  

SIGNIFICANCE & INNOVATIONS
• Individuals with hand osteoarthritis (OA) have low-

er grip strength than individuals from the general 
population, especially individuals age <60 years.

• Structural pathology and pain in the thumb base 
joints are more strongly associated with reduced 
grip strength than structural pathology and pain 
in the finger joints. Our results suggest that grip 
strength should be an outcome measure in clinical 
trials on patients with thumb base OA but is less 
relevant in studies focusing on interphalangeal OA.

• Grip strength is not only a marker of hand OA. Fe-
male sex, socioeconomic factors, physical fitness, 
and comorbidities are also negatively associated 
with grip strength, suggesting that other biopsycho-
social factors should be taken into account when 
interpreting the level of grip strength in individuals 
with hand OA.



HAUGEN ET AL 796       |

“1– 2 times/week,” “1– 2 times/month,” or “not regularly”) (12), of 
which the first 2 and the 2 latter categories were combined in our 
analyses. We collected data on comorbidities by having each patient 
respond to the Self- Administered Comorbidity Questionnaire, which 
includes 12 of the most prevalent medical conditions in general 
practice and 3 additional unspecified conditions (13). To illustrate 
the severity and consequences of the diseases, the questionnaire 
includes questions about treatment and how the conditions are 
affecting daily life, giving a total score of 0– 45. A trained medical 
student inspected the answers along with the patients, comparing 
the comorbidities to their list of medications (10).

To calculate BMI (kg/m2), a trained medical student meas-
ured the height and weight of the patients. Height was measured 
to the nearest millimeter and weight in kilograms with 1 decimal 
precision. A trained medical student measured blood pressure 
and heart rate. The examinations of blood pressure and heart rate 
were done using an automatic blood pressure machine with the 
patients in sitting position after 5 minutes of rest in supine position 
in a quiet room. Repeated measurements were performed until 2 
consecutive measurements had a ≤5 mm Hg difference in both 
systolic and diastolic blood pressure. The mean of these 2 blood 
pressure and heart rate measurements were used in the analyses.

Social factors included education, use of alcohol, and smok-
ing. Education was divided into 2 categories (“lower than or com-
pleted secondary school” versus “higher education at college or 
university”). Alcohol consumption was examined using the Alcohol 
Use Disorders Identification Test– Consumption, which includes 3 
questions about the frequency and amount of alcohol drinking. 
Each question has response categories on 0– 4 scales, giving a 
total sum score of 0– 12 (14). High alcohol consumption (possible 
harmful drinking) is defined as a score of 3 or more for women and 
4 or more for men. Smoking was reported into 4 categories (never 
smoker, previous smoker, current daily smoker, and current non-
daily smoker), and we dichotomized the smoking variable into cur-
rent daily/nondaily smokers versus never/previous smokers in the 
analyses. Psychological health was assessed using the Hospital 
Anxiety and Depression Scale (HADS), containing 14 questions on 
0– 3 scales regarding symptoms of depression and anxiety, giving 
a total score of 0– 42 (15).

Statistical analysis. We calculated the mean ± SD grip 
strength within different age groups in men and women and com-
pared these results with normative values from the general popu-
lation using 2- sample t- tests based on provided information about 
numbers, mean values, and SDs (16). The severity of radiographic 
OA in different joint groups (i.e., rays and rows) was calculated 
using K/L sum scores of the respective joints (11). The associa-
tion between radiographic hand OA severity (independent varia-
ble) and grip strength of the same hand (dependent variable) was 
examined using linear regression analyses. Unstandardized beta 
values with 95% confidence intervals (95% CIs) are presented. 
The analyses were repeated using self- reported pain, disease 

activity, and other biopsychosocial factors as the independent 
variables. Regression analyses were performed using generalized 
estimating equations to account for dependency between the 2 
hands within each patient and were adjusted for age, sex, and 
BMI (SPSS software, version 26). P values less than 0.05 were 
regarded as statistically significant. We performed sex- stratified 
analyses in case of interactions with sex (P less than 0.10).

RESULTS

Demographic and clinical characteristics. Demo-
graphic and clinical characteristics are shown in Table 1. The  
majority of the participants were women. More than half of the 
participants had at least 1 year of college or university educa-
tion. The participants demonstrated a wide range of radiographic 
severity and symptom severity, although a minority of the partici-
pants reported regular use of analgesics. The majority fulfilled the 
American College of Rheumatology criteria for hand OA (17). In 
total, 56 participants (19.3%) and 25 participants (8.6%) had anxi-
ety and depression scores of ≥8 on the HADS, respectively. There 

Table 1. Demographic and clinical characteristics of the study 
population (n = 300)*

Characteristic Value
Age, median (IQR) years 61.0 (56.7– 65.9)
Women 266 (88.7)
Body mass index, mean ± SD kg/m2 26.5 ± 5.0
Fulfilling the ACR criteria for hand OA 278 (92.7)
NRS disease activity (range 0– 10), mean ± SD† 3.7 ± 2.2
NRS hand pain (range 0– 10), mean ± SD† 3.8 ± 2.3
AUSCAN pain (range 0– 20), mean ± SD 8.2 ± 4.0
Regular use of oral analgesics 44 (14.7)
K/L sum score all joints right hand (range 

0– 64), median (IQR)
14.0 (7.0– 21.0)

K/L sum score all joints left hand (range 0– 64), 
median (IQR)†

14.0 (7.0– 22.0)

Previous right hand/wrist injury† 49 (16.3)
Previous left hand/wrist injury† 49 (16.3)
Infrequent physical exercise† 90 (30.0)
Comorbidity questionnaire sum score (range 

0– 45), median (IQR)
7.0 (4.0– 10.0)

Systolic blood pressure, median (IQR) mm Hg† 129 (120– 145)
Diastolic blood pressure, median (IQR) mm Hg† 79 (75– 86)
Heart rate at rest, median (IQR) beats/minute† 69 (62– 76)
Hospital Anxiety Depression Scale (range 

0– 42), median (IQR)†
6.0 (3.0– 10.0)

Low education† 125 (41.8)
Current daily or nondaily smoking 45 (15.0)
High alcohol consumption (AUDIT- C)† 205 (68.6)

* Values are the number (%) unless indicated otherwise. ACR = 
American College of Rheumatology; AUDIT- C = Alcohol Use Disorders 
Identification Test– Consumption; AUSCAN = Australian/Canadian 
Osteoarthritis Hand Index; IQR = interquartile range; K/L = Kellgren/
Lawrence; NRS = numerical rating scale. 
† N = 1 missing value for NRS pain, NRS disease activity, systolic blood 
pressure, diastolic blood pressure, K/L sum score in the left hand, 
education, and alcohol consumption; n = 2 missing values for heart 
rate at rest; n = 3 missing values for previous injuries; n = 5 missing 
values for physical exercise; n = 10 missing values for Hospital Anxiety 
and Depression Scale. 
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were few current smokers and many participants reported regular 
physical activity. On the other hand, the prevalence of possible 
harmful alcohol drinking was high.

Comparison of grip strength in individuals with 
hand OA versus the general population. In general, 
women and men from the Nor- Hand study demonstrated lower 
grip strength than previously observed in the general population 
across all age groups, especially in the right hand (dominant hand 
for 92.3% of the study population) in individuals age <60 years 
(Table 2). The differences between age categories were numeri-
cally larger in the general population than in the Nor- Hand study, 
where a similar decline in grip strength with increasing age was 
not observed. In both the general population and the Nor- Hand 
study, men had considerably higher grip strength than women 
(Table 2). In our study, 96 (36.1%) and 12 (35.3%) of the women 
and men, respectively, had reduced grip strength according to the 
frailty criteria of Fried et al (7).

Associations between hand OA and grip strength. 
Few participants had undergone prior surgery of the CMC1 joint 
(left: n = 2 [0.7%], right: n = 2 [0.7%], and bilateral: n = 1 [0.3%]). In 
analyses of the thumb base and ray 1, these hands were treated 
as missing.

All markers of self- reported hand pain and disease activity 
were strongly associated with lower grip strength (Table 3). Hav-
ing 1 or more painful MCP or thumb base joints during the last 6 
weeks was associated with lower grip strength (separate models). 
When pain in MCP joints and thumb base joints was included in the 
same model, the strengths of associations were weakened for both 
joint groups (MCP 1– 5: β = – 1.05 [95% CI – 2.15, 0.04] and thumb 
base: β = – 1.68 [95% CI – 2.77, – 0.58]). Looking at the different rays, 

a statistically significant association was found for ray 1 only. When 
pain in the thumb base, MCP1 and first interphalangeal (IP1) joints 
were included in the same model, we found a statistically significant 
association with grip strength for the thumb base only (β = – 1.71 
[95% CI – 2.84, – 0.59]) and borderline statistically significant associa-
tion for the MCP1 joint (β = – 1.09 [95% CI – 2.34, 0.16]).

Table 2. Grip strength in individuals with hand OA in comparison with normative values from the 
general population*

Age group

Men Women

Normative Nor- Hand P Normative Nor- Hand P
45– 49 years (n = 28) (n = 2) (n = 25) (n = 14)

Right 49.8 ± 10.4 41.3 ± 1.9 0.27 28.2 ± 6.8 20.9 ± 8.4 0.005
Left 45.7 ± 10.3 38.1 ± 3.1 0.31 25.4 ± 5.7 21.1 ± 5.9 0.03

50– 54 years (n = 25) (n = 2) (n = 25) (n = 35)
Right 51.5 ± 8.2 41.1 ± 21.5 0.13 29.8 ± 5.2 20.3 ± 9.0 <0.001
Left 46.2 ± 7.7 37.5 ± 14.4 0.16 26.0 ± 4.8 19.2 ± 9.7 0.002

55– 59 years (n = 21) (n = 7) (n = 25) (n = 71)
Right 45.9 ± 12.1 31.2 ± 7.9 0.01 26.0 ± 5.7 19.3 ± 7.0 <0.001
Left 37.7 ± 10.6 31.1 ± 7.2 0.14 21.5 ± 5.3 18.0 ± 6.9 0.02

60– 64 years (n = 24) (n = 12) (n = 25) (n = 69)†
Right 40.7 ± 9.2 35.4 ± 15.7 0.21 25.0 ± 4.5 21.7 ± 6.2 0.02
Left 34.8 ± 9.2 33.5 ± 15.2 0.75 20.7 ± 4.5 20.1 ± 6.6 0.68

65– 69 years (n = 27) (n = 9) (n = 28) (n = 69)†
Right 41.3 ± 9.3 34.5 ± 9.1 0.06 21.3 ± 4.3 19.8 ± 8.3 0.37
Left 34.8 ± 8.9 34.2 ± 12.2 0.87 18.6 ± 3.7 18.8 ± 9.1 0.91

* Values are the mean ± SD unless indicated otherwise. One person age 43 years and 9 persons 
age 70 years were excluded from analyses. Normative values from Mathiowetz et al (reference 16). 
Nor- Hand = hospital- based observational cohort study; OA = osteoarthritis. 
† n = 1 missing for the left hand. 

Table 3. Associations of hand pain and disease activity with grip 
strength*

Beta (95% CI) P
NRS disease activity (range 0– 10) – 0.98 (– 1.37, – 0.60) <0.001
NRS hand pain (range 0– 10) – 1.04 (– 1.43, – 0.65) <0.001
NRS hand pain after grip 

strength (range 0– 10)
– 0.88 (– 1.14, – 0.61) <0.001

AUSCAN hand pain (range 0– 20) – 0.48 (– 0.69, – 0.27) <0.001
Regular use of oral analgesics (no 

regular use = ref.)
– 3.87 (– 6.84, – 0.89) 0.01

Painful joints previous 6 weeks
Any painful joint in joint groups 

(no pain = ref.)
DIP 2– 5 – 0.16 (– 1.06, 0.74) 0.73
PIP 1– 5 – 0.44 (– 1.49, 0.61) 0.41
MCP 1– 5 – 1.60 (– 2.59, – 0.60) 0.002
Thumb base – 2.15 (– 3.15, – 1.16) <0.001

Any painful joint in rays  
(no pain = ref.)

Ray 1 (thumb base, MCP1, IP1) – 1.55 (– 2.52, – 0.58) 0.002
Ray 2 (MCP2, PIP2, DIP2) – 0.27 (– 1.20, 0.65) 0.57
Ray 3 (MCP3, PIP3, DIP3) – 0.64 (– 1.67, 0.39) 0.22
Ray 4 (MCP4, PIP4, DIP4) – 0.78 (– 2.41, 0.86) 0.35
Ray 5 (MCP5, PIP5, DIP5) – 1.09 (– 2.52, 0.34) 0.14

* Linear regression analyses with generalized estimating equations, 
adjusted for age, sex, and body mass index, with separate models for 
each variable. 95% CI = 95% confidence interval; AUSCAN = Australian/
Canadian Osteoarthritis Hand Index; DIP = distal interphalangeal;  
IP = interphalangeal; MCP = metacarpophalangeal; NRS = numerical 
rating scale; PIP = proximal interphalangeal; ref. = reference. 
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Increasing radiographic severity in the PIP and thumb base 
joints was also associated with lower grip strength (Table 4), but 
the association remained statistically significant for the thumb base 
only (β = – 0.79 [95% CI – 1.10, – 0.49]) when both joint groups 
were included in the same model. Analyses focusing on different 
rays revealed that OA in ray 1 only was statistically significantly 
associated with lower grip strength, whereas borderline statis-
tically significant associations were observed for rays 3 and 4. 
When rays 1, 3, and 4 were included in the same model, the asso-
ciation remained statistically significant for ray 1 only (β = – 0.35 
[95% CI – 0.60, – 0.10]). Within ray 1, only OA in the thumb base 
joints was associated with lower grip strength (CMC1: β = – 1.09 
[95% CI – 1.57, – 0.62] and STT: β = – 0.56 [95% CI – 1.05, – 0.08]), 
whereas no statistically significant associations were found for the 
IP1 and MCP1 joints (data not shown). When both radiographic 
OA severity in the CMC1 and STT joints and pain in the previous 
6 weeks in the thumb base were included in the same model, 
the strength of associations got weaker, but remained statistically 
significant for all 3 variables (data not shown).

Interactions with sex were found for NRS disease activity, 
several pain outcomes (NRS hand pain, NRS hand pain after grip 
strength, regular use of oral analgesics, painful DIP joints, and 
painful joints in ray 5, and radiographic OA severity in PIP joints 
and ray 5). For these disease activity and pain outcomes, the 
associations were slightly weaker for women and stronger for men 
(data not shown). A negative association between OA severity in 
PIP joints and grip strength was observed in women only. The 
association between OA severity in ray 5 and grip strength was 
nonsignificant in both sexes (data not shown).

Associations between other biopsychosocial  
factors and grip strength. Women in the Nor- Hand study 
had statistically significantly lower grip strength than men, 
whereas weak and nonsignificant associations with grip strength 

were observed for increasing age and BMI. A higher comorbid-
ity index, increasing resting heart rate, and low education were 
associated with lower grip strength. Patients with symptoms of 
anxiety and/or depression had lower grip strength than those 
with no such symptoms, but the association did not reach statis-
tical significance (Table 5).

Interactions with sex were found for infrequent physical exer-
cise, smoking, and low education. Whereas no statistically sig-
nificant association with grip strength was found for infrequent 
physical activity in all participants, sex- stratified analyses showed 
conflicting results, with higher grip strength in women and lower 
grip strength in men with low levels of physical activity (data not 
shown). A negative association was found between smoking and 
grip strength in men only (β = – 13.59 [95% CI – 26.03, – 1.14]), and 
not in the total study sample or women. The negative association 
between low education and grip strength was stronger in men 
than women (data not shown).

DISCUSSION

In this study of individuals with hand OA, we found that radio-
graphic OA severity, disease activity, and pain were associated 
with reduced grip strength in the same hand. Pathology in the 
CMC1 joint seemed to be most important for the grip strength. 
Furthermore, other factors such as female sex, higher self- 
reported comorbidity score, high heart rate at rest, and low edu-
cation were also related to lower grip strength, suggesting that not 
only hand OA, but also the general health of the individuals may be 
important for their grip strength.

Table 4. Association between radiographic hand OA severity and 
grip strength in the same hand*

Beta (95% CI) P
K/L sum score in joint groups

DIP 2– 5 (range 0– 16) 0.00 (– 0.17, 0.17) 1.00
PIP 1– 5 (range 0– 20) – 0.18 (– 0.34, – 0.03) 0.02
MCP 1– 5 (range 0– 20) 0.06 (– 0.32, 0.44) 0.74
CMC1/STT (range 0– 8) – 0.83 (– 1.12, – 0.53) <0.001

K/L sum score in rays
Ray 1 (STT, CMC1, MCP1, IP1) (range 

0– 16)
– 0.39 (– 0.63, – 0.15) 0.001

Ray 2 (MCP2, PIP2, DIP2) (range 0– 12) – 0.12 (– 0.52, 0.28) 0.56
Ray 3 (MCP3, PIP3, DIP3) (range 0– 12) – 0.29 (– 0.58, 0.01) 0.05
Ray 4 (MCP4, PIP4, DIP4) (range 0– 12) – 0.28 (– 0.58, 0.02) 0.07
Ray 5 (MCP5, PIP5, DIP5) (range 0– 12) 0.03 (– 0.31, 0.38) 0.85

* Linear regression analyses with generalized estimating equations, 
adjusted for age, sex, and body mass index, with separate models for 
each variable. 95% CI = 95% confidence interval; CMC1 = first carpo -
metacarpal; DIP = distal interphalangeal; IP = interphalangeal; K/L = 
Kellgren/Lawrence; MCP = metacarpophalangeal; OA = osteo  arthritis; 
PIP = proximal interphalangeal; STT = scaphotra peziotrapezoidal. 

Table 5. Associations of other biopsychosocial factors with grip 
strength*

Beta (95% CI) P
Age, per 1 year – 0.05 (– 0.19, 0.09) 0.51
Female (male = ref.) – 14.8 (– 18.5, – 11.1) <0.001
Body mass index, per 1 kg/m2 – 0.14 (– 0.35, 0.06) 0.18
Previous hand/wrist injury  

(no injury = ref.)
– 0.17 (– 1.02, 0.69) 0.70

Infrequent physical exercise 
(frequent exercise = ref.)

1.30 (– 0.82, 3.42) 0.23

Comorbidity Questionnaire sum 
score (range 0– 45)

– 0.31 (– 0.51, – 0.10) 0.004

Systolic blood pressure, per 1 mm 
Hg

0.02 (– 0.03, 0.06) 0.51

Diastolic blood pressure, per 1 mm Hg – 0.03 (– 0.13, 0.06) 0.50
Heart rate at rest, per 1 heart beat – 0.11 (– 0.20, – 0.02) 0.02
Hospital Anxiety and Depression 

Scale (range 0– 42)
– 0.14 (– 0.30, 0.02) 0.08

Low education (high education = ref.) – 2.60 (– 4.32, – 0.88) 0.003
Current daily or nondaily smoking 

(no smoking = ref.)
– 1.58 (– 4.16, 1.01) 0.23

High alcohol consumption (AUDIT- C; 
little alcohol = ref.)

0.59 (– 1.21, 2.40) 0.52

* Linear regression analyses with generalized estimating equations, 
adjusted for age, sex, and body mass index, with separate models for 
each variable. 95% CI = 95% confidence interval; AUDIT- C = Alcohol 
Use Disorders Identification Test– Consumption; ref. = reference. 
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Individuals with hand OA tend to have a lower grip strength 
compared with unaffected individuals in the general population. 
In the population- based Framingham study, elderly subjects with 
symptomatic hand OA had a 10% reduced grip strength com-
pared to those without the disease (18). We found a reduction 
in grip strength in individuals with hand OA compared to the 
general population in both hands and in all age groups. In the 
general population, the grip strength in the dominant hand was 
substantially larger than in the nondominant hand, whereas the 
difference between the 2 hands was numerically smaller in indi-
viduals with hand OA. A possible explanation might be that the 
loss of grip strength is larger in the dominant hand despite hand 
OA being equally common in both hands (19). Longitudinal stud-
ies are needed to compare the loss of grip strength in the domi-
nant hand versus the nondominant hand and to explore potential 
explanations for a higher loss in the dominant hand. The differ-
ence between our study population and the general population 
was largest in individuals age <60 years. No difference was found 
in the oldest age category (65– 69 years), which is probably due 
to a high prevalence of hand OA in this age group in the general 
population as well (19).

In other medical areas, grip strength is mainly used as 
a marker of frailty. The clinical phenotype of frailty as defined by 
Fried et al consists of 5 criteria (7). These are weakness (measured 
by grip strength in the dominant hand, adjusted for BMI), uninten-
tional weight- loss, self- reported exhaustion, slow walking speed, 
and low physical activity. Individuals who fulfill 3 or more of the cri-
teria are considered frail. In our study, approximately one- third of 
the participants had reduced grip strength according to the defini-
tion by Fried et al. In the original study of Fried et al, the criterion- 
specific threshold for weakness was set as the lowest 20% when 
adjusted for sex and BMI. In the EPOSA cohort, elderly individuals 
with clinical hand OA had a >2- fold increased risk of frailty when 
adjusted for sociodemographic and health- related variables (20). 
The increased risk may be due to reduced grip strength related 
to the presence of hand OA and/or slow walking speed and low 
physical activity due to accompanying knee pain in individuals 
with generalized OA. In the Nor- Hand study, we do not have all the 
variables that are needed to define frailty. Hence, future longitudi-
nal studies are needed to explore associations between frailty and 
OA. Hypothetically, treating OA pain may be important to avoid 
the development of frailty, and conversely frailty may affect the 
prognosis of OA.

The strengths of the Nor- Hand study are the strict measure-
ment procedure of grip strength and the in- depth assessment of 
hand OA severity, including both pain and structural pathology. 
The most important joint affecting grip strength in patients with 
hand OA was the CMC1. We found a statistically significant asso-
ciation between grip strength and both self- assessed pain and 
radiographic severity in the CMC1 joint. Previous studies have 
shown conflicting results. In line with our results, the association 
between the K/L sum score and grip strength was stronger in the 

CMC1 joints than for the DIP and PIP joints in the Oslo hand OA 
cohort (n = 190) (21). Similar results were found in a study con-
ducted by Dominic et al (n = 700), who found that impaired grip 
strength played a more important role for hand disability among 
individuals with OA in the CMC1 joints than in the MCP and PIP 
joints (5). On the other hand, Spacek et al (n = 116) found similar 
levels of grip strength in patients with predominantly thumb base 
symptoms as in those with predominantly digital symptoms (22).

Dominic et al suggested that the association between CMC1 
OA and grip strength could not be fully explained by concomi-
tant hand pain (5). However, they did not have information about 
pain in the thumb base specifically. In our study, the association 
between radiographic severity in the CMC1 joint and grip strength 
was not fully explained by accompanying pain in the thumb base, 
suggesting that structural pathology in the joint in itself may also 
affect the grip strength. The OMERACT report recommends hand 
strength as part of the core domains for all hand OA studies (1). 
However, current evidence suggests that measurement of grip 
is most useful in studies focusing on OA in the thumb base joint.

According to treatment guidelines, exercises should be con-
sidered in every patient with hand OA (23), because better muscle 
strength may lead to better function and less pain. Our results 
support an association between pain and reduced grip strength, 
but due to the cross- sectional study design we can not draw any 
conclusions about causality.

In the Nor- Hand study, we thoroughly mapped variables of 
other biopsychosocial factors to get an impression of patients’ 
general health, making us able to explore the associations of 
those factors with grip strength. None of the above- mentioned 
studies looking into the associations between hand OA and 
grip strength has explored associations between other biopsy-
chosocial factors and grip strength (5,21,22). A higher comor-
bidity index, increasing resting heart rate (as a potential marker 
of poor physical fitness), and low education were associated 
with lower grip strength. Our results are in line with the EPOSA 
study, in which strong associations with grip strength were found 
for comorbidities, particularly for cognitive impairment, anxiety, 
depression, cardiovascular disease, peripheral artery disease, 
and osteoporosis (9).

In the Nor- Hand study, a borderline statistically significant 
association was found between anxiety/depression and grip 
strength, which is in line with a previous study on patients in pri-
mary care age >60 years (24). The observed association may be 
due to more comorbidities and lower physical fitness in individuals 
with such symptoms. Our results suggest that the patient’s gen-
eral health is important to take into account when evaluating the 
grip strength in individuals with hand OA.

There are a few limitations to our study. There may be a limited 
generalizability because most patients with OA are managed in pri-
mary care, while this study had a hospital- based design with patients 
from secondary care. Joint mobility was not assessed, and may con-
tribute to loss of grip strength in individuals with hand OA.



HAUGEN ET AL 800       |

In conclusion, our study found that pathology in the thumb 
base joint is the most important factor to influence grip strength in 
individuals with hand OA, and clinical trials focusing on the thumb 
base joints should include grip strength as an outcome meas-
ure. However, other factors than joint- related pathology, such as 
female sex, physical fitness (i.e., a high resting heart rate), comor-
bidities, and socioeconomic factors (i.e., low education), might 
also affect grip strength, and the patient’s general health is there-
fore important to consider when evaluating the grip strength in 
individuals with hand OA.
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Development and Underlying Structure of a  
Second-­Generation­Appropriateness­Classification­ 
System for Total Knee Arthroplasty
Antonio Escobar Martinez,†  Robert A. Perera, and Daniel L. Riddle

Objective. Evidence supports the validity of total knee arthroplasty (TKA) appropriateness classification based 
on the RAND Corporation and University of California Los Angeles system.The system, however, is ~2 decades old, 
and the science and clinical application of TKA has changed dramatically. We undertook this study to describe the 
methods used to develop a second- generation system and to examine the structure of the system to determine the 
extent to which each of the indication criteria informed appropriateness.

Methods. Multivariable multinomial regression analyses determined the extent to which each of the 8 individually 
analyzed indication criteria informed appropriateness judgments. Classification tree analysis illustrates how the 
indication criteria, in combination, led to judgments of appropriate, inappropriate, or uncertain.

Results. An expert panel selected 8 indication criteria (i.e., age, knee pain, function, radiographic osteoarthritis 
severity, osteoarthritis location, psychological factors, pain catastrophizing, and comorbidities). A total of 1,008 
clinical scenarios were written, based on the criteria. Regression analyses indicated that age, knee pain, function, 
and radiographic severity dominated prediction of appropriateness, while the other criteria played a smaller role. 
Classification tree analysis confirmed the regression findings.

Conclusion. Our second- generation classification system, which incorporates contemporary indicators of TKA 
prognosis and risk, demonstrated preliminary evidence for utility in clinical practice.

INTRODUCTION

The RAND Corporation and University of California Los 
 Angeles (RAND/UCLA) system for classifying the extent of appro-
priate use of surgical procedures (1) has been applied to many sur-
gical procedures, including total knee arthroplasty (TKA), for more 
than 3 decades (2). The basic premise that drives the need for 
RAND/UCLA appropriateness criteria is that randomized clinical 
trials comparing surgical to nonsurgical treatments (or placebo 
surgery) for many surgical interventions are lacking or are not fea-
sible. While this has recently begun to change for some surgical 
interventions (3,4), other surgical treatments lack multiple large- 
scale trials to inform practice decisions, and TKA is one example. 
We found 1 randomized trial of 100 participants comparing TKA 
to a nonsurgical approach (5). The RAND/UCLA appropriateness 

criteria also have the potential to improve general clinical practice 
and practice guidelines for knee OA.

One of the earliest applications of the RAND/UCLA system to 
TKA appropriateness classification was by Escobar and colleagues 
as shown in the study by Katz (6). Despite evidence suggesting 
that the Escobar system has predictive utility using contemporary 
data (7,8), concerns about limited shelf life have been expressed 
by our team (9) and others (10). The system developed by Esco-
bar and colleagues was based on an evidence synthesis that is 
~2 decades old and, given dramatic growth in TKA technologies, 
evidence, and indications (11), an updated RAND/UCLA system is 
needed. The shortcomings of a recently developed RAND/UCLA– 
based system for TKA (12), and the continued high utilization of 
TKA (13) in the face of a 20% rate of persistent knee pain following 
surgery (14), amplify the need for an alternative.

The content herein is solely the responsibility of the authors and does 
not necessarily represent the official views of the Department of Health of 
the Basque Country.

Supported by the Fondo de Investigación Sanitaria (grant PI15/01105), 
the Department of Health of the Basque Country (grant 2015111137), the 
Research Commission of the Bilbao- Basurto Integrated Health Organization, 
and the European Regional Development Fund.

Robert A. Perera, PhD, Daniel L. Riddle, PT, PhD, FAPTA: Virginia 
Commonwealth University, Richmond.

†Dr. Escobar Martinez is deceased.
No potential conflicts of interest relevant to this article were 

reported.
Address correspondence to Daniel L. Riddle, PT, PhD, FAPTA, 

Departments of Physical Therapy, Orthopaedic Surgery and Rheumatology, 
Virginia Commonwealth University Richmond, VA 23298- 0224.  Email: 
dlriddle@vcu.edu.

Submitted for publication October 18, 2019; accepted in revised form 
February 11, 2020.

https://orcid.org/0000-0001-6566-3006
mailto:﻿
https://orcid.org/0000-0002-3611-2739
mailto:dlriddle@vcu.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24169&domain=pdf&date_stamp=2021-06-03


ESCOBAR MARTINEZ ET AL 802       |

The RAND/UCLA system for determining appropriateness 
of medical procedures requires a resource- intensive process 
with multiple steps. First, an appointed panel of content experts 
(i.e., panel 1) conducts an exhaustive literature review for purposes 
of identifying and defining key patient- related variables (i.e., indi-
cation criteria) that drive appropriateness for the intervention of 
interest. Next, the panel writes a comprehensive set of patient sce-
narios capturing all permutations of key patient- related variables. 
A second independent panel of experts (i.e., panel 2) then rates 
the appropriateness of each scenario during a series of Delphi- like 
sessions. A 1– 9 appropriateness rating scale is used by panel 2 for 
each scenario with a median score of 1– 3 indicating an inappropri-
ate scenario, a median rating of 4– 6 indicating an uncertain sce-
nario, and a 7– 9 median rating indicating an appropriate scenario.

In 2016, our team began a revision to the RAND/UCLA TKA 
appropriateness classification system first published by members 
of our team in 2003 (15). The purposes of the present study are 
to describe the methods used to develop the revised version of 
our TKA appropriateness classification system, and to quantita-
tively examine the structure of the new system. We hypothesized 
that in addition to traditional variables of pain, function, age, and 
knee osteoarthritis (OA) severity, prognostic variables that are not 
traditionally included in appropriateness systems (15,16) (includ-
ing psychological health, pain catastrophizing, and comorbidity) 
would associate with appropriateness classification.

MATERIALS AND METHODS

We followed recommendations originally developed by Brook 
et al (17) and fully described in the RAND/UCLA user’s manual 
(1) to develop the second- generation appropriateness criteria for 
TKA. Our second- generation system addresses poor outcome 
risk more directly than the first- generation system (15) and was 
built independently of the first- generation system.

Assumptions for the expert panels. Prior to the initiating 
of the RAND/UCLA process, the expert panels were instructed 
to assume the following: 1) only unilateral primary TKA for OA 
for unilateral symptoms would be considered, 2) if hip OA was 

also present, it would be appropriately managed, 3) prior sur-
gical treatment and prior and current medications for knee OA 
were appropriately managed, 4) active infection, quadriceps ten-
don rupture, or severe peripheral vascular disease had effectively 
been ruled out, 5) expectations regarding outcome following TKA 
was appropriately addressed, 6) social support (e.g., caregiver or 
spouse/ partner) for the TKA recipient would be available, and 7) 
body mass index was <40 kg/m2.

Expert panel 1. Expert panel 1 included 6 orthopedic sur-
geons, 1 psychologist, 1 statistician, 1 social worker, and 1 epi-
demiologist. This panel was identified by 1 author (AE- M) and his 
research team in Spain. The first step was to conduct a compre-
hensive review of the scientific literature to synthesize available evi-
dence about the use, efficacy, opinions, outcomes, and risks of 
TKA. The panel synthesized the available scientific evidence about 
TKA from January 1, 2000 to February 1, 2016 in EMBASE (OVID) 
and Medline (PubMed) databases (for search strategy, see Sup-
plementary Appendix A, available on the Arthritis Care & Research 
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24169/
abstract). The purpose of the literature review was to provide mem-
bers of expert panel 1 with an up- to- date source of scientific con-
tent to identify key indication criteria that would serve as the basis 
for writing the scenarios.

There were a total of 8 indication criteria identified by expert 
panel 1 based on the literature review (see Table 1). The criteria 
were chosen based on the literature review and the experience 
of the expert panel 1 clinicians involved in the treatment of these 
patients. The final decision on criteria inclusion and exclusion was 
unanimous. Of these criteria, 5 had dichotomous responses, 2 
had trichotomous responses, and 1 had 4 responses. There was 
discussion about other factors such as body mass index, social 
support, impact on sleep, mental preparation, or patient expec-
tations; however, the expert panel 1 did not find these variables 
to be as prognostically important as the 8 selected criteria. The 
definitions for the response cut points for the 8 indication criteria 
were developed by expert panel 1 prior to writing the scenarios. 
Cut point thresholds were based on the literature review. 

For the pain and functional limitation criteria, the Spanish- 
validated Western Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC) pain and function subscales (18), respectively, 
were chosen by expert panel 1. The WOMAC scales each ranged 
from 0 to 100, with higher scores equating to worse pain or 
function. Each had 3 categories (i.e., slight [scores <35], mod-
erate [scores 35– 50 for pain and 35– 54 for function], and severe 
[scores >50 for pain and >54 for function]). For psychological fac-
tors, the panel chose to use the recommended cut point of 10 
to differentiate between those patients with clinical anxiety and 
depression versus those without, as measured by the Spanish- 
validated version (19) of the Hospital Anxiety and Depression 
Scale (20). For pain catastrophizing, the panel chose a cut point 
of 30 to dichotomize low versus high catastrophizing based 

SIGNIFICANCE & INNOVATIONS
• This second- generation RAND– based knee arthro-

plasty appropriateness classification system is the 
first to incorporate contemporary indicators of 
both prognosis and risk.

• Preliminary evidence suggested strong potential
for clinical application if prospective application on 
a large sample of patients undergoing knee arthro-
plasty demonstrates prediction of outcome.

• The proposed system improves upon previously
 reported systems based on the RAND system of 
classification.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24169/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24169/abstract
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on the Spanish- validated Pain Catastrophizing Scale (21– 23).  
For comorbidity, the panel chose a cut point of 0 to differentiate 
between persons with ≥1 comorbidity and those without (Table 1). 
For the radiology criterion, a Kellgren/Lawrence (K/L) grade cut 
point of 2 was used. Knee OA localization was dichotomized to 
either unicompartmental or multicompartmental disease.

Expert panel 1 used the 8 criteria to write a series of brief clin-
ical vignettes that incorporated the 8 criteria. The scenarios had to 
be mutually exclusive and exhaustive as well as clinically feasible 
for persons considering TKA. The intention was to cover virtually all 
clinical patterns of knee problems for which TKA might be consid-
ered. Combining these variables in a factorial design would result 
in n = 1,152 scenarios (25 × 32 × 41). The expert panel concluded 

that for scenarios with patients age >85 years, the knee OA loca-
tion (i.e., number of compartments affected) did not influence clas-
sification, and therefore 1,008  scenarios were written.

Expert panel 2. A national panel of clinical experts from 
Spain was selected. The research team asked the Spanish Knee 
Society to nominate nationally recognized specialists in TKA care. 
After the initial contact, 12 specialists, 10 orthopedic surgeons, 
and 2 rheumatologists agreed to participate. Panelists were pro-
vided with the literature review, the list of indication criteria, and 
the 1,008 scenarios. Each member of expert panel 2 was asked 
to rate each scenario for the appropriateness of TKA, taking into 
consideration the average patient and average physician in 2016.

Appropriate was defined as when the expected health ben-
efit of TKA exceeded the expected negative consequences by 
a sufficiently wide margin to make TKA worth performing. Inap-
propriate was defined as the risk of negative consequences out-
weighing expected benefits, and uncertain was defined either as 
the situation in which benefit and risk could not be estimated or 
where benefits and risks were about equally balanced (17). The 
indication criteria and scenarios were reviewed and approved by 
expert panel 2 prior to scenario rating.

Scenario ratings by expert panel 2. Ratings took place 
during 2 rounds using a modified Delphi method (1). The first 
round was performed at the individual level, and the second round 
during a one- day in- person panel meeting in which each panelist 
received the results of his/her own scores for each scenario and 
the anonymized ratings made by the other members. After dis-
cussion of scenarios with disagreement during round 1 (n = 27), 
and briefly, all other scenarios as well as a review of the scenario 
scoring method, the panelists were able to revise their ratings. 
The aim was not to reach consensus but to identify the level of 
agreement among the participants after discussion.

Ratings were scored on a 9- point scale. The medians for 
each scenario could lie within the ranges of 1– 3 for a rating of 
inappropriate, 4– 6 for a rating of uncertain, and 7– 9 for appropri-
ate. Use of TKA was considered appropriate if the panel’s median 
rating was between 7 and 9 without disagreement (defined 
below), uncertain if the panel’s median rating was between 4– 6 
without disagreement. A scenario also was scored as uncertain 
for any median score in which there was disagreement (defined 
below). A rating of inappropriate was given if the median rating 
was between 1 and 3 without disagreement. Agreement was 
established when one- third or less of the panelists’ scores (i.e., 
≤4) occurred in any 3- point range outside the median categorical 
appropriateness rating. Disagreement occurred when ≥4 ratings 
for a scenario fell at the extremes of the scale (i.e., 4 ratings of 
1, 2, or 3, and 4 ratings of 7, 8, or 9). Scenarios were rated as 
indeterminate when criteria for either agreement or disagreement 
were not met. Please see Fitch et al for a more detailed descrip-
tion of appropriateness rating for scenarios (1).

Table 1. Indication criteria measures and appropriateness 
ratings  of 1,008 vignettes  for the revised total knee arthroplasty 
appropriateness rating system*

Indication criteria  
measurement scale

Scenario 
sample size

Age group, years
<55 288 (28.6)
55– 65 288 (28.6)
>66– 85 288 (28.6)
>85 144 (14.3)

Radiology (K/L grade)
≤2 504 (50.0)
≥3 504 (50.0)

Knee OA localization
Unicompartmental† 504 (50.0)
Multiple compartment† 504 (50.0)

WOMAC pain‡
Slight (<35) 336 (33.3)
Moderate (35– 50) 336 (33.3)
Severe (>50) 336 (33.3)

WOMAC function‡
Slight (<35) 336 (33.3)
Moderate (35– 54) 336 (33.3)
Severe (>54) 336 (33.3)

Psychological factors (HADS anxiety 
or depression)

≤10 in anxiety and depression 504 (50.0)
>10 in anxiety or depression 504 (50.0)

Pain catastrophizing
≤30 504 (50.0)
>30 504 (50.0)

Comorbidities
No 504 (50.0)
≥1§ 504 (50.0)

Appropriateness rating
Inappropriate 671 (66.6)
Uncertain 256 (25.4)
Appropriate 81 (8.0)

* Values are the number (%). HADS = Hospital Anxiety and Depression 
Scale; K/L = Kellgren/Lawrence; OA = osteoarthritis; WOMAC = Western 
Ontario and McMaster Universities Osteoarthritis Index. 
† For vignettes with age >85 years (n = 144), the expert panel indicated 
that unicompartmental or multicompartmental  disease would be 
treated in the same way. 
‡ Scores range from 0 (best) to 100 (worst). 
§ Relevant comorbidities included osteoporosis,  asthma,  chronic 
obstructive pulmonary disease,  heart  failure, Parkinson’s disease, 
multiple sclerosis, stroke, and chronic back pain. 
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Data analysis. To determine the relative strength of associa-
tion for indication criteria with appropriateness ratings, multivariable 
ordinal logistic regression was used. All indication variables were 
included in the model, with estimates of the coefficients and their 
corresponding odds ratios being reported. To confirm findings of 
the ordinal logistic model, an ordinary least squares (OLS) regres-
sion was conducted using the median expert rating. Given that 
the results of the expert panel classifications represent the entire 
population of scenarios, all estimates reported are the population 
values. Therefore, no SEs, confidence intervals, or P values are 
required. Due to the age category of >85 years not being crossed 
with the number of knee OA compartments, a sensitivity analysis 
was completed for each model excluding scenarios where the age 
was >85 years. In every model, the independent variables were 
treated as categorical. This accounts for potential nonlinear rela-
tionships and allows for direct comparison of estimates between 
variables. All models were fit using SAS software, version 9.4.

To determine the best combination of indication criteria for 
predicting each of the appropriateness ratings, we also used a 
decision tree approach (i.e., Exhaustive Chi- Squared Automatic 
Interaction Detection [Exhaustive CHAID]). This approach allows for 

polytomous predictor variables (e.g., age, WOMAC scores) unlike 
classification and regression trees, which require dichotomous pre-
dictor variables. Exhaustive CHAID is a nonparametric approach 
that iteratively tests each of the 8 predictor variables to find the 
variable that most strongly associates with appropriateness clas-
sification. Once the most predictive variable (i.e., variable with the 
highest chi- square result) is found, all possible splits for this branch 
of the tree are examined, and the next most predictive variable is 
identified. Only variables that improve prediction relative to the more 
proximal branch are included. Variable inclusion in the tree is based 
on Bonferroni corrected chi- square estimates with P < 0.05. The 
goal with decision trees is to create pure terminal nodes (i.e., child 
nodes) for each branch of the tree in a parsimonious way. Branches 
of a tree that lead to additional branches are termed parent nodes.

The approach is iterative to the extent that the goal is to build 
a tree that both enhances the ability to correctly predict appropri-
ateness classification and that is parsimonious. We studied the 
entire population of scenarios, which eliminated the need for cross 
validation. Because of the small number of scenarios classified as 
appropriate (n = 81), we set the tree depth at 5 levels, with each 
parent node set to a minimum of 25 scenarios and each child 
node at a minimum of 15 scenarios. We were purposely liberal in 
setting the child node limit to create the best chance of building 
pure nodes without creating nodes with a very small number of 

Table 2. Ordinal logistic regression model with complete 
sample with inappropriate as the reference group*

Prognostic variable Estimate Odds ratio
Intercept

Uncertain – 24.48
Appropriate – 34.45

Age group, years
<55 Ref. 95.80
55– 65 4.56 >999.99
66– 85 9.21 >999.99
>85 6.97

WOMAC pain
Slight Ref.
Moderate 8.10 >999.99
Severe 16.88 >999.99

WOMAC function
Slight Ref.
Moderate 5.22 185.18
Severe 10.76 >999.99

K/L grade
≤2 Ref.
3 or 4 6.79 884.68

Compartment
Unicompartment OA Ref.
Multicompartment OA 4.32 75.26

Comorbidities
None Ref.
≥1 – 3.05 0.05

Anxiety and/or depression
No Ref.
Yes – 1.84 0.16

Pain catastrophizing scale
≤30 Ref.
>30 – 2.97 0.05

* K/L = Kellgren/Lawrence; OA = osteoarthritis; Ref. = reference;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis 
Index. 

Table 3. Ordinary least squares regression using expert panel 
median scores as the dependent variable*

Prognostic variable, ratings Estimate
Intercept – 24.87
Age group, years

<55 Ref.
55– 65 0.78
66– 85 1.56
>85 1.04

WOMAC pain
Slight Ref.
Moderate 1.18
Severe 3.12

WOMAC function
Slight Ref.
Moderate 0.76
Severe 2.01

K/L grade
2 or less Ref.
3 or 4 1.26

Compartment
Unicompartment OA Ref.
Multicompartment OA 0.74

Comorbidities
None Ref.
≥1 – 0.52

Anxiety and/or depression
No Ref.
Yes – 0.23

Pain catastrophizing scale
≤30 Ref.
>30 – 0.42

* See Table 2 for definitions. 
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scenarios (i.e., n < 15). We used IBM SPSS, version 25, for all 
decision tree analyses.

RESULTS

A total of 1,008 scenarios were classified as appropriate, 
uncertain, or inappropriate by expert panel 2. A total of 81 scenar-
ios (8%) were rated as appropriate, 256 (25.4%) as uncertain, and 
671 (66.6%) as inappropriate for TKA. There were no scenario 
scores with disagreement or with indeterminate agreement. Sce-
nario median scores were used in the analyses.

Associations between indication criteria and 
 appropriateness ratings. Multivariable ordinal logistic regres-
sion coefficients demonstrated a similar pattern when comparing 
appropriate to inappropriate ratings and uncertain to inappropriate 

ratings (Table 2). The odds ratios indicated that older age, mod-
erate and severe WOMAC pain, severe WOMAC function, and 
grade 3 or 4 K/L grade were positively associated with appropri-
ate and uncertain ratings as compared to inappropriate ratings, 
with odds ratios all exceeding 880. The number of knee com-
partments affected had relatively less impact on classification. 
In contrast, odds ratios for comorbidities, psychological factors, 
and pain catastrophizing were negatively associated with rat-
ings of appropriate and uncertain. However, the magnitude of 
these odds ratios indicates a smaller relative impact on classi-
fication as compared to age, WOMAC scores, and K/L grade. 
A sensitivity analysis with the age >85 years scenarios removed 
essentially replicated findings for the full sample of scenarios (see 
Supplementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24169/ 
abstract). Furthermore, the OLS regression model using median 

Figure 1. Results for the left side of the classification tree analysis for trichotomous judgments of appropriate, inappropriate, or uncertain. 
The branches of the tree are labeled based on the key variables forming the tree branches, which are, in order, Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) pain, WOMAC function, Kellgren/ Lawrence (K/L) grade, age, knee osteoarthritis (OA) compartment, 
pain catastrophizing, and comorbidity. The terminal nodes of each branch (e.g., nodes 3, 8, 14) indicate the final distributions of expert panel 
ratings of appropriate, inappropriate, and uncertain. Scenario sample sizes are reported in each box. The ratings with the largest sample size 
in the terminal nodes (shaded) reflect the predicted category for each terminal node. Adj p = adjusted P value; Approp = appropriate; Chi sq =  
chi- square; Unc = uncertain; Inapp = inappropriate; Uni OA = unicompartmental knee OA; Multicomp OA = multicompartmental knee OA.

Node 0
Approp  n = 81
Unc       n = 256
Inapp     n = 671

Node 1
Approp   n = 0
Unc   n = 14

Inapp    n = 322

Node 2
Approp   n = 8
Unc   n = 81

Inapp    n = 247

Node 3
Approp   n = 0

Unc   n = 0
Inapp    n = 224

Node 4
Approp   n = 0
Unc   n = 14

Inapp    n = 98

Node 5
Approp   n = 0

Unc   n = 2 
Inapp    n =110

Node 6
Approp   n = 0
Unc   n = 24

Inapp    n = 88

Node 7
Approp   n = 8
Unc   n = 55

Inapp    n = 49

Node 13
Approp   n = 8
Unc   n = 39
Inapp    n = 9

Node 8
Approp   n = 0

Unc   n = 0
Inapp    n = 56

Node 9
Approp   n = 0
Unc   n = 14

Inapp    n = 42

Node 10
Approp   n = 0

Unc   n = 2
Inapp    n = 54

Node 11
Approp   n = 0
Unc   n = 22

Inapp    n = 34

WOMAC Pain Score
Adj p <0.001, Chi Sq = 357.5

<35 (slight) 35-50 (moderate)

<35 , 35-54 >54 (severe)
<25 (slight)

>54 (severe)

35-54 (moderate)

KL Grade
Adj p<0.001, Chi sq=18

WOMAC Func�on
Adj p <0.001, Chi Sq=29.2

WOMAC Func�on
Adj p <0.001, Chi Sq=91.7

Node 16
Approp   n = 0

Unc   n = 0
Inapp    n = 16

Node 17
Approp   n = 0

Unc   n = 8
Inapp    n = 16

Node 18
Approp   n = 0
Unc   n = 14
Inapp    n = 2

Node 12
Approp   n = 0
Unc   n = 18

Inapp    n = 40
KL Grade

Adj p<0.001, Chi sq=21.2

Node 14
Approp   n = 0

Unc   n = 1
Inapp    n = 31

Node 15
Approp   n = 0
Unc   n = 13

Inapp    n = 11

Uni or Mul�comp OA
Adj p<0.001, Chi sq=19.1

Uni OA Mul�comp OA

2 or less 3 or 4 3 or 42 or less

Vigne�e age
Adj p<0.001, Chi sq=26.3

< 55 yrs 55-65yrs, >85 yrs 66-85 yrs

KL Grade, Adj p<0.001, Chi sq=21.2

2 or less 3 or 4

Node 19
Approp   n = 0

Unc   n = 4
Inapp    n = 36

Node 20
Approp   n = 0
Unc   n = 12
Inapp    n = 4

Node 21
Approp   n = 1

Unc   n = 8
Inapp    n = 7

Node 22
Approp   n = 7
Unc   n = 31
Inapp    n = 2

Node 23
Approp   n = 0

Unc   n = 4
Inapp    n = 16

Node 24
Approp   n = 0

Unc   n = 0
Inapp    n = 20

Comorbidity
Adj p = 0.03, Chi sq = 4.4

No comorbidity At least 1

Vigne�e age
Adj p<0.001, Chi sq=23.7

<55 yrs, 55-65yrs, >85 66-85 yrs

<55 yrs

>=55 yrs

Vigne�e age
Adj p<0.001, Chi sq=23.7

http://onlinelibrary.wiley.com/doi/10.1002/acr.24169/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24169/abstract
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panel ratings demonstrated comparable findings to the ordi-
nal logistic models (Table 3) with similar patterns of associations 
between the indication criteria and classification. The correspond-
ing sensitivity analysis with the age >85 years scenarios removed 
confirmed these findings (see Supplementary Table 2, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24169/ abstract).

Decision tree findings. The decision tree for trichotomized 
ratings of appropriate, uncertain, and inappropriate appear in 
 Figures 1– 3. Because the tree was large, the figures illustrate the 
left side (i.e., Figure 1), center (i.e., Figure 2), and right side (i.e., 
Figure 3) of the entire tree. The indication criteria variables, in order 
of importance, were WOMAC pain, WOMAC function, K/L grade, 
and age, followed by several other indication criteria. These find-
ings generally echo the findings from the regression analyses. The 
overall accuracy of the decision tree was 86.7%, with 90.6% of 
inappropriate scenarios, 86.3% of uncertain scenarios, and 55.6% 
of appropriate scenarios correctly classified. The extent of agree-
ment with the predicted as compared to actual classification was 

weighted κ = 0.77 (95% confidence interval 0.74– 0.81). As can 
be seen in Figure 1, some terminal nodes are pure, suggesting 
perfect prediction of the tree, while other nodes are mixed. For 
example, node 3 is a pure node with all 224 scenarios classified as 
inappropriate when WOMAC pain is <35 and WOMAC function is 
≤54. Node 15 is a mixed terminal node with 11 inappropriate and 
13 uncertain scenarios.

DISCUSSION

Previously published methods for determining TKA appro-
priateness either do not include variables that increase poor 
outcome risk (12,15,24) or have not been evaluated prospec -
tively to determine if classification influenced the outcome 
(12,25). Our second- generation RAND/UCLA- based system 
was designed to address these former limitations by incor-
porating contemporary measures of poor TKA outcome risk,  
such as the presence of clinical depression (26), high pain 
catastrophizing (27), and comorbidity (28). The original ap -
pro  priateness system (15) and the current system are 

Figure 2. Results for the center of the classification tree analysis for trichotomous judgments of appropriate, inappropriate, or uncertain. The 
branches of the tree are labeled based on the key variables forming the tree branches, which are, in order, Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) pain, WOMAC function, Kellgren/Lawrence (K/L) grade, age, knee osteoarthritis (OA) compartment, 
pain catastrophizing, and comorbidity. The terminal nodes of each branch (e.g., nodes 3, 8, 10) indicate the final distributions of expert panel 
ratings of appropriate, inappropriate, and uncertain. Scenario sample sizes are reported in each box. The ratings with the largest sample size in 
the terminal nodes (shaded) reflect the predicted category for each terminal node. See Figure 1 for definitions.
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compared in Supplementary Table 3, available on the Arthritis  
Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24169/ abstract.

The development of our system closely followed recom-
mendations described in the RAND/UCLA user’s manual. We 
recruited 2 independent sets of experts who were skilled in 
the diagnosis and treatment of persons potentially eligible for 
TKA. Our set of 1,008 scenarios was comprehensive, but most 
were found by expert panel 2 to be classified as inappropriate 
(n = 671 [66.6%]), while only 81 (8%) were deemed appro-
priate for TKA. Of the 624 scenarios in our previous RAND/
UCLA study of TKA appropriateness (15), 167 (26.8%) were 
rated as appropriate, 304 (48.7%) were rated as inappropriate, 
and the remaining 153 (24.5%) were rated as uncertain. Addi-
tionally, a larger number of scenarios in the 2003 study, relative 
to the current study, were eliminated because they were con-
sidered to be clinically implausible. We suspect that the greater 
percentage of scenarios rated as inappropriate in the current 
analy sis relative to the 2003 study was also due to the inclu-
sion of additional criteria associated with poor outcome (i.e., 
psychological factors, pain catastrophizing, and comorbidity). 
A total of 882 scenarios in our study had ≥1 of these criteria 
scored as positive, and 504 had ≥2 of these criteria scored as 
positive. For scenarios with 2 positive criteria associated with a 

poor outcome, 4.6% of these scenarios were rated as appro-
priate. In 126 scenarios, all 3 poor outcome criteria were pos-
itive, and 2.4% of these scenarios were rated as appropriate.

The incorporation of criteria that were associated with poor 
outcome likely led to a lower percentage of scenarios rated as 
appropriate relative to prior work that did not incorporate these 
criteria. These data suggest that when clinical experts are pro-
vided with data that inform both the benefits and risks of TKA 
surgery, appropriateness ratings are likely to be influenced, par-
ticularly when multiple poor outcome risk criteria are included in 
the scenarios. These data also suggest that contemporary appro-
priateness criteria may actually have stronger utility for identifying 
cases classified as inappropriate. Given that 20% of patients have 
a poor outcome following TKA (14,29), we suggest that appropri-
ateness criteria should be particularly suited toward identification 
of patients inappropriate for TKA and at risk for poor outcome.

The most important predictors of appropriateness ratings in 
the primary analyses were advanced age, more severe pain and 
functional limitation, and more severe knee OA. These findings 
were replicated in the sensitivity analyses. Clinical experts con-
tinue to place the greatest emphasis on these traditionally impor-
tant indicators of knee arthroplasty appropriateness, much like the 
findings in the 2003 study by Escobar et al (15) and in more con-
temporary appropriateness studies (12,25). Newer additions to 

Figure 3. Results for the right side of the classification tree analysis for trichotomous judgments of appropriate, inappropriate, or uncertain. 
The branches of the tree are labeled based on the key variables forming the tree branches, which are, in order, Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) pain, WOMAC function, Kellgren/Lawrence (K/L) grade, age, knee osteoarthritis (OA) compartment, 
pain catastrophizing, and comorbidity. The terminal nodes of each branch (e.g., nodes 3, 4, 5) indicate the final distributions of expert panel 
ratings of appropriate, inappropriate, and uncertain. Scenario sample sizes are reported in each box. The ratings with the largest sample size in 
the terminal nodes (shaded) reflect the predicted category for each terminal node. See Figure 1 for definitions.
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the criteria, including comorbidity, psychological factors, and pain 
catastrophizing also contributed but in a minor way. These varia-
bles, when positive, were associated with classifications of inap-
propriate in the regression analyses but were much less important 
in driving classification as compared to the more traditional vari-
ables. In the decision tree analyses, comorbidity and pain cata-
strophizing entered the tree but only in the final branching, while 
psychological factor criterion did not contribute to the trees.

It is likely that the decision trees generated in these analy-
ses oversimplified the relationships among the criteria, and this 
was likely driven by the relatively small number of criteria clas-
sified as appropriate. When considering the classification tree in 
total, only 55.6% of scenarios rated as appropriate were correctly 
predicted, while 90.6% of inappropriate scenarios were correctly 
predicted in the decision tree. Of the 81 scenarios classified by 
the expert panel as appropriate, the tree correctly predicted 45 of 
these cases, while the other 36 were classified as uncertain by the 
tree method. These data suggest that the decision tree shown in 
Figures 1– 3 may not be useful for application to clinical practice. 
External validation, ideally on multiple clinical samples, is a neces-
sary step prior to clinical application.

In a previous study (9), we argued for updating appropriate-
ness systems and for external validation prior to clinical application 
of any system proposed for judging appropriateness. For imple-
mentation, we proposed that any appropriateness system could 
inform the surgeon and patient regarding risk and benefit, but in 
the end there may be strong justification for deviating from the 
appropriateness system finding (9). For example, a patient may be 
found to be inappropriate for TKA using an appropriateness sys-
tem, but the patient may provide compelling reasons for the sur-
gery. For example, the patient may argue that they can no longer 
work and provide family financial support because of limitations in 
knee function. After a thorough discussion of benefits and risks 
with the surgeon, both may endorse the need for surgery.

Future testing of our second- generation appropriateness 
system on patient samples could be done using a less parsimo-
nious but more accurate approach than the tree (Figures 1– 3). 
By expanding the major branches of the trees (Figures 1– 3) and 
setting the tree depth to 6 levels, with each parent node set to 
a minimum of 10 scenarios and each child node to a minimum 
of 5 scenarios, we generated new trees. The overall accuracy 
of this approach is 90.3% in contrast to the larger tree with 
an overall accuracy of 86.7%. More importantly, the exploding 
tree approach led to no child nodes with both appropriate and 
inappropriate scenarios. The expanded trees for each major 
branch along with classification accuracy tables are illustrated 
in Supplementary Figures 1– 6, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24169/ abstract.

Our study has some notable limitations. First and most 
importantly, we only examined the ratings by clinical experts 
using case scenarios. From these data alone, it is unclear how 

the findings generalize to patients considering TKA and whether 
outcome is influenced by classification. Second, our decision tree 
analysis was limited by the relatively small number of cases rated 
as appropriate for TKA. The false classification rate for these 
cases in the decision tree using trichotomous ratings was high, 
at 44.4%. Third, expert panel 2 had mostly orthopedic surgeons 
(i.e., 10 of 12 panelists), and single specialty panels are not rec-
ommended because it is believed that they increase risk of biased 
ratings (1). Finally, this system was developed in Spain, and the 
extent to which the data might generalize to clinicians from other 
countries with different health care systems is unknown.

In conclusion, we used the well- established RAND/UCLA 
system to develop an appropriateness classification system that, 
in theory, overcomes limitations of prior systems. Specifically, our 
system included evidence- based indicators of poor outcome 
risk along with more traditional indicators of TKA candidacy. 
Using 1,008 clinical scenarios and 8 indication criteria, we found 
that more traditional indicators of knee pain, functional limitation, 
OA severity, and age played major roles in determining appropri-
ateness. Comorbidity, depression, anxiety, and pain catastrophiz-
ing, while contributing to classification, played minor roles relative 
to more traditional indicators.
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Racial Differences in Pain and Function Following Knee 
Arthroplasty: A Secondary Analysis From a Multicenter 
Randomized Clinical Trial
Daniel L. Riddle,1  James Slover,2 Francis J. Keefe,3 Dennis C. Ang,4 Levent Dumenci,5 and Robert A. Perera1

Objective. The assessment of racial differences in pain and function outcome following knee arthroplasty (KA) has 
received little attention despite very substantial literature exploring a variety of other prognostic factors. The present 
study was undertaken to determine whether race was associated with KA outcome after accounting for potential 
confounding factors.

Methods. We conducted a secondary analysis of a randomized clinical trial of 384 participants with moderate- 
to- high pain catastrophizing who underwent KA. Preoperative measures included race/ethnicity status as well as a 
variety of potential confounders, including socioeconomic status, comorbidity, and bodily pain. Outcome measures 
were Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain and function scales as well as 
performance measures. Linear mixed- effects models compared outcomes over a 1- year follow- up period for African 
American versus non– African American participants.

Results. WOMAC pain scores differences for African American versus non– African American participants averaged 
~2 points in unadjusted analyses and 1– 1.5 points in adjusted analyses. In adjusted analyses, follow- up WOMAC 
function scores differed by 6 points for African Americans compared to non– African Americans (P = 0.002).

Conclusion. African Americans generally had worse pain, function, and performance prior to KA and worse scores 
after surgery, but differences were small and attenuated by ~25– 50% after adjustment for potential confounding. 
Only WOMAC function scores showed clinically important postsurgical differences in adjusted analyses. Clinicians 
should be aware that after adjustment for potential confounders, African Americans have approximately equivalent 
outcomes compared to others, with the exception of WOMAC function score.

INTRODUCTION

Racial differences in a variety of preoperative and postopera-
tive characteristics have been found for patients undergoing knee 
arthroplasty (KA) (1,2). A recently published systematic review 
suggested that African Americans have worse preoperative and 
postoperative pain and function with KA as compared to White 
patients (3). While the investigators found that pain was generally 
worse preoperatively and postoperatively for African Americans as 
compared to White patients, adjustment for key covariates such 
as socioeconomic and psychological status was generally not 
considered. Despite a comprehensive literature search of multiple 

databases from the years January 2000 to April 2015, only 7 of 
346 longitudinal cohort studies assessed for racial differences in 
outcome (3). Goodman et al (3) concluded that race and socio-
economic and psychological status are not generally taken into 
account in studies of KA outcomes and that this is an important 
gap in the literature on racial disparities.

We found 2 studies published after the systematic review by 
Goodman et al (3) that examined outcome differences between 
African Americans and non– African Americans. Lavernia and Villa, 
in a retrospective study of 1,905 White and 105 African American 
patients, found that group difference in pain and function outcomes 
was statistically different but clinically insignificant 1 year postsurgery 
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(4). However, substantial loss to follow- up (e.g., 67 of 105 [63%] of 
African Americans) likely led to biased estimates of group differences. 
Goodman et al examined Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) outcomes 2 years after KA and 
found in a multivariable analysis that race, education, presurgical 
expectations, and baseline WOMAC pain, as well as census tract- 
based poverty level status, were associated with 2- year WOMAC 
pain scores (5). These data suggest that greater community- based 
poverty status is associated with worse outcome, but the investiga-
tors did not collect annual income or psychological variables, and 
43% (i.e., 83 of 194) of African Americans in the sample were lost 
to follow- up. This newer evidence does not, in our view, answer 
the question of whether socioeconomic and psychological variables 
explain racial differences in KA outcomes.

African Americans tend to rely on social networks of family 
and friends in their community when opting for or against KA (6). 
African Americans are also known to be less likely to undergo KA 
when compared to either a similarly aged White population (7,8) 
or a White population at risk for KA with similar levels of symp-
tomatic knee osteoarthritis (OA) (1). If adjustment for socioeco-
nomic and psychological status attenuates or eliminates outcome 
differences between African Americans and non– African Ameri-
cans, patients hesitant to undergo KA who are African American 
could be assured that outcomes are likely influenced by a variety 
of factors but that race is not likely to be one of them. Additionally, 
clinicians may be influenced by either implicit bias (i.e., an uncon-
scious belief) (9) or explicit bias (i.e., an overt belief) (10) regarding 
race and KA outcomes or fitness for surgery. If evidence demon-
strated that outcome differences are explained by psychological 

and socioeconomic differences between African Americans and 
non– African Americans and not by race, these data could encour-
age African Americans who qualify to undergo KA.

We recently completed a multicenter, 3- arm randomized clin-
ical trial of a pain- coping skills training intervention as compared 
to usual care or arthritis education for individuals undergoing KA 
(11). For our no- effect trial, we obtained consent from 384 sub-
jects who underwent KA, 135 (35.2%) of whom were African 
Americans. Because we collected a comprehensive spectrum of 
socioeconomic and psychological variables, the data were well 
suited for a comparison of outcomes for African American and 
non– African American patients.

The 2 objectives were to determine whether preoperative and 
postoperative pain and function, as well physical performance, dif-
fered for African Americans as compared to the remainder of the 
sample, and to determine if outcomes differed between African 
Americans and the remainder of the sample after adjustment for 
variables that potentially confound the relationship between race 
and outcome. We hypothesized that differences in pain and func-
tion over time between African Americans and non– African Amer-
icans would be attenuated after adjustment for psychological and 
sociodemographic variables, much like that seen for individuals 
with medically treated lower extremity OA (12,13).

PATIENTS AND METHODS

The study sample was taken from a 3- arm randomized 
clinical trial, funded by the National Institutes of Health, with a 
1- year follow- up period (11). The trial examined effects of physical 
therapist– delivered pain coping skills relative to arthritis education 
or usual care for patients with at least moderate pain catastro-
phizing and scheduled for KA (the Knee Arthroplasty Skills Train-
ing Pain study [KASTPain]). Primary outcome measures for the 
trial were measured at baseline (preoperative visit, and 2 months, 
6 months, and 12 months postoperatively). The protocol for the 
trial (14) and the final results have been published (11). The study 
was approved by the institutional review boards (IRBs) of the 5 
participating sites (Virginia Commonwealth University [the central 
coordinating site (IRB HM14326)], Duke University, Wake Forest 
University, New York University, and Northern Illinois University). All 
subjects read and signed an IRB- approved consent form.

Study sample. To be eligible for our KASTPain trial, all par-
ticipants were ≥45 years of age. They successfully completed 
cognitive screening (15), had a diagnosis of knee OA, and were 
scheduled for KA between 1 and 8 weeks following consent. Par-
ticipants also scored ≥16 on the Pain Catastrophizing Scale (PCS) 
(16) and ≥5 on the WOMAC pain scale (17). The WOMAC pain 
threshold of ≥5 ensured our ability to measure improvement over 
time if it occurred. Exclusion criteria were revision or bilateral KA, 
inflammatory arthritis, established infection, fracture, and malig-
nancy or plans to undergo additional hip or KA within 6 months of 

SIGNIFICANCE & INNOVATIONS
• African Americans had worse pain, function, and 

physical performance prior to knee replacement 
and worse scores following surgery, but differences 
between African Americans and non– African Amer-
icans were small and, in most cases, not likely to be 
clinically relevant, particularly after adjustment for 
confounding.

• Adjustment for potential confounding attenuated 
score differences over time by ~25– 50%.

• Only Western Ontario and McMaster Universities 
Osteoarthritis Index Function scores at 12 months 
postsurgery demonstrated both statistically and 
clinically significant differences between African 
American and non– African Americans.

• Clinicians should be aware that most differences in 
outcome following knee replacement among Afri-
can American and non– African American patients 
were small and attenuated by confounding factors; 
race itself does not contribute to clinically meaning-
ful differences for most pain and functional status 
outcomes.
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the scheduled KA surgery. Because our trial design was pragmatic 
(18), we did not control clinical site surgical analgesic approaches, 
operative and pharmacologic or perioperative pain management, 
or preoperative or postoperative care delivery.

Key outcome variables. The WOMAC pain and function 
scales were collected in person at baseline and by telephone at 
all follow- up time points to quantify the extent of self- reported 
function- limiting pain and difficulty with activity at the baseline visit, 
2 months, 6 months, and 12 months following KA. The WOMAC 
scales have clearly established psychometric properties for 

individuals undergoing KA (19). Results from the Six- Minute Walk 
Test (20) and the Short Physical Performance Battery (21) were 
obtained at baseline and the 12- month follow- up and were used 
to quantify the participants’ physical performance. Both scales 
have strong validity evidence for individuals with knee OA (22,23).

Potential confounders of the relationship between 
race and outcome. We used prior evidence to select likely con-
founding variables (3,24– 26). The previously validated Bodily Pain 
Questionnaire was used to identify which of 16 body regions had 
been painful for at least the prior 3 months (27). We also used the 

Table 1. Baseline characteristics and medication use over the study period for African American participants and the 
remaining sample of participants who underwent knee arthroplasty surgery*

Baseline characteristics

African 
Americans 
(n = 135)

Remaining 
sample 

(n = 249) P†
No. 

missing
Age, mean ± SD years 64.5 ± 8.1 60.7 ± 7.3 <0.001 – 
Sex, female 94 (69.6) 163 (65.5) 0.407 – 
Body mass index, mean ± SD kg/m2 34.2 ± 6.4 31.2 ± 5.8 <0.001 7
Current income <0.001 – 

Less than $10,000 24 (17.8) 11 (4.4)
$10,000– $24,999 39 (28.9) 39 (15.7)
$25,000– $49,999 34 (25.2) 54 (21.7)
$50,000– $99,999 21 (15.6) 72 (28.9)
$100,000 or more 3 (2.2) 50 (20.1)
Declined 14 (10.4) 23 (9.2)

Education <0.001 – 
Less than high school 17 (12.6) 5 (2.0)
High school graduate 37 (27.4) 49 (19.7)
Some college 43 (31.9) 58 (23.3)
College degree or higher 38 (28.1) 137 (55.0)

Modified Charlson comorbidity score, mean ± SD‡ 9.5 ± 4.3 8.2 ± 3.9 0.002 – 
Knee pain duration, median years (IQR) 7 (3– 15) 6 (3– 14) 0.630 – 
Patient Health Questionnaire score, mean ± SD§ 6.3 ± 4.8 5.6 ± 4.9 0.230 – 
Generalized Anxiety Scale score, mean ± SD¶ 5.9 ± 5.0 5.1 ± 4.9 0.115 – 
WOMAC pain score, mean ± SD# 12.4 ± 3.3 10.8 ± 3.3 <0.001 – 
WOMAC physical function score, mean ± SD** 40.4 ± 11.3 35.3 ± 11.2 <0.001 – 
Short Physical Performance Battery score, mean ± SD†† 8.5 ± 3.2 9.7 ± 2.6 <0.001 15
Six- Minute Walk Test, mean ± SD meters 326.8 ± 97.3 372.4 ± 102.9 0.001 112
Pain Catastrophizing Scale score, mean ± SD‡‡ 32.6 ± 9.1 28.5 ± 9.1 <0.001 – 
Bodily pain sites, mean ± SD 6.5 ± 4.3 5.0 ± 3.8 0.001 – 
Opioid medication use

Baseline 62 (45.9) 58 (23.3) – 
2 months postoperative 68 (57.1) 79 (34.8) 38
6 months postoperative 33 (28.2) 19 (8.8) 50
12 months postoperative 21 (17.4) 14 (6.2) 38

Antiinflammatory medication use
Baseline 73 (54.1) 153 (61.4) – 
2 months postoperative 20 (16.8) 65 (28.6) 38
6 months postoperative 20 (16.8) 44 (20.3) 50
12 months postoperative 21 (17.4) 28 (12.4) 38

* Values are the number (%) unless indicated otherwise. IQR = interquartile range; WOMAC = Western Ontario and McMaster
Universities Osteoarthritis Index. 
† Independent sample t- tests were used for continuous variable comparisons, and chi- square tests were used for categorical 
variable comparisons. 
‡ Modified Charlson comorbidity score range is 0– 45. Higher scores equate to greater comorbidity burden. 
§ Patient Health Questionnaire 8 score range is 0 to 24. Higher scores equate to more depressive symptoms. 
¶ Generalized Anxiety Scale 7 score range is 0– 21. Higher scores equate to more anxiety. 
# WOMAC pain scale score range is 0– 20. Higher scores equate to more function- limiting pain. 
** WOMAC function scale range is 0– 68. Higher scores equate to more difficulty with functional activities. 
†† Short Physical Performance Battery score range is 0– 12. Higher scores equate to better performance. 
‡‡ Pain Catastrophizing Scale range is 0– 52. Higher scores equate to more pain catastrophizing. 
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validated Patient Health Questionnaire 8 (PHQ- 8) (28) to quantify 
depressive symptoms. Comorbidity was assessed using a vali-
dated comorbidity questionnaire (29). PCS is a validated measure 
that quantifies the extent to which patients catastrophize about 
their pain (30,31). For all scales, higher scores equated to a worse 
status for that scale.

We also measured yearly income and education as indica-
tors of socioeconomic status (SES). Yearly income was measured 
using a 5- item ordinal scale (i.e., <$10,000, $10,000– $24,999, 
$25,000– $49,999, $50,000– $99,999, ≥$100,000), while educa-
tion was measured using a 4- item ordinal scale (i.e., more than 
high school, high school graduate, some college, college degree 
or higher). Based on recommendations from Goodman et al (3) 
and substantial disparities in both income and education between 
African Americans and non– African American populations consid-
ering KA (32), we included income and education as indicators 
of SES in our analyses. Medication use during the postoperative 
period was assessed at the 2- month, 6- month, and 12- month 
time points. Participants were provided a comprehensive list of 
opioid and antiinflammatory medications and were systematically 
asked whether they were taking each of the medications on the 
list. For the purposes of this study, we only utilized preoperative 
opioid medication data dichotomized to indicate whether the par-
ticipant was taking an opioid (yes or no) preoperatively (33). The 
demographic variables of sex, body mass index (BMI) (kg/m2), and 
age also were included as potential confounders.

Data on race and ethnicity were collected in the trial (i.e., 
American Indian or Alaska Native, Asian, Black or African Ameri-
can, Hispanic or Latino, Native Hawaiian or other Pacific Islander, 
White, or declined). For purposes of the current study, we dichot-
omized race/ethnicity to either African American/Black or other.

Data analysis. Linear mixed- effects models were used to 
determine the effect of potential confounders on differences in pain 
and function at baseline and at 2, 6, and 12 months postsurgery 
based on race. This allowed us to account for the within- subjects 
nature of the data and the nesting for participant within surgeon 
within site. Parallel models were fit for each outcome. Unad-
justed models included a race main effect, time main effect, and 
race- by- time interaction. Treatment group from the main trial was 
not included in the analyses as there is no evidence for differences 

between treatment groups, as previously reported (11). The mod-
els were compared to adjusted models that included each pro-
posed confounder (i.e., preoperative painful body regions, PHQ- 8 
score, comorbidity, PCS score, SES, annual income, age, sex, 
BMI, as well as treatment with opioids). F tests of the main effect 
of race and interaction between race and time are reported, as 
well as the estimated means and their corresponding 95% con-
fidence intervals at each time point for each racial group. Miss-
ing data were handled directly during estimation using maximum 
likelihood estimation, which assumes missing at random (MAR) 
data and is appropriate when data are either MAR or missing 
completely at random (34). All analyses were completed using the 
lme4 package in the R statistical software (35).

RESULTS

Sample characteristics prior to surgery for African Americans 
and all other participants in the study are displayed in Table 1, and 
a Consolidated Standards of Reporting Trials (CONSORT) flow 
chart illustrating the patient flow and loss to follow- up appears in 
Supplementary Figure 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24177/ 
abstr act. For the sample of 384 participants, 135 self- reported as 
African American or Black, and 240 self- reported as White. The 
remainder (n = 9) were distributed among the other race/ethnicity 
categories. African Americans were older, had a higher BMI, and 
a lower educational level and income as compared to the non– 
African Americans.

The main effects of race and race- by- time interactions are 
shown in Table 2. Generally, there were statistically significant dif-
ferences between African Americans and non– African Americans 
for all outcomes in the unadjusted analyses of main effects, but 
in the adjusted analyses, only WOMAC pain and function contin-
ued to be significant for race in the main effects analysis. When 
considering race- by- time interactions, the physical performance 
comparisons were not significant, and when considering the 
race- by- time interaction for the adjusted analyses, only WOMAC 
function scores were significantly different. For example, the 
race- by- time interaction for WOMAC function was F3,920.5 = 4.8, 
P = 0.002. Follow- up comparisons were completed, testing 
for differences in WOMAC function at each time point using a 

Table 2. Results of main effects and race- by- time interactions for the race and outcome comparisons*

Outcome

Race main effect Race- by- time interaction

Unadjusted P Adjusted P Unadjusted P Adjusted P
WOMAC pain score† F1,389.1 = 50.0 <0.001 F1,357.9 = 20.4 <0.001 F3,1046.8 = 2.7 0.043 F3,1022.7 = 2.3 0.071
WOMAC function score‡ F1,380.1 = 62.8 <0.001 F1,344.4 = 28.2 <0.001 F3,934.4 = 5.5 0.001 F3,923.0 = 4.9 0.002
Six- Minute Walk Test score F1,362.1 = 12.2 <0.001 F1,329.0 = 2.8 0.095 F1,310.5 = 0.3 0.603 F1,303.9 = 0.1 0.802
SPPB score§ F1,392.6 = 13.7 <0.001 F1,349.9 = 3.1 0.081 F1,215.7 = 0.2 0.646 F1,214.1 = 0.1 0.775

* SPPB = Short Physical Performance Battery; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index. 
† WOMAC pain scale range is 0– 20. Higher scores equate to more function- limiting pain. 
‡ WOMAC function scale range is 0– 68. Higher scores equate to more difficulty with functional activities. 
§ SPPB score range is 0– 12. Higher scores equate to better performance. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24177/abstract.
http://onlinelibrary.wiley.com/doi/10.1002/acr.24177/abstract.


RIDDLE ET AL 814       |

Bonferroni- corrected α of 0.05/4 = 0.0125. Statistically significant 
differences were found at 2 (P = 0.004), 6 (0.004), and 12 months 
(P = 0.001), but not preoperatively (P = 0.152), indicating insuffi-
cient evidence for a preoperative difference in groups but diverg-
ing function scores following surgery. These data indicate that 
the improvement for African Americans was less over the early 
postoperative period compared to the improvement seen in the 
comparator group. Table 3 summarizes the mean differences 
between African Americans and non– African Americans for both 
the unadjusted analyses and the analyses adjusted for potential 
confounders. For example, unadjusted point estimates for base-
line WOMAC pain scores were 12.3 for African Americans and 
11.0 for non– African Americans, while adjusted estimates were 
11.5 for African Americans and 11.0 for non– African Americans. 
Figures 1 and 2 illustrate both the unadjusted and adjusted 
WOMAC pain (Figure 1) and WOMAC function (Figure 2) scores 
over time for the 2 groups.

DISCUSSION

Research examining pain and function outcomes following 
KA for African Americans versus non– African Americans has 
traditionally lacked adjustment for key potential socioeconomic 
and psychological confounders (3– 5). Evidence that accounts 
for potential confounders is critical in determining whether race- 
based differences are attributable specifically to race or to other 
variables that confound the race– outcome relationship. We 
found that prior to surgery, African Americans reported signifi-
cantly more pain with activity as well as lower levels of function 

and physical performance, and this finding is consistent with 
other research (3). One novel contribution of our study is that 
preoperative differences were attenuated by ~75% for pain, 
function, and performance measures in the adjusted analyses. 
All adjusted preoperative differences for the pain, function, and 
performance measures fall below minimum clinically important dif-
ference (MCID) estimates for each measure (e.g., ~2.0 points for 
WOMAC pain and 7 points for WOMAC function scores) (36– 39). 
These data suggest that prior assertions (3) that African Ameri-
cans have more pain and functional loss at baseline as compared 
to others is likely to be true. However, when confounding factors 
are accounted for in the analytic approach, these baseline differ-
ences become substantially smaller (see Figures 1 and 2). Pre-
operative differences attributed only to race are not likely to be 
clinically meaningful.

After surgery, adjusted analyses of 2- month, 6- month, and 
12- month postoperative outcomes comparing African Americans 
to all others in the sample were attenuated on the order of 25% 
to 50% relative to unadjusted estimates. The adjusted analy-
ses indicated, for example, that for postoperative WOMAC pain 
scores, mean differences were ~1.5 WOMAC pain points, less 
than MCID estimates of 2.0 (36,37). In adjusted analyses, only 
WOMAC function showed a statistically significant interaction. 
These later findings indicated that only the trajectories of adjusted 
WOMAC function score differences between the 2 race groups 
became greater over time. The performance measures were non-
significant for both the adjusted and unadjusted analyses.

Taken as a whole, our findings indicate that once confound-
ers are accounted for, differences in presurgical and postsurgical 

Table 3. Mean estimates and 95% confidence intervals (95% CIs) from linear mixed- effects models for each outcome over 
time for African Americans as compared to all other races and ethnicities*

Unadjusted analyses Adjusted analyses

African American Other African American Other
WOMAC pain score†

Baseline 12.3 (11.6– 12.9) 11.0 (10.4– 11.5) 11.5 (10.8– 12.2) 11.0 (10.3– 11.6)
2 months 7.8 (7.1– 8.6) 5.4 (4.9– 6.0) 7.4 (6.7– 8.2) 5.8 (5.2– 6.4)
6 months 5.5 (4.8– 6.2) 3.4 (2.8– 4.0) 4.9 (4.2– 5.6) 3.6 (3.0– 4.2)
12 months 4.5 (3.8– 5.2) 2.4 (1.8– 2.9) 4.2 (3.4– 4.9) 2.8 (2.1– 3.4)

WOMAC function score‡
Baseline 40.3 (38.1– 42.4) 35.9 (34.2– 37.6) 37.8 (35.8– 39.9) 36.0 (34.3– 37.7)
2 months 27.1 (24.7– 29.4) 18.1 (16.3– 20.0) 25.0 (22.8– 27.2) 19.0 (17.1– 20.8)
6 months 20.9 (18.6– 23.3) 12.2 (10.4– 14.1) 18.5 (16.3– 20.7) 12.5 (10.6– 14.3)
12 months 17.6 (15.3– 19.9) 8.4 (6.6– 10.2) 15.6 (13.5– 17.8) 9.3 (7.4– 11.1)

Six- Minute Walk Test score
Baseline 269.6 (247.4– 291.8) 304.6 (288.1– 321.2) 292.4 (269.3– 315.4) 307.9 (288.3– 327.4)
12 months 327.0 (303.2– 350.9) 369.9 (352.0– 387.7) 350.4 (326.1– 374.6) 371.6 (351.2– 392.0)

SPPB§
Baseline 7.2 (6.7– 7.6) 8.0 (7.6– 8.4) 7.4 (7.0– 7.8) 7.8 (7.4– 8.1)
12 months 7.7 (7.2– 8.3) 8.6 (8.2– 9.0) 8.0 (7.5– 8.5) 8.4 (8.0– 8.8)

* Values are the mean (95% CI). Analyses were adjusted for bodily pain, depressive symptoms, comorbidity, pain catastrophizing, 
income, education, sex, body mass index, opioid and antiinflammatory medication, and age. SPPB = Short Physical Performance 
Battery; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index. 
† WOMAC pain scale score range is 0– 20. Higher scores equate to more function- limiting pain. 
‡ WOMAC function scale range is 0– 68. Higher scores equate to more difficulty with functional activities. 
§ SPPB score range is 0– 12. Higher scores equate to better performance. 
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outcomes for African Americans as compared to all others are 
small and unlikely to be clinically relevant with an exception. Dif-
ferences in adjusted WOMAC function scores from 2 months to 
12 months postsurgery were on the order of 6– 7 points higher 
(worse) for African Americans compared to all others. This dif-
ference is statistically significant and clinically important as well 
(36,37).

African American patients are known to underutilize KA at 
a substantially higher rate as compared to White patients (1,40). 
Underutilization among African Americans is driven primarily by 
values and preferences for nonsurgical care, an expectation that 
KA is not effective, and a lack of trust in the health care system 
(6,41). Additionally, clinicians may be contributing to underutiliza-
tion because of implicit or explicit bias toward African Americans 
(9,10,42).

Underutilization of KA by African Americans is clearly mul-
tifactorial, and the current findings address some of these fac-
tors. For example, our finding that preoperative and postoperative 
differences among African Americans are generally below MCID 
estimates (with the exception of postoperative WOMAC function) 
after accounting for non- race confounders indicates that race 
itself likely does not contribute to a difference in clinically impor-
tant outcomes for pain and physical performance. Educationally 
based decision aids developed specifically for African Americans 
have been shown to lead to increased utilization of KA (43). Our 
findings suggest that decision aids also should include infor-
mation indicating that preoperative and postoperative pain and 
performance outcomes are not likely to be clinically different for 
African Americans as compared to non– African Americans. This 
information may help to change expectations of inferior outcomes 
following KA.

Because preoperative scores are the most powerful predictors 
of postsurgical outcomes (44), we would expect that, on average, 
African Americans would have slightly worse outcomes compared 
to all others. Only differences in WOMAC function scores between 

African Americans and non– African Americans meet the MCID 
(36,45). Importantly, we found that adjusted differences between 
African Americans and non– African Americans are most pro-
nounced during the period from surgery to 2 months postsurgery. 
Our analyses suggested that this period may be the critical time to 
focus on exercise and activity enhancement for African Americans 
to optimize function during this critical period.

Our findings are consistent with research conducted on indi-
viduals receiving nonsurgical treatment for knee OA. For example, 
in a meta- analysis designed to detect baseline pain and function 
differences in African Americans compared to White patients, 
Vaughn and colleagues found worse physical performance, self- 
reported pain, and function scores for African Americans (46). 
Flowers et al found that African Americans had worse physical 
performance test scores than White patients, but similar to our 
study, these differences were attenuated, and in some cases, 
nonsignificant after adjustment for demographic, psychological, 
and SES variables (47). Our findings appear to extend the findings 
of the 2 studies mentioned above regarding KA preoperative and 
follow- up measures obtained on African Americans as compared 
to the non– African Americans.

Lavernia and Villa compared preoperative and postopera-
tive scores on WOMAC and visual analog scale pain measures 
among a registry- based sample of 2010 patients with total KA, 
5% of whom were African American. Baseline and follow- up dif-
ferences between African Americans and non– African Americans 
were small and not clinically meaningful. However, substantial loss 
to follow- up (i.e., 63% of African Americans and 36% of non– 
African Americans) raises concerns about the generalizability of 
the findings. Similarly, Goodman et al used registry- based data 
on total KA and reported more substantial differences in baseline 
and 2- year WOMAC outcomes but noted a 43% loss to follow- up 
for African Americans. Loss to follow- up for African Americans in 
our study ranged from 10% to 13% for the 2- month to 12- month 
follow- up visits.

Figure 1. Unadjusted Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) pain trajectories and trajectories 
adjusted for potential confounders are illustrated from prior to 
surgery to 1 year following knee arthroplasty for African American 
participants and all others.

Figure 2. Unadjusted Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) function trajectories and trajectories 
adjusted for potential confounders are illustrated from prior to 
surgery to 1 year following knee arthroplasty for African American 
participants and all others.
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Our study had several strengths, including the relatively large 
proportion of participants who were African American (i.e., 35%) 
and the comprehensive assessment of potential confounding 
variables. There are also some important limitations. Because we 
conducted a secondary analysis, our study was not powered a 
priori for comparing outcomes among African Americans and all 
others in the sample. With this said, we had 135 African Amer-
ican participants with 90% follow- up along with 249 additional 
participants, also with 90% follow- up. Our analyses indicated that 
we were powered to detect unadjusted differences between Afri-
can Americans and non– African Americans of 1 to 2 WOMAC 
pain points. Our measures of SES only included annual income 
and educational level. A more sophisticated measure of SES that 
included occupation, neighborhood, and other assets (48) may 
have more accurately reflected the construct of interest and may 
have better explained race– outcome relationships. Addition-
ally, other variables that explain the small differences in outcome 
scores after confounder adjustment in our study could not be 
determined and require further research.

All of our participants had at least moderate levels of pain 
catastrophizing, and while our 1- year pain and function outcomes 
were very similar to outcomes reported for patients who were not 
recruited based on pain catastrophizing scores (44,49), it is possi-
ble that our finding may not generalize to heterogeneous samples 
of patients. We did not measure actual physical activity before and 
following KA, and this outcome may have been useful for deter-
mining whether differences existed among African Americans and 
non– African Americans. African Americans were well represented 
in our sample, but other races and ethnicities were poorly rep-
resented, with only 9 additional subjects, and this lack of rep-
resentation reduces generalizability for these populations. Finally, 
our study did not account for preoperative knee OA severity, a 
known predictor of poor outcome (50). It is possible that African 
Americans had milder knee OA than the non– African Americans, 
although we found no data to suggest that this is the case.

In conclusion, we found that prior to surgery, African Americans 
have slightly worse self- reported preoperative pain, function, and 
physical performance as compared to other participants, but these 
differences are attenuated by ~50% after adjustment for confound-
ing variables and are likely not clinically relevant. Follow- up measures 
showed a similar pattern, with 1 exception. Small differences were 
attenuated after adjustment and likely became clinically insignificant. 
The WOMAC function scale was the 1 exception that demonstrated 
differences among African Americans versus non– African Ameri-
cans that were likely to be clinically relevant.
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Willingness to Undergo Joint Surgery Following a 
First- Line Intervention for Osteoarthritis: Data From the 
Better Management of People With Osteoarthritis Register
Andrea Dell’Isola,1  Thèrèse Jönsson,1 Ola Rolfson,2 Anna Cronström,3  Martin Englund,1 and 
Leif Dahlberg1

Objective. To assess the proportion of participants reconsidering their willingness to undergo surgery after 3 and 
12 months. Secondary aims were to analyze and compare the characteristics of individuals willing and unwilling to 
undergo joint surgery for osteoarthritis (OA) before a first- line intervention, and to study the association between pain 
intensity, walking difficulties, self- efficacy, and fear of movement with the willingness to undergo surgery.

Methods. This was an observational study based on Swedish register data. We included 30,578 individuals with 
knee or hip OA who participated in a first- line intervention including education and exercise.

Results. Individuals willing to undergo surgery at baseline showed a higher proportion of men (40% versus 27%) 
and more severe symptoms and disability. Respectively, 45% and 30% of the individuals with knee and hip OA who 
were willing to undergo surgery at baseline became unwilling after the intervention. At the end of the study period (12 
months), 35% and 19% of those with knee and hip OA, respectively, who were willing to undergo surgery at baseline 
became unwilling. High pain intensity, walking difficulties, and fear of movement were associated with higher odds of 
being willing to undergo surgery at both follow- ups, while increased self- efficacy showed the opposite association.

Conclusion. A first- line intervention for OA is associated with reduced willingness to undergo surgery, with a 
greater proportion among patients with knee OA than hip OA. Due to its temporal variability, willingness to undergo 
surgery should be used with care to deem surgery eligibility.

INTRODUCTION

In individuals with long- standing and severe knee or hip oste-
oarthritis (OA), total joint replacement (TJR) is an effective inter-
vention to reduce pain and disability (1). In the last decades, the 
use of joint replacement for OA has dramatically increased and 
its growth is expected to continue, partially driven by the rising 
prevalence of OA (2– 4).

Despite the fact that TJR is a common procedure, there 
appears to be little consensus regarding the indication for TJR 
(5,6). Decision- making is complex and based on the interaction 
of multiple factors, such as patient willingness to undergo surgery 
and disease severity, but also based on social factors and previ-
ous experiences as well as availability (6– 12). Patients’ willingness 
to undergo surgery is the strongest predictor for TJR and has 

been hypothesized to be in part responsible for the high number 
of TJR procedures deemed as inappropriate and also responsible 
for the residual pain and disability observable in 1 of 5 patients 
with a TJR for OA (13,14).

Exercise in combination with education (and weight loss if 
indicated) is the first- line intervention for hip and knee OA, and both 
national and international guidelines recommend it. Random ized 
controlled trials (RCTs) have shown that first- line interventions can 
postpone surgery for up to 2 years in patients on a waiting list for 
TJR (15,16). Similarly, observational studies have shown that first- 
line interventions can shift patients’ willingness to undergo surgery 
in the short term, raising further questions on the use of prefer-
ences for TJR in the surgical decision process (17,18). However, 
very little is known about how often patients with OA reconsider 
their willingness to undergo surgery after a first- line intervention 
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delivered in a clinical context, and whether the change in willing-
ness is maintained in the long term. In fact, RCTs provide useful 
information to establish causality but are often limited by stringent 
selection criteria and cannot account for the large variability that 
characterizes clinical settings. On the other hand, existing obser-
vational studies often have small sample sizes and short follow- 
ups, somewhat limiting the generalizability of results.

To better understand patients’ preferences and to improve 
the decision process leading to surgery, it is fundamental to 
understand how willingness to undergo surgery may shift at differ-
ent time points after a first- line intervention for OA and to under-
stand which factors are associated with the shift in willingness 
to undergo surgery. Therefore, the main aim of this study was to 
assess the proportion of participants reconsidering their willing-
ness to undergo surgery at 3 and 12 months after taking part 
in a first- line intervention. Our secondary aims were to compare 
the characteristics of individuals willing and unwilling to undergo 
surgery before taking part in a first- line self- management interven-
tion provided nationwide in Sweden and to study the association 
of symptoms, quality of life, and psychological factors with the 
willing ness to undergo surgery after 3 and 12 months.

MATERIALS AND METHODS

Study design. This was an observational register- based 
study, and it adhered to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology guidelines for observational stu-
dies (19). The study was approved by the Regional Ethical Review 
Board in Gothenburg (1059- 16).

Intervention. The Better Management of People with 
Osteoarthritis (BOA) is a national quality register collecting data 
of a first- line management program for individuals with hand, hip, 
and knee OA that started in Sweden in 2008 and is provided in 
primary care settings. All individuals taking part in the program 
receive a minimum of 2 theoretical group sessions led by a phys-
ical therapist focusing on the disease pathophysiology, on the 
effectiveness and indication of OA treatments (including surgery, 
pharmacologic, and nonpharmacologic treatments), and on the 
benefit of exercise, including self- management advice and strat-
egy to incorporate exercise into daily life (20).

Between 1 and 3 weeks after the education, all the partici-
pants are offered the possibility to take part in the exercise phase 
of the intervention, which consists of a face- to- face session with 
a physical therapist. In this session, the patients receive a per-
sonalized intervention program and the necessary instructions to 
perform it independently at home (21,22). Thereafter, participants 
are given the possibility to perform their exercise program on 
their own or to participate in up to 12 supervised group exercise 
sessions with a physical therapist, provided 2 times a week for 
6 weeks. Further details on the program delivered to the partici-
pants recorded in BOA can be found elsewhere (20).

Study sample. The study sample consisted of patients with 
knee and/or hip OA with data recorded in BOA between Septem-
ber 2008 and December 2016. These patients sought treatment 
in primary health care in Sweden for knee and/or hip pain and 
were referred for a standardized core treatment (education and 
exercises) after a confirmed clinical or radiographic OA diagno-
sis as recommended by the Swedish National Board of Health 
and Welfare (23). These guidelines are in line with internationally 
accepted diagnostic criteria for OA, suggesting that a radio-
graphic examination should only be used in uncertain cases, if the 
patient is not responding to treatment or when surgical interven-
tion is planned (24,25). Patients were excluded from the program 
if 1) the joint pain was caused by other diseases or conditions 
(e.g., sequel hip fractures, chronic widespread pain, inflammatory 
joint diseases, or cancer), 2) they had received a TJR in 1 of their 
knees or hips within the previous 12 months, 3) they had other 
surgery of the knee or hip within the past 3 months, or 4) they 
were not able to read or understand Swedish. The index joint for 
the treatment was identified by a physical therapist and based 
on the patient’s medical history and complaints. If >1 joint was 
affected, the most symptomatic joint was used as the index joint.

For this study, we included all participants who completed 
the 2 mandatory education sessions, were willing to undergo 
surgery, as recorded at baseline, and attended both follow- ups 
at 3 months (between 60 and 150 days from enrollment) and 
12 months (between 360 and 450 days from enrollment), or did 
not attend 1 of the follow- ups because they received a TJR in 
the index joint. Participants who underwent TJR before the 
3- month follow- up were considered as willing to undergo surgery 

SIGNIFICANCE & INNOVATIONS
• Results from this large cohort show a reduction

of 30– 45% in willingness to undergo surgery after 
completion of a first- line intervention and indicate 
that this reduction is partially maintained up to 12 
months. Patients with osteoarthritis undergoing a 
first- line intervention tend to reconsider their willing-
ness to undergo surgery multiple times, suggesting 
that the willingness to undergo surgery may not be 
an optimal indicator to deem eligibility for total joint 
replacement, especially if the person seeking sur-
gery has not yet undertaken a first- line intervention.

• Pain was significantly associated with the willingness
to undergo surgery at both follow- ups, suggesting 
that a reduction of 1 unit in the pain intensity (meas-
ured on a 0– 10 numeric rating scale) can lead to 60– 
80% lower odds of being willing to undergo surgery.

• Walking difficulties appear to be central in deter-
mining a person’s willingness to undergo surgery 
and may, in certain cases, be more important than 
pain, especially when pain is measured on a quanti-
tative scale.
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at the 3- month follow- up. Similarly, patients who underwent TJR 
after the 3- month follow- up were considered as being willing 
to undergo surgery at 12 months. For pragmatic reasons, we 
allowed a 3- month window at the follow- ups to ensure that all the 
participants were able to attend the follow- ups.

Variables. Willingness to undergo surgery was assessed 
by the question “Are your knee/hip symptoms so severe that 
you wish to undergo surgery? (Yes/No),” asked at baseline and 
both follow- ups. Mean pain intensity during the last week in 
the most affected joint was evaluated at baseline and follow- ups 
on a numeric rating scale ranging from 0 (no pain) to 10 (max-
imum pain) (21). The presence of perceived walking difficulties 
was assessed by the question “Do you have problems walking 
as results of your joint problems (Yes/No)” at baseline and both 
follow- ups. Participants reported their age, sex, and level of edu-
cation. Body weight and height were self- reported at the first visit, 
from which the body mass index (BMI) was calculated as kg/m2.

Participants rated their general health status using the 5- level 
EuroQol 5- domain (EQ- 5D- 5L) instrument. For this study, we 
used the EQ-5D-5L visual analog scale, with a score ranging from  
0 (worst imaginable health state) to 100 (best imaginable health 
state) as a measure of overall health- related quality of life (26,27).

Self- efficacy was assessed by the Arthritis Self- Efficacy Scale 
(ASES), designed to assess participants’ confidence in their ability 
to manage symptoms of arthritis. The final score ranges 10– 100 
in 10- point increments, with higher values representing higher 
self- efficacy. ASES has previously been used to evaluate patient 
education programs for individuals with arthritis and is validated in 
Swedish (22,23). In BOA, only the scales assessing self- efficacy for 
pain and other symptoms have been included. For this study, we 
used only the scale assessing pain self- efficacy, which was con-
verted into a 1– 10 scale with a 1- point increment to facilitate inter-
pretation of the results.

Comorbidities were measured using the Charnley classifica-
tion, which categorizes individuals into 3 categories: A (unilateral 
OA of knee or hip), B (bilateral OA in both knees or both hips), or 
C (OA in multiple joint sites, e.g., hip and knee) and/or the pres-
ence of any other disease that affects walking ability (28,29). No 
other measure of comorbidity was available. Fear of movement 
was assessed by the question “Are you afraid your joints will be 
injured by physical training/activity? (Yes/No).”

Any kind of surgery was considered, e.g., meniscectomy, 
osteotomy, partial joint replacement, and TJR. Considering that 
the joint that received replacement could not be considered as 
the index joint for the treatment, none of the reported index joints 
had received TJR before enrolling in the program. However, par-
ticipants who received TJR in the contralateral joint >12 months 
prior to enrollment could be included in the program. At baseline, 
participants were asked if they had previously sought care for their 
joint problem, but no information on the treatment sought was 
collected.

Self- reported radiographs prior to enrollment were recorded 
and divided into 4 categories: no radiographs, radiographs 
received >6 months before enrollment, radiographs received 
<6 months before enrollment, or does not know. Previous consul-
tations with a physical therapist for the problems in the index joint 
were self- reported by the participants (yes/no). No information 
regarding treatments received was recorded. Participants were 
also asked to report whether they were on a waiting list for receiv-
ing joint surgery at the time of enrollment (yes/no). No data were 
available for the 3-  and 12- month follow- up.

Statistical analysis. To account for differences linked to 
the affected joint, all the analyses were performed separately for 
patients with hip and knee OA. Normality was assessed through 
visual inspection of histograms and assessment of Q- Q plots. 
We used the independent t- test to compare characteristics of 
patients willing and unwilling to undergo surgery at baseline. The 
chi- square test and Z test with Bonferroni correction were used for 
categorical variables and to assess the proportion of crossovers 
from willing to undergo surgery at baseline to unwilling to undergo 
surgery at the various follow- ups. Alpha level was set at 0.05.

Logistic regression models were used to study the associa-
tion between pain intensity, walking difficulties, self- efficacy, and 
fear of movement with the willingness to undergo surgery. Sepa-
rate models were built to study the association between the inde-
pendent variables and the dependent variable at 2 time points, 
3 months and 12 months. In the first model, we studied the associa-
tion at 3 months between pain, walking difficulties, self- efficacy, and 
fear of movement with the participant’s willingness to undergo sur-
gery. In the second model, we studied the association at 12 months 
between pain, walking difficulties, self- efficacy and fear of movement 
with the participant’s willingness to undergo surgery. The analyses 
were adjusted for sex, age, BMI, willingness to undergo surgery 
at the previous follow- up, pain intensity at the previous follow- up, 

Figure 1. Participant selection flow chart. BOA = Better Manage-
ment of People with Osteoarthritis; OA = osteoarthritis.
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previous surgery (index and contralateral), level of education, pre-
vious care sought for the joint problem, previous consultation with 
a physical therapist, previous radiographs, and whether the partic-
ipant was on a waiting list for joint surgery. Results are presented 
as odds ratios with 95% confidence intervals. All statistical analyses 
were conducted using SPSS software, version 25.0.

RESULTS

From 2008 to 2016, 51,627 individuals with hip or knee OA 
were recorded in the BOA register and were eligible for this study, 
of whom 30,578 filled the inclusion criteria (knee OA: 20,649; hip 
OA: 9,929) (Figure 1 and Table 1).

Table 1. Characteristics of the BOA participants*

Characteristic

Included (n = 30,578) Excluded (n = 21,049)

No. Value No. Value
Age, years 30,578 66.7 ± 9.0 20,987 65.4 ± 9.7
Body mass index 30,081 27.8 ± 4.8 20,515 28.2 ± 4.9
Pain (0– 10) 30,509 5.3 ± 1.9 20,897 5.3 ± 2.0
ASES pain (1– 10) 29,947 6.3 ± 1.9 19,886 6.3 ± 1.9
EQ-5D-5L VAS (1– 100) 24,605 67.1 ± 19.0 18,083 65.8 ± 19.5
Sex, %

Men 9,274 30.3 6,424 30.6
Women 21,304 69.7 14,563 69.4

Willingness to undergo surgery, %
No 22,700 74.2 15,567 76.1
Yes 7,878 25.8 4,884 23.9

Comorbidities, %
Charnley class A 11,761 38.5 7,830 37.3
Charnley class B 6,036 19.8 3,809 18.1
Charnley class C 12,743 41.7 9,320 44.5

Fear of movement, %
No 25,895 84.4 16,925 82.3
Yes 4,798 15.6 3,629 17.7

Walking difficulties, %
No 5,939 19.2 3,910 18.8
Yes 24,482 80.8 16,930 81.2

Education, %
Primary school 10,622 34.4 7,060 33.8
High school 10,997 36.9 7,982 38.2
University 8,871 29.1 5,845 28.0

Previous care sought for the joint problem, %
No 877 2.9 682 3.3
Yes 29,502 97.1 20,188 96.7

Previous radiographs index joint, %
No 6,345 20.8 4,540 21.6
Yes, >6 months 9,756 32.0 6,570 31.3
Yes, <6 months 14,132 46.4 9,675 46.1
Does not know 225 0.7 186 0.9

Previous physical therapist consultation 
(index joint), %

No 16,053 52.7 11,593 55.3
Yes 14,433 47.3 9,363 44.7

Previous surgery index joint, %
No 26,717 87.6 18,203 86.7
Yes 3,799 12.4 2,789 13.3

Surgery contralateral, %
No 27,218 89.4 18,791 89.7
Yes 3,227 10.6 2,147 10.3

Waiting list for joint surgery (index joint), %
No 29,697 97.6 20,549 98.2
Yes 721 2.4 374 1.8

Surgery during study period, %
No 26,314 86.1 – – 
Before 3 months 78 0.3 – – 
Between 3 and 12 months 4,186 13.7 – – 

* Values are the mean ± SD unless indicated otherwise. ASES = Arthritis Self Efficacy Score; BOA = Better 
Management of People with Osteoarthritis; EQ-5D-5L = 5-level EuroQol 5- domain instrument; VAS = 
visual analog scale. 
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Shift in willingness to undergo surgery. At baseline, 
4,916 participants (24%) with knee OA and 2,962 (30%) with hip 
OA were willing to undergo surgery. Of these, 45.1% of those with 
knee OA (n = 2,242) and 30 % of those with hip OA (n = 901) 
became unwilling after 3 months. At 12 months, 61% of those 
with knee OA (n = 1,368) and 45.3% of those with hip OA (n = 408) 
who became unwilling were still unwilling. Among the individuals 
unwilling to undergo surgery at baseline, 6.6% of those with knee 
OA (n = 1,035) and 11.8% of those with hip OA (n = 820) became 
willing at 3 months. At 12 months, 66.1% of those with knee OA 
(n = 684) and 80.5% of those with hip OA (n = 660) who became 
willing were still willing to undergo surgery.

Overall, 34.8% of the individuals with knee OA (n = 1,710) 
and 19.0% of those with hip OA (n = 564) who were willing to 

undergo surgery at baseline became willing during the study 
period and were unwilling at 12 months. On the other hand, 14.7% 
of those with knee OA (n = 2,313) and 26.8% of those with hip 
OA (n = 1,871) changed from being unwilling to consider surgery 
at baseline to be willing at the 12- month follow- up. Levels of pain, 
self- efficacy, and quality of life at the 3 follow- ups in relation to will-
ingness are reported in Supplementary Tables 1 and 2 (available 
on the Arthritis Care Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24486/ abstract) and Figures 2 and 3.

Baseline comparison and factors associated with 
willingness to undergo surgery. Baseline characteristics of 
the included participants in Table 2 show that more individuals with 
hip OA than knee OA were willing to consider surgery at baseline. 

Figure 2. Proportion of individuals with knee osteoarthritis  reconsidering their willingness to undergo surgery at 3 and 12 months from the 
intervention. Percentages are reported separately for individuals willing to consider surgery at baseline and for those unwilling to consider 
surgery. Percentages represent the proportion of individuals from the level above who either changed or did not change their mind at the follow- 
up. A percentage that does not reach 100% indicates individuals without willingness to undergo surgery recorded at follow- up.

Figure 3. Proportion of individuals with hip osteoarthritis reconsidering their willingness to undergo surgery at 3 and 12 months from the 
intervention. Percentages are reported separately for individuals willing to consider surgery at baseline and for those unwilling to consider 
surgery. Percentages represent the proportion of individuals from the level above who either changed or did not change their mind at the follow- 
up. A percentage that does not reach 100% indicates individuals without willingness to undergo surgery recorded at follow- up.
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Table 2. Baseline characteristics of BOA participants based on the affected joint and willingness to undergo surgery*

Knee OA, unwilling  
(n = 15,733)

Knee OA, willing  
(n = 4,916)

P

Hip OA, unwilling 
(n = 6,967)

Hip OA, willing 
(n = 2,962)

PNo. Value No. Value No. Value No. Value
Age 15,733 66.6 ± 8.9 4,916 66.0 ± 9.2 <0.001† 6,967 67.3 ± 9.0 2,962 67.3 ± 9.0 0.941
Body mass index 15,467 27.9 ± 4.8 4,837 29.3 ± 4.9 <0.001† 6,862 26.6 ± 4.3 2,915 27.6 ± 4.5 <0.001†
Pain (0– 10) 15,696 4.9 ± 1.9 4,907 6.4 ± 1.6 <0.001† 6,953 4.9 ± 1.9 2,953 6.5 ± 1.5 <0.001†
ASES pain (1– 10) 15,402 6.8 ± 1.7 4,823 5.4 ± 1.8 <0.001† 6,814 6.5 ± 1.7 2,908 5.0 ± 1.8 <0.001†
EQ-5D-5L VAS (0– 100) 12,677 70.3 ± 17.8 3,860 60.0 ± 19.7 <0.001† 5,712 69.0 ± 17.9 2,356 56.9 ± 19.8 <0.001†
Sex, %

Men 4,196 26.7 1,985 40.4 <0.05† 1,892 27.2 1,201 40.5 <0.05†
Women 11,537 73.3 2,931 59.6 <0.05† 5,075 72.8 1,761 59.5 <0.05†

Charnley class, %
A 6,354 40.4 1,624 33.3 <0.05† 2,719 39.0 1,064 35.9 <0.05†
B 3,759 23.9 1,192 24.2 <0.05† 798 11.5 287 9.7 <0.05†
C 5,604 35.6 2,092 42.6 <0.05† 3,437 49.3 1,610 54.4 <0.05†

Fear of movement, %
No 13,445 85.8 3,727 76.3 <0.05† 6,117 88.2 2,394 81.3 <0.05†
Yes 2,221 14.2 1,156 23.7 <0.05† 819 11.8 550 18.7 <0.05†

Walking difficulties, %
No 3,879 24.8 268 5.5 <0.05† 1,679 24.2 113 3.8 <0.05†
Yes 11,763 75.2 4,631 94.5 <0.05† 5,248 75.8 2,840 96.2 <0.05†

Education, %
Primary school 5,175 33.0 1,945 39.7 <0.05† 2,310 33.3 1,192 40.3 <0.05†
High school 5,683 36.2 1,852 37.8 <0.05† 2,420 34.9 1,042 35.3 >0.05
University 4,831 30.8 1,105 22.5 <0.05† 2,213 31.9 722 24.4 <0.05†

Previous care sought 
for joint problem, %

No 488 3.1 51 1.0 <0.05† 296 4.3 42 1.4 <0.05†
Yes 15,134 96.9 4,939 99.0 <0.05 6,604 95.7 2,907 98.6 <0.05†

Previous radiographs 
index joint, %

No 3,631 23.2 486 9.9 <0.05† 1,899 27.4 329 11.1 <0.05†
Yes, >6 months 5,204 33.2 1,687 34.3 >0.05 1,992 28.8 873 29.5 >0.05
Yes, <6 months 6,711 42.8 2,705 55.0 <0.05† 2,976 43.0 1,740 58.9 <0.05†
Does not know 119 0.8 36 0.7 >0.05 57 0.8 13 0.4 <0.05†

Previous physical 
therapist 
consultation (index 
joint), %

No 8,432 53.7 2,392 48.8 <0.05† 3,756 54.1 1,473 49.9 <0.05†
Yes 7,257 46.3 2,512 51.2 <0.05† 3,284 45.9 1,480 50.1 <0.05†

Previous surgery index 
joint, %

No 13,306 84.7 3,692 75.2 <0.05† 6,833 98.4 2,886 97.6 <0.05†
Yes 2,398 15.3 1,217 24.8 <0.05† 113 1.6 71 2.4 <0.05†

Surgery contralateral, %
No 14,117 90.1 3,991 81.6 <0.05† 6,531 94.1 2,579 87.4 <0.05†
Yes 1,548 9.9 899 18.4 <0.05† 407 5.9 373 12.6 <0.05†

Waiting list for joint 
surgery (index 
joint), %

No 15,555 99.4 4,526 92.4 <0.05† 6,879 99.4 2,737 92.8 <0.05†
Yes 96 0.6 370 7.6 <0.05† 44 0.6 211 7.2 <0.05†

Surgery during study 
period, %

No 15,028 95.5 3,667 74.6 <0.05† 6,102 87.6 1,517 51.2 <0.05†
Yes 705 4.5 1,249 25.4 <0.05† 865 12.4 1,445 48.8 <0.05†

* Values are the mean ± SD unless indicated otherwise. Knee OA participants total: n = 20,649; hip OA participants total: n = 9,929. ASES = 
Arthritis Self Efficacy Score; BOA = Better Management of People with Osteoarthritis; EQ-5D-5L = 5-level EuroQol 5- domain instrument; OA = 
osteoarthritis; VAS = visual analog scale. 
† Statistically significant. 
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Individuals willing to consider surgery were on average younger 
and had higher BMI, higher baseline pain, lower self- efficacy, and 
lower quality of life compared to those who did not consider sur-
gery. In addition, patients willing to undergo surgery more often 
had a Charnley score of C and walking difficulties, more often had 
consulted a physical therapist in the past, more often had received 
radiographs in the index knee in the last 6 months, more often had 
received surgery in the index or contralateral joint, and were more 
often on a waiting list to receive surgery in the index joint.

Table 3 shows that, regardless of the joint affected (hip or 
knee), patients with higher pain, fear of movement, and walking 
difficulties at 3 months had higher odds of being willing to undergo 
surgery at 3 months. By contrast, individuals with a higher level of 
self- efficacy at 3 months had lower odds of becoming willing to 
undergo surgery. Similarly, regardless of the joint affected (hip or 
knee), patients with a higher level of pain, fear of movement, and 
walking difficulties at 12 months had higher odds of becoming 
willing to undergo surgery at 12 months. Having a higher level of 
self- efficacy and quality of life at 12 months was associated with 
lower odds of becoming willing to undergo surgery at 12 months 
(Table 3).

DISCUSSION

In this study conducted in >30,000 individuals with knee or 
hip OA, we showed that 30% to 45% of the patients willing to 
undergo surgery no longer considered surgery as a therapeutic 
option after receiving a first- line intervention (3 months) includ-
ing exercise and education. On the other hand, 7% to 12% 
of those who were not willing at baseline changed their mind. 
Overall, 35% of the patients with knee OA and 19% of those 

with hip OA willing to undergo surgery at baseline were no 
longer considering surgery at 12 months. Overall, >90% of the 
individuals included in this study had previously sought care for 
the joint problem, with roughly 50% who consulted a physical 
therapist in the past and 50% who received radiographs in the 
6 months before the intervention. However, <3% of the par-
ticipants were on a waiting list for surgery, suggesting that the 
sample may represent a population with moderate symptoma-
tology accessing a first- line intervention after having previously 
undergone other treatments.

As expected, those individuals willing to undergo surgery 
at baseline appeared to have an overall worse disease severity, 
lower quality of life, and lower self- efficacy, regardless of the joint 
affected by OA. Nonetheless, many of these participants recon-
sidered their position about surgery. Due to the design of the 
study, little can be said about the influence of the provided inter-
vention on the desire for surgery. However, our results show that 
improvement in OA symptoms and walking difficulties are associ-
ated with higher odds of becoming unwilling to undergo surgery. 
Worsening pain may instead explain the reconsiderations shown 
between the 3-  and 12- month follow- ups, when no treatment was 
delivered, and the effect of the intervention is expected to subside 
(see Supplementary Tables 1 and 2, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24486/ abstract) (30,31). Prolonged adherence to an exercise 
regime, longer interventions, booster sessions, or digitally deliv-
ered programs may thereby minimize reconsideration about sur-
gery in the months following the intervention (32,33).

Individuals unwilling to consider surgery at baseline appear 
to be less prone to become willing after receiving the interven-
tion. Differences in baseline characteristics may help to explain 
the results. Individuals unwilling to undergo surgery at baseline 
appeared to have less severe symptoms and showed higher 
levels of self- efficacy, which was associated with lower odds of 
desiring surgery and has been linked to better outcomes from 
self- management interventions (34,35). Nevertheless, certain indi-
viduals unwilling to consider surgery changed their mind after the 
treatment or at 12 months. These individuals seem to have expe-
rienced an overall worsening of the symptoms, which may have 
led them to consider surgery as a therapeutic option for their joint 
problems (see Supplementary Tables 1 and 2, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24486/ abstract) (36).

Overall, our results are in line with a study showing a similar 
rate of reconsideration (30% became unwilling, 6% became will-
ing) after 6 weeks of participation in a digital self- management pro-
gram based on the BOA program (17). Despite the fact that both 
of the studies are observational and cannot establish causality, 
results from an RCT have shown that >60% of the patients eligible 
for surgery who received a 12- week first- line intervention decided 
not to undergo surgery up to the 2- year follow- up (1,15). A recent 
study analyzing the willingness to undergo surgery in individuals 

Table 3. Factors associated with the willingness to undergo 
surgery at the 3- month and 12- month follow- ups*

Factors measured
Knee OA  

(n = 20,649)
Hip OA  

(n = 9,929)
3- month follow- up

Pain (0– 10) 1.61 (1.54, 1.67)† 1.70 (1.61, 1.80)†
EQ-5D-5L VAS (0– 100) 1.00 (0.99, 1.01) 0.99 (0.99, 1.00)
Fear of movement (y/n) 1.49 (1.21, 1.82)† 1.56 (1.15, 2.10)†
ASES pain (1– 10) 0.73 (0.70, 0.75)† 0.69 (0.66, 0.73)†
Walking difficulties (y/n) 3.46 (2.85, 4.20)† 4.03 (3.04, 5.35)†

12- month follow- up
Pain (0– 10) 1.79 (1.71, 1.88)† 1.86 (1.74, 1.99)†
EQ-5D-5L VAS (0– 100) 0.99 (0.99, 1.00) 0.99 (0.99, 1.00)
Fear of movement (y/n) 1.51 (1.23, 1.85)† 1.43 (1.02, 2.00)†
ASES pain (1– 10) 0.79 (0.76, 0.83)† 0.76 (0.71, 0.80)†
Walking difficulties (y/n) 3.55 (2.83, 4.47)† 5.25 (3.61, 87.63)†

* Values are the odds ratio (95% confidence interval). Analyses are 
adjusted for sex, age, body mass index, willingness to undergo 
surgery at the previous visit (baseline/3- month), pain at the previous 
visit (baseline/3- month), previous surgery (either knee or either hip), 
and education. Values for dichotomous variables are reported for the 
presence of the factor (absence used as reference category). ASES 
= Arthritis Self Efficacy Score; EQ-5D-5L = 5-level EuroQol 5- domain 
instrument; OA = osteoarthritis; VAS = visual analog scale. 
† Statistically significant. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24486/abstract
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with knee OA from the Osteoarthritis Initiative cohort showed a 
lower rate of reconsideration, with 16% of the participants becom-
ing more willing to undergo surgery and 14% becoming less will-
ing over a 2- year period where no structured intervention was 
provided (37). However, analyzed together, these results suggest 
that first-line interventions have the potential to reduce willingness 
to undergo surgery in a large part of the OA population, including 
individuals eligible for TJR and those with more moderate symp-
toms. Caution in the interpretation is needed, considering that 
the individuals who decide to undergo treatment for their prob-
lems may be more prone to reassess therapeutic options than 
those who are not seeking care.

Pain was significantly associated with the willingness to 
undergo surgery at both follow- ups, suggesting that a reduction 
of 1 unit in the pain intensity can lead to 60– 80% lower odds of 
being willing to undergo surgery. However, the presence of walk-
ing difficulties also showed a strong association, increasing by 
3– 5- fold the odds of being willing to undergo surgery. Despite the 
fact that pain is often considered the most important factor driving 
care- seeking behavior, qualitative evidence showed that patients 
with OA often consider the use of quantitative measures of pain to 
deem eligibility to surgery to be inappropriate due to the inability 
of these scales to capture the real impact of pain on a person’s 
life (38). Thus, measures of walking difficulties and physical disa-
bilities may help to capture the experience of a person with OA, 
explaining their strong association with the willingness to undergo 
surgery. Thus, addressing perceived walking difficulties may lead 
to less surgery consideration.

Among the other factors analyzed, quality of life was not 
associated with the willingness to undergo surgery. Factors exter-
nal to the joint disease may influence the quality of life without 
necessarily impacting the willingness to undergo surgery. On the 
other hand, higher levels of self- efficacy reduced the odds of being 
willing to undergo surgery. Focusing on function and participation 
rather than solely on symptom reduction may further reduce sur-
gery consideration.

Patients with hip OA appear to benefit less from first- 
line interventions when compared to patients with knee OA 
(30,33,39,40). In this study, 30% of the individuals with OA 
who were willing to undergo surgery changed their mind after 
the treatment. However, those with hip OA were less likely to 
become unwilling to undergo surgery and more often received 
TJR during the study time than patients with knee OA. In addi-
tion, 26% of the individuals with hip OA who were unwilling to 
undergo surgery at baseline became willing by the end of the 
study period, while only 19% made the opposite shift. This trend 
is reverted in individuals with knee OA. Despite the differences 
in the rate of reconsideration, all the analyzed factors showed 
a similar association with the willingness to undergo surgery 
across the joints, suggesting that differences in the rate of sur-
gery reconsideration are likely due to joint- specific differences in 
pain, symptom reduction, and surgery indication.

Some limitations need to be discussed. First, this was an 
observational study and, therefore, the effect of the treatment on 
the willingness for surgery cannot be asserted. In addition, sev-
eral individuals did not have data recorded for 1 or both of the 
follow- ups and could not be included in the study. The exclusion of 
these individuals may have influenced our findings and should be 
taken into account when interpreting the results. Second, we do 
not know whether the patients who were willing to undergo sur-
gery would be deemed eligible for surgery at the end of the inter-
vention. This lack of information on surgery eligibility implies that 
reconsideration may not result in a direct change in the number of 
surgical procedures. However, individuals unwilling to undergo sur-
gery have been shown to be less likely to receive TJR than those 
who are willing (14). Third, individual decision- making on important 
health care concerns such as surgery is complex and cannot be 
explained solely by the factors investigated in this study. Individuals 
at a later stage of the disease may have different expectations from 
an intervention than individuals at earlier stages. The limited infor-
mation regarding the stage of the diseases (e.g., disease duration, 
date of diagnosis) may thus limit the applicability of these results. 
Finally, cultural differences between countries may exist and may 
somewhat limit the generalizability of the results outside Sweden.

Results from this large cohort show reduced willingness to 
undergo surgery by 30% to 45% after completion of a first- line 
intervention and show that this reduction is partially maintained 
for up to 12 months. Walking difficulties appear to be central in 
determining a patient’s willingness to undergo surgery and may 
be as important as pain, especially when pain is measured on a 
quantitative scale. Finally, individuals’ preferences are key in the 
care process of every disease and should always be considered. 
However, willingness to undergo surgery should be used with 
care in the decision process leading to surgery, in light of its 
temporal variability, especially if the patient seeking surgery has 
not yet undertaken a first- line intervention.
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Association of Hydroxychloroquine Use With Decreased 
Incident Atrial Fibrillation in Systemic Lupus Erythematosus
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Objective. To study the relationship between hydroxychloroquine (HCQ) use and new- onset atrial fibrillation in 
patients with systemic lupus erythematosus (SLE).

Methods. A retrospective cohort of adult patients with SLE was constructed from December 1, 2014 to May 
30, 2017. Patients were categorized as either HCQ users or nonusers. The primary outcome was incident atrial 
fibrillation. Secondary outcomes included incident ventricular arrhythmias (composite of ventricular tachycardia, 
ventricular fibrillation, or torsades de pointes). Outcomes were adjudicated by review of the electronic health record. 
Statistical analyses included simple and multivariable logistic regression tests to estimate the association between 
HCQ use and incident atrial fibrillation after adjusting for relevant confounders. Propensity score matching analysis 
was completed.

Results. Our study included 1,647 patients with SLE, of which 917 were HCQ users and 730 were nonusers. A 
total of 23 atrial fibrillation events occurred, including 3 in HCQ users and 20 in nonusers. Logistic regression analysis 
showed an odds ratio (OR) of 0.12 (95% confidence interval [95% CI] 0.034– 0.39, P = 0.0005) for incident atrial 
fibrillation and 2.39 (95% CI 0.25– 23.0, P = 0.45) for ventricular arrhythmias. Results remained significant in the fully 
adjusted and propensity score– matched models.

Conclusion. In this exploratory study, HCQ use was associated with an 88% decrease in the risk of incident 
atrial fibrillation in patients with SLE. Considering the increased cardiovascular risk in SLE, incorporation of HCQ 
into the regimen may be beneficial for both disease manifestations and reducing the risk of atrial fibrillation. 
Further studies would be needed to confirm the antifibrillatory benefit of this relatively safe and low- cost 
medication.

INTRODUCTION

Cardiac manifestations of systemic lupus erythematosus 
(SLE) can include myocarditis, pericarditis, valvular disease, 
thrombosis, and cardiac conduction defects (1,2). Rhythm abnor-
malities occur in >15% of lupus patients, often in association with 
other cardiac comorbidities or active lupus (2). A recent case– 
control study demonstrated higher incidence of atrial fibrillation in 
patients with SLE, a 4.5- fold higher incidence in men with SLE 
as compared to women with SLE, and a correlation with disease 
activity (3). Another recent study showed that the prevalence of 
resting electrocardiogram (EKG) changes, including atrial fibrilla-
tion, that are predictive of future clinical cardiovascular disease 

was greater among patients with SLE than the general population 
(prevalence of up to 24% versus 17%) (4).

The antimalarial drug, hydroxychloroquine, has been a cor-
nerstone therapy in the management of SLE. Early studies of its 
parent molecules, quinidine and chloroquine, demonstrated their 
anti arrhythmic benefit; however, their use declined over the years 
due to concerns of toxicity (5). Hydroxychloroquine has been 
shown to prevent shortening of atrial effective refractory period, 
a primary pathophysiologic mechanism promoting atrial fibrilla-
tion (6,7). Despite its potential anti arrhythmic effects and known 
cardiovascular benefits (8), the relationship between hydroxy-
chloroquine usage and incident atrial fibrillation has not been 
described. The purpose of this study was to examine the effect of 
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hydroxychloroquine use on incident atrial fibrillation in a retrospec-
tive cohort of patients with SLE.

PATIENTS AND METHODS

Patients. Institutional review board approval was obtained, 
and informed consent was waived for this observational study. From 
December 1, 2014 to May 30, 2017, a retrospective cohort of adult 
patients with SLE was assembled at Allegheny Health Network, a 
tertiary care academic center in western Pennsylvania with a fully 
implemented electronic health record (EHR) system. A lupus diag-
nosis was based on the International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision (ICD- 10) code 
M32, entered at least once by a rheumatologist. Patients with a 
previous history of atrial fibrillation were excluded from the study. In 
addition, patients with an incident atrial fibrillation event occurring in 
the first year of observation (December 1, 2014 through December 
1, 2015) were excluded in order to allow for a run- in period and 
enhance validity.

Outcome measures. Eligible patients were divided into 
hydroxychloroquine users and nonusers according to hydroxy-
chloroquine use during the observation period of December 1, 
2014 to May 30, 2017. The primary outcome was incident atrial 
fibrillation, defined as ICD- 10 code I48, and was subsequently 
validated via EHR review and EKG confirmation. For the incident 
event to be attributed to the hydroxychloroquine user group, 
hydroxychloroquine use had to be current at the time of the event. 
Duration of hydroxychloroquine use prior to and dose at the time 
of incident atrial fibrillation were recorded via manual EHR review.

The secondary outcome was a composite of incident ven-
tricular arrhythmias, namely, ventricular fibrillation (VF), ventricular 
tachycardia (VT), or torsades de pointes. Secondary end points 

were also validated via manual EHR review. Eligible patients were 
then matched to prescription claims data provided by a single, 
common integrated delivery and finance system in order to deter-
mine immunosuppressive medication and glucocorticoid use dur-
ing the study period for patients with pharmacy benefits coverage. 
Baseline characteristics were compared between groups, includ-
ing demographic characteristics (age, sex, and ethnicity), risk 
factors for atrial fibrillation and medical comorbidities (body mass 
index, smoking status, alcohol use, diabetes mellitus, hyperten-
sion, coronary artery disease, heart failure, stroke or transient 
ischemic attack, peripheral vascular disease, thyroid disease, 
chronic kidney disease, end- stage renal disease, liver dysfunction, 
obstructive sleep apnea, and chronic obstructive pulmonary dis-
ease), and medication use (immunosuppressive, glucocorticoids, 
and anti arrhythmic medications).

Statistical analyses. Patient follow- up started on Decem-
ber 1, 2014 and continued until the incident atrial fibrillation event, 
death, or end of the observation period. Patient characteristics 
were summarized as mean ± SD for normally distributed varia-
bles, median (interquartile range) for skewed variables, and fre-
quency (%) for categorical variables. A standard t- test was used for 
continuous, normally distributed variables, and the nonparametric 
Wilcoxon’s rank sum test (Mann- Whitney U test) was used for con-
tinuous variables that did not meet normality requirements. Chi- 
square or Fisher’s exact tests were used for categorical variables.

Simple logistic regression (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://onlin elibr 
ary. wiley.com/doi/10.1002/acr.24494/ abstract) and multivariable 
logistic regression models with simple P values less than 0.2 were 
used to assess the relationship between hydroxychloroquine use 
and other covariates (independent variables) and incident atrial 
fibrillation or composite ventricular arrhythmias (dependent varia-
ble). The odds ratio (OR) and 95% confidence interval (95% CI) 
of incident atrial fibrillation for hydroxychloroquine users compared 
with nonusers was calculated, adjusting for covariates. Addition-
ally, to control for confounding by indication, a propensity score 
analysis (1:1 greedy match) for the probability of each patient 
receiving hydroxychloroquine was calculated using a logistic 
regression model; adjusting for age, sex, body mass index, ethnic-
ity, and smoking status was completed as an alternative approach. 
A box plot was used to investigate differences in the  propensity 
score between hydroxychloroquine users and nonusers, and if 
balancing was achieved, then distribution was considered to be 
similar. Subsequently, unadjusted and fully adjusted (age, sex, race, 
alcohol, any anti arrhythmic medication use, hypertension, coro-
nary artery disease, heart failure, cerebrovascular accident/tran-
sient ischemic attack, diabetes mellitus, obstructive sleep apnea, 
peripheral vascular disease, and chronic kidney disease) logistic 
regression models, including the propensity score matched data, 
were used to assess the relationship between hydroxychloroquine 
use and other covariates (independent variables) and incident atrial 

SIGNIFICANCE & INNOVATIONS
• A few in vitro and animal model studies have ex-

plored the anti arrhythmic effect of hydroxychloro-
quine. Chloroquine, a closely related antimalarial, 
has been shown to have more potent antifibrillatory 
properties compared to its parent molecule quini-
dine, a class Ia anti arrhythmic agent. Our study is 
the first to demonstrate hydroxychloroquine’s pro-
tective relationship against incident atrial fibrilla-
tion in patients with systemic lupus erythematosus 
(SLE).

• While hydroxychloroquine is a cornerstone thera-
py in management of SLE, with a favorable safety 
profile, antithrombotic effects, and cardiovascular 
benefits, its protective association against atrial 
fibrillation in our exploratory study is a significant 
finding in light of the high cardiovascular risk in this 
population.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24494/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24494/abstract
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fibrillation or composite ventricular arrhythmias (dependent varia-
bles). All analyses were performed using the Alteryx Designer x64 
2018.3.4 (Alteryx) and SAS Enterprise Guide 7.15 HF3.

RESULTS

A total of 1,647 patients with SLE met the inclusion criteria 
for this study, of which 917 were hydroxychloroquine users and 
730 were nonusers. Overall, the cohort was predominantly female 
(92%) and White (84%), with a mean ± SD age of 53.6 ± 14 years. 
The median (interquartile range) dose of hydroxychloroquine was 
400 mg/day (300– 400) (n = 859 of 917).

Patient demographic and clinical characteristics for the 
hydroxychloroquine users and nonusers are detailed in Table 1. 
Patients in the nonuser group were older and more likely to have 
hypertension and coronary artery disease as compared to hydrox-
ychloroquine users. Prescriptions claims data for immunosup-
pressive and glucocorticoid medication use were available for 865 
patients. Of the 23 incident atrial fibrillation events that occurred 
during the observation period, 3 were in the hydroxychloroquine 
user group, compared to 20 events in the nonuser group. All 3 
atrial fibrillation events in the hydroxychloroquine user group were 

paroxysmal atrial fibrillation, whereas there were 14 paroxysmal, 1 
persistent, 1 permanent, and 4 unspecified atrial fibrillation events 
identified in the nonuser group based on ICD coding. The median 
duration of follow- up in hydroxychloroquine users and nonusers 
with incident atrial fibrillation was 566 days (529– 624 days) and 
830 days (533– 943 days), respectively (P = 0.32). The mean dura-
tion of hydroxychloroquine use prior to incident atrial fibrillation in 
the 3 hydroxychloroquine users was 420 days, and the median 
dose at the time of incident atrial fibrillation was 400 mg/day 
(individual doses of 200 mg/day, 400 mg/day, and 400 mg/day, 
and cumulative doses of 84 grams, 177 grams, and 159 grams, 
respectively, in the 3 patients). Based on manual review of echocar-
diograms of the patients with incident atrial fibrillation, the median 
left atrium size in the hydroxychloroquine users and nonusers was 
4.8 cm (4.6– 4.9) and 4.5 cm (4.3– 4.7), respectively (P = 0.37). 
Additionally, EKG changes in the hydroxychloroquine users and 
nonusers included (in baseline EKGs during study period) median 
P wave duration of 50 msec (40– 60) and 60 msec (60– 80), respec-
tively (P = 0.38), and median PR interval of 160 msec (154– 204) 
and 156 msec (132– 180), respectively (P = 0.55).

Four incident ventricular arrhythmias occurred during the 
study period, of which 1 occurred in the nonusers (VF) and 3 in 

Table 1. Baseline characteristics according to hydroxychloroquine (HCQ) use*

Variable

HCQ  
users  

(n = 917)

HCQ  
nonusers  
(n = 730) P

Demographic characteristic
Age, years mean ± SD 51.8 ± 13.8 55.9 ± 14.6 <0.0001
Women 851 (93) 672 (92) 0.57
White 765 (84) 596 (84) 0.86

Atrial fibrillation risk factors and comorbidities
Age ≥65 years 164 (18) 194 (27) <0.0001
Median (IQR) body mass index, kg/m2 27.7 (23– 33) 27.9 (23– 34) 0.19
Smoking, ever 366 (40) 325 (45) 0.06
Alcohol use 381 (42) 260 (36) 0.014
Hypertension 252 (27) 253 (35) 0.0017
Chronic obstructive pulmonary disease 0 (0) 0 (0) – 
Obstructive sleep apnea 48 (5.2) 34 (4.7) 0.59
Coronary artery disease 37 (4.0) 61 (8.4) 0.0002
Heart failure 27 (2.9) 36 (4.9) 0.037
Diabetes mellitus 68 (7.4) 89 (12) 0.001
CVA/TIA 10 (1.1) 9 (1.2) 0.79
Chronic kidney disease 38 (4.1) 42 (5.8) 0.13
End- stage renal disease 11(1.2) 11(1.5) 0.59
Peripheral vascular disease 9 (0.98) 19 (2.6) 0.012
Thyroid disease 4 (0.44) 4 (0.55) 0.74

Medications
Any anti arrhythmic use 92 (10) 98 (13) 0.032
Beta blockers (metoprolol, propranolol, atenolol) 79 (8.6) 78 (11) 0.16
Calcium channel blockers (diltiazem, verapamil) 16 (1.7) 20 (2.7) 0.17
Other anti arrhythmics (amiodarone, digoxin, flecainide) 6 (0.65) 11 (1.5) 0.089
Immunosuppressives (methotrexate, azathioprine, 

belimumab, and/or cyclophosphamide), no./total no. (%)†
92/520 (18) 42/345 (12) 0.028

Glucocorticoids, no./total no. (%) 286/520 (55) 186/345 (54) 0.75
* Values are the number (%) unless indicated otherwise. CVA/TIA = cerebrovascular  accident  or transient 
ischemic attack; IQR = interquartile range. 
† For methotrexate: n = 59 of 520 HCQ users, n = 31 of 345 HCQ nonusers; azathioprine: n = 44 of 520 HCQ 
users, n = 14 of 345 HCQ nonusers; belimumab: n = 0; cyclophosphamide: n = 0. 
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the hydroxychloroquine users. The 3 events in the hydroxychlo-
roquine users included 2 VT and 1 torsades de pointes, of which 
none were fatal. One of the 4 patients with ventricular arrhythmia 
had a positive SSA antibody test result (hydroxychloroquine user 
with VT).

In simple logistic regression analysis, hydroxychloroquine 
users had a protective effect against atrial fibrillation (OR 0.117 
[95% CI 0.034– 0.39], P = 0.0005). Hydroxychloroquine use was 
not associated with ventricular arrhythmias (OR 2.39 [95% CI 
0.25– 23.0], P = 0.45). The protective relationship with incident 
atrial fibrillation was sustained in the fully adjusted logistic regres-
sion model adjusting for demographics (age, sex, race), comor-
bidities (alcohol, hypertension, diabetes mellitus, coronary artery 
disease, heart failure, cerebrovascular accident/transient ischemic 
attack, obstructive sleep apnea, peripheral vascular disease, 
chronic kidney disease), and medications (any anti arrhythmic 
use) (Table 2).

After the propensity score analysis, hydroxychloroquine 
remained protective against incident atrial fibrillation in a sim-
ple, logistic regression analysis (OR 0.154 [95% CI 0.045– 0.52], 
P = 0.003). Additionally, hydroxychloroquine remained protective 
against incident atrial fibrillation in the multivariable, logistic regres-
sion (OR 0.151 [95% CI 0.04– 0.63], P = 0.009).

DISCUSSION

Atrial fibrillation is the most common cardiac arrhythmia in 
the general population, and patients with SLE are at higher risk 
(2– 4). Hydroxychloroquine is an integral component of care 
for  cutaneous and musculoskeletal manifestations of SLE. The 
 anti arrhythmic effects and impact on heart rate of hydroxychlo-
roquine and its parent molecule chloroquine were documented 
in small studies in the late 1950s (5). From a molecular structure 
standpoint, hydroxychloroquine and chloroquine are derivatives of 
quinine and its stereoisomer quinidine, a class Ia antiarrhythmic 
agent. From a pathophysiology standpoint, more recently, several 
in vitro and animal model studies have illustrated hydroxychlo-
roquine and chloroquine’s inward- rectifier K+ channel blockade 

profile as the primary mechanism for their effectiveness in atrial 
fibrillation (7,9,10). This is also the mechanism of action of several 
Food and Drug Administration– approved antiarrhythmic agents. In 
addition, in patients with SLE, hydroxychloroquine use has been 
associated with a reduced risk of arterial thrombosis, the most 
important cause of cardioembolic stroke in atrial  fibrillation (11,12).

In our cohort of patients with SLE, hydroxychloroquine use 
was independently associated with a protective effect (88% 
decreased risk) against incident atrial fibrillation events. To our 
knowledge, this is the first study to report such an association.

In our cohort, hydroxychloroquine nonusers were found to be 
older with higher frequency of hypertension and coronary artery 
disease, all of which are independent risk factors for atrial fibril-
lation. These variables were adjusted in the multivariable regres-
sion model. In our univariable analysis (see Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24494/ abstract), we found 
a reverse association between alcohol use and atrial fibrillation, 
which is at odds with published data that suggest higher risk with 
heavy alcohol consumption. This could be an incidental finding as 
this was not a study aim, and we did not have data on quantity of 
alcohol consumption.

The 3 ventricular arrhythmia events in the hydroxychloro-
quine users were 2 VTs and 1 torsades de pointes, and none 
were fatal. We did not include sudden death as part of our sec-
ondary outcome, as sudden death could occur as a result of 
nonventricular arrhythmia reasons as well, and none of the 4 
ventricular arrhythmias in our study were fatal events. Few pub-
lished case reports have reported the occurrence of torsades 
de pointes with hydroxychloroquine use, and few studies have 
noted QT prolongation to be more prevalent among SSA-positive 
patients with SLE (13– 15). Due to the small number of ventricular 
arrhythmia events in our cohort, we consider analysis of our sec-
ondary outcome to be limited. This area remains to be studied in 
larger cohorts.

Our study has several methodologic advantages, including 
exclusion of patients with history of atrial fibrillation by manual EHR 
adjudication, utilization of a 1- year run- in period, manual EHR plus 

Table 2. Logistic regression analyses of incident atrial fibrillation and composite ventricular arrhythmias among hydroxychloroquine users 
versus nonusers*

Variable
Atrial 

fibrillation P

Composite 
ventricular 

arrhythmias P
Hydroxychloroquine

Unadjusted 0.117 (0.034– 0.39) 0.0005 2.39 (0.25– 23) 0.45
Fully adjusted multivariable logistic regression† 0.137 (0.033– 0.56) 0.006 4.38 (0.35– 55) 0.25
Unadjusted conditional logistic regression with propensity score 0.154 (0.045– 0.52) 0.003 3.01 (0.31– 29) 0.34
Fully adjusted multivariable conditional logistic regression model with 

propensity score†
0.151 (0.04– 0.63) 0.009 4.86 (0.41– 58) 0.21

* Values are the odds ratio (95% confidence interval) unless indicated otherwise. 
† Multivariable logistic regression included age, sex, race, alcohol use, any anti arrhythmic use, hypertension, diabetes mellitus, coronary artery 
disease, heart failure,  cerebrovascular accident/transient ischemic attack, obstructive sleep apnea, peripheral vascular disease, and chronic 
kidney disease. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24494/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24494/abstract
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EKG confirmation to further enhance validity of incident atrial fibril-
lation, and availability of medication use data.

Limitations of our study include lack of data on SLE disease 
activity indices, incomplete data on duration and cumulative expo-
sure of hydroxychloroquine, and lack of data on duration of SLE. 
Without SLE disease activity data, we were not able to evaluate 
hydroxychloroquine’s antifibrillatory effect mediated specifically by 
better disease control. We also had incomplete prescription claims 
data on use of glucocorticoids and immunosuppressive medica-
tions, which could also impact cardiovascular risk. By nature of 
being observational data, there is potential for confounding by 
indication, which we attempted to minimize by using propensity 
scores for the probability of hydroxychloroquine use.

In conclusion, in our hypothesis- generating study, hydroxy-
chloroquine was associated with a protective effect against inci-
dent atrial fibrillation in patients with lupus. Given the relative safety 
and low cost of hydroxychloroquine, and its favorable antithrom-
botic and cardiovascular risk benefit, a broader investigation of 
hydroxychloroquine in other cohorts or randomized studies to 
confirm its antifibrillatory effect would be warranted.
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Association of Child Abuse and Systemic Lupus 
Erythematosus in Black Women During Adulthood
Yvette C. Cozier,1  Medha Barbhaiya,2  Nelsy Castro- Webb,1 Carolyn Conte,1 Sara Tedeschi,3

Cianna Leatherwood,3 Karen H. Costenbader,3  and Lynn Rosenberg1

Objective. Exposure to psychosocial stressors may contribute to the onset of systemic lupus erythematosus (SLE) 
through dysregulation of the adaptive stress response. The present study was undertaken to assess the relationship 
of childhood physical and sexual abuse to risk of SLE among Black women.

Methods. Using data from the Black Women’s Health Study, we followed 36,152 women from 1995 through 2015 
with biennial questionnaires. Women reported on exposure to abuse during childhood (up to age 11) in 2005. Self- 
reported cases of incident SLE were confirmed as meeting the American College of Rheumatology SLE classification 
criteria by medical record review. Cox proportional hazards regression models were used to estimate hazard ratios 
(HRs) and 95% confidence intervals (95% CIs) for SLE among women exposed to physical or sexual abuse during 
childhood, controlling for potential confounders.

Results. We confirmed 101 cases of incident SLE and identified patients who had completed questions on child 
abuse during 670,822 person- years of follow- up. Both physical and sexual abuse during childhood were associated 
with statistically significant increases in SLE incidence. The HR for SLE associated with ≥2 episodes of severe sexual 
abuse compared to no abuse was 2.51 (95% CI 1.29– 4.85) after adjustment for alcohol consumption, smoking, body 
mass index, oral contraceptive use, age at menarche, and parental education. The multivariable- adjusted HR for SLE 
with ≥5 episodes of severe physical abuse was 2.37 (95% CI 1.13– 4.99).

Conclusion. Our results suggest that sexual and physical abuse during childhood increase SLE risk during adulthood 
among Black women. Research is necessary both to confirm this finding and to understand potential mediating mechanisms.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an inflammatory 
autoimmune disease that affects Black individuals more frequently 
than White individuals, often with more severe manifestations and 
younger onset in Black patients (1). Environmental factors have 
been suggested as playing an important role in the pathogene-
sis of SLE in genetically predisposed individuals and are being 
actively investigated (2). Exposure to psychosocial stressors, such 
as depression and posttraumatic stress disorder (PTSD), have 
been shown to contribute to the onset of SLE and other autoim-
mune diseases (3,4), particularly among genetically predisposed 
individuals (5), through the dysregulation of the adaptive stress 
response (6). Studies linking trauma to psychiatric disorders in 

adulthood (e.g., depression, PTSD, psychosis, and anxiety), dis-
eases such as obesity and cardiovascular disease, and autoim-
mune diseases such as rheumatoid arthritis suggest an important 
role for inflammation (7– 9).

Childhood physical and sexual abuse occur with alarming 
frequency, affecting an estimated 1 in 4 children in their lifetimes 
and 1 in 7 in the past year (10). In nationally representative stud-
ies, Black women consistently report higher rates of childhood 
abuse than White women (11,12), but these differences dimin-
ish with adjustment for socioeconomic status (13). Children who 
experience victimization show elevated levels of inflammatory 
biomarkers several decades later (6,14). Maltreated children in 
a New Zealand cohort had an elevated risk of clinically relevant 
C- reactive protein (CRP) and other inflammation biomarkers at 
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age 32 (6), independent of other key risk factors in childhood and 
adulthood. In an analysis of >17,000 adult members of the San 
Diego Kaiser Foundation Health Plan, childhood traumatic stress 
(including physical, emotional, or sexual abuse) was associated 
with increased likelihood of hospitalization with an autoimmune 
condition in adulthood (14). A recent analysis of 67,500 female 
nurses in the US found a significantly increased risk of SLE among 
those who experienced childhood physical and emotional abuse 
(15). Adverse childhood experiences have also been associated 
with an increased risk of overall poor health (16) and smoking (17). 
Among Black women, studies have found associations with obe-
sity (18), asthma (19), uterine fibroids (20), and breast cancer (21). 
Both smoking and obesity have been independently associated 
with an increased risk of SLE in studies of both White (22,23) and 
Black women (24– 26).

Using data derived from the Black Women’s Health Study 
(BWHS), a prospective cohort study, we investigated the relation-
ship between physical and sexual abuse as a child and risk of SLE 
in adulthood in Black women in the US, a population at high risk of 
SLE. We hypothesized that early life abuse, in particular increased 
severity of abuse, would be associated with increased risk of SLE 
in adulthood.

MATERIALS AND METHODS

BWHS. In 1995, 64,500 Black women ages 21– 69 years 
(median age ±38 years) from the continental US enrolled in the 
BWHS by completing a 14- page health questionnaire; the 59,000 
women whose addresses were considered to be valid 1 year later 
comprise the BWHS cohort that has been followed. The question-
naires were mailed largely to subscribers of Essence magazine, 
who comprise the vast majority of participants. A small percent-
age of participants were members of several professional organi-
zations and friends and relatives of early responders. Only women 

who self- identified as Black or African American were included. 
More than 80% of participants lived in California, Georgia, Illinois, 
Indiana, Louisiana, Maryland, Massachusetts, Michigan, New 
Jersey, New York, South Carolina, Virginia, and the District of 
Columbia. The participants provided demographic, medical, and 
lifestyle information at baseline in 1995 and have been followed 
since then with biennial health questionnaires and yearly linkage 
with the National Death Index. All but 3% of respondents had 
completed high school, and 44% had completed college; 95% 
of participants had been born in the US. Follow- up of the cohort 
has been successful for >85% of potential person- years through 
2015. The Institutional Review Board of Boston University Medical 
Center approved the study, and participants indicated their con-
sent by filling out the questionnaires and signing consent forms for 
obtainment of medical records.

Data collection. At baseline, participants provided data 
on demographics, current weight and height, weight at age 18 
years, medical and reproductive history, vigorous physical activ-
ity, cigarette smoking, alcohol use, and other variables. Self-
completed biennial follow- up questionnaires have been used to 
update various data items.

Abuse victimization. On the 2005 BWHS follow- up question-
naire, participants provided information about abuse victimization 
as a child (up to age 11 years) and as an adolescent (ages 12– 
18 years). We used a 9- item abuse questionnaire adapted from 
the Conflict Tactics Scale and the Pregnancy Abuse Assessment 
Screen (27,28). Response categories were “never,” “1– 3 times,” 
and “≥4 times.” We defined childhood physical abuse as a report 
of a perpetrator having “pushed, grabbed, or shoved me,” “threw 
something at me that could hurt me,” “kicked, bit, or punched me,” 
“hit me with something including hand or fist,” “physically at-
tacked me in some other way,” “choked or burned me,” or “seri-
ously harmed someone I loved” at a frequency of ≥4 times during 
childhood. We defined childhood sexual abuse as a report of a 
perpetrator having “exposed genitals against my will” or “been sex-
ual with me against my will” at a frequency of ≥4 times. To create 
a childhood physical abuse summary score variable, we assigned 
1 point for each report of a physical abuse item that occurred ≥4 
times (severe abuse); to create a childhood sexual abuse summa-
ry category, we assigned 1 point for each report of sexual abuse 
that occurred ≥4 times (18,21,29– 31). We also employed an alter-
nate method for both physical and sexual abuse by assigning 1 
point for each report of 1– 3 episodes and 2 points for each report 
of ≥4 times and then summed the results. Previous analyses in 
the BWHS have utilized these approaches and have found asso-
ciations between childhood abuse victimization and obesity (18), 
asthma (19), uterine fibroids (20), and breast cancer (21).

Covariates. We selected variables related to early childhood 
and adolescent experiences that might be associated with SLE. 
Data on these variables, including age, smoking, body mass in-
dex (BMI), alcohol consumption, oral contraceptive use, and age 

SIGNIFICANCE & INNOVATIONS
• Exposure to psychosocial stressors have been

shown to contribute to the onset of systemic lupus 
erythematosus (SLE) and other autoimmune dis-
eases decades after exposure.

• To our knowledge, this is the largest study to explore
the role of childhood abuse victimization in relation 
to adult- onset SLE in Black women in the US.

• In this study of Black women in the US, physical and
sexual abuse during childhood, in particular severe 
and frequent abuse, was associated with increased 
incidence of SLE during adulthood.

• Our study contributes to a growing body of evi-
dence demonstrating an association between psy-
chosocial factors and SLE; yet it must be considered 
exploratory as it was based on a relatively small 
number of confirmed cases.
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at menarche, were obtained in 1995 and updated on subse-
quent questionnaires. Information on education of parents was 
obtained in 2009.

Cases of SLE. The 1995 questionnaire asked about a list of 
diagnoses that included lupus. Every biennial questionnaire there-
after asked about SLE and the date of diagnosis. The doctors 
of women who gave consent were asked for copies of medical 
records concerning SLE or to fill out a checklist of American Col-
lege of Rheumatology (ACR) criteria met for the SLE diagnosis 
(32,33). As previously described (24,25), medical record review by 
study rheumatologists confirmed cases as fulfilling at least 4 ACR 
classification criteria for SLE. An earlier validation in the BWHS 
found that for the 251 women reporting incident or prevalent SLE 
for whom a physician checklist or medical chart was obtained, 
84% of patients fulfilled ACR criteria for definite or probable SLE 
or had clinical lupus (i.e., an SLE diagnosis recorded in a medical 
chart plus appropriate medication use) (34).

Analytic cohort. The current analysis utilizes data from the 
baseline questionnaire and 10 subsequent follow- up cycles (1995– 
2015). The 2005 questionnaire containing the abuse questions 
was completed by 43,179 participants. We excluded 483 women 
who reported SLE prior to 1995 and 6,544 women with missing 
information on abuse. The remaining 36,152 women comprised 

the analytic cohort. The women in the analytic cohort were similar 
to those excluded in terms of the proportion of SLE cases. There 
were 13 SLE patients among the 6,544 women with missing 
abuse data (0.20%), while there were 101 SLE patients among 
the 36,152 women with abuse data (0.28%).

Statistical analysis. We used Cox proportional hazards 
regression to estimate hazard ratios (HRs) and 95% confidence 
intervals (95% CIs) for the association of physical and sexual 
abuse, separately and combined, during childhood and adoles-
cence with risk of SLE. Women contributed person- time from 
baseline (1995) until SLE diagnosis, death, loss to follow- up, or 
end of follow- up (2015), whichever occurred first. Women who 
reported SLE but for whom we were unable to obtain medical 
records to confirm the diagnosis were censored in the year of 
diagnosis. The Cox models were jointly stratified by age in 1- year 
intervals and questionnaire cycle (model 1). Multivariable models 
for child abuse included age at menarche (<11, 11, 12– 14, and 
≥15 years), BMI at age 18 (<25, 25– 29, ≥30), age that patient 
began smoking (≤14 years or >14 years/never), age that patient 
began alcohol consumption (≤14 years or >14 years/never), 
age of first use of oral contraceptives (≤14 years or >14 years/
never), and parental education (neither parent attended college, 
at least 1 parent attended college, at least 1 parent was a col-
lege graduate).

Table 1. Age- standardized baseline characteristics by child abuse type among 36,152 women who reported abuse during childhood 
in the Black Women’s Health Study*

Characteristic

No childhood  
abuse  

(n = 8,070)

Physical abuse  
only  

(n = 19,274)

Sexual abuse  
only  

(n = 809)

Sexual and  
physical abuse  

(n = 7,999)

Any  
abuse  

(n = 28,082)
Baseline (1995) factors

Age, mean ± SD years 41.5 ± 11.4 39.0 ± 10.5 37.9 ± 10.3 37.5 ± 9.7 38.6 ± 10.3
BMI, mean ± SD kg/m2 27.6 ± 6.4 27.7 ± 6.5 28.2 ± 6.7 28.6 ± 7.1 28.0 ± 6.7
Region of residence

Northeast 28 27 29 29 27
South 32 31 29 27 30

Education, years
≤12 21 16 17 15 16
≥16 45 51 52 48 50

Neighborhood SES
Quintile 1 (low) 19 18 18 19 18
Quintile 5 (high) 18 19 21 18 19

Oral contraceptive use, ever 84 85 84 85 85
Cigarette smoking, ever 32 33 33 39 34
Alcohol intake, ever 40 43 40 45 43

Childhood factors
Parental education, HS or less 45 45 46 46 46
Age at menarche ≤11 years 26 28 33 33 29
Oral contraceptive use ≤14 years 2 2 3 3 2
BMI at age 18 years, mean ± SD kg/m2 21.3 ± 3.9 21.4 ± 4.0 21.7 ± 4.2 21.7 ± 4.3 21.5 ± 4.1
Passive smoking ages 0– 10 years 42 49 45 52 50
Started alcohol intake ≤14 years 1 2 1 3 2
Started smoking ≤14 years 2 3 3 6 4

* Values are the percentage unless indicated otherwise. Values are standardized to the 1995 age distribution of the study population. 
Percentages may not add to 100 because of rounding errors or missing values. BMI = body mass index; HS = high school; SES = 
socioeconomic status. 
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RESULTS

A total of 101 patients with incident SLE who completed 
the child abuse questions were confirmed among 670,822 
person- years between 1995, the start of follow- up for this analy-
sis, and 2015, the last completed follow- up cycle. Among these 
confirmed cases of incident SLE, the mean age at diagnosis 
was 43 years, the mean ± SD number of ACR criteria for SLE 
diagnosis was 5.1 ± 1.4, 66% had a hematologic disorder, and 
33% had a renal disorder. The majority of all exposures to child-
hood and adolescent abuse were reported to have started dur-
ing childhood (83% of all participants returning the questionnaire 
reporting adolescent abuse also reported childhood abuse). As 
only 1 patient with SLE reported new- onset abuse during ado-
lescence, we were unable to analyze abuse beginning in adoles-
cence separately.

As shown in Table 1, physical abuse was reported more 
frequently than sexual abuse. Women who reported physical or 
sexual abuse were younger and heavier during adulthood, had 
an earlier age at menarche, were more likely to smoke or drink 
alcohol and to start at an earlier age, to begin oral contraceptive 
use at an earlier age, and to have a higher level of education than 
women who reported no abuse. Physical and sexual abuse were 
unrelated to region of the country and neighborhood socioeco-
nomic status.

Table 2 provides data on childhood physical and sex-
ual abuse in relation to SLE. HRs of physical and sexual abuse 

associated with SLE that were adjusted for age and questionnaire 
cycle only were similar to those adjusted for age at menarche, BMI 
at age 18 years, age that patient began alcohol consumption, age 
that patient started smoking, age that patient began use of oral 
contraceptives, and parental education. The multivariable HRs for 
every report of sexual abuse only and every report of both physical 
and sexual abuse exceeded 2.0, and the estimate for physical 
and sexual abuse was statistically significant (HR 2.20 [95% CI 
1.14– 4.21]). The multivariable HR for 2 reports of ≥4 episodes 
of sexual abuse was HR 2.51 (95% CI 1.29– 4.85); the HR for ≥5 
reports of ≥4 episodes of physical abuse was HR 2.37 (95% CI 
1.13– 4.99). Analyses using an alternate scoring method for both 
physical and sexual abuse yielded similar estimates.

Table 3 shows HRs for the individual questions that con-
tributed to childhood physical and sexual abuse according to 
the distribution of questionnaire responses. The HRs exceeded 
2.0 and were statistically significant for “choked or burned me,” 
“attacked me in some other way,” “exposed genitals against my 
will,” and “[had] been sexual with me against my will.” The number 
of cases in the highest response category was 3 for “choked or 
burned me” and ≥8 for the other questions.

We sought to address the possibility of recall bias by con-
ducting an analysis restricted to incident cases occurring after 
2005 when the abuse questions were asked. Based on 21 cases 
overall, the HR for the highest category of sexual abuse score was 
2.88 (95% CI 0.84– 9.89); the HR for the highest category of phys-
ical abuse score was 1.68 (95% CI 0.85– 3.35) (data not shown).

Table 2. Hazard ratios (HRs) for systemic lupus erythematosus in relation to type and 
frequency of childhood physical and sexual abuse among 36,152 participants in the Black 
Women’s Health Study followed from 1995 to 2015*

No. of  
cases

Person-   
years

Age-  and 
questionnaire  

period– adjusted
Fully 

adjusted†
Child abuse type‡

None 58 413,173 Ref. Ref.
Physical only 28 212,301 0.91 (0.58– 1.43) 0.90 (0.57– 1.42)
Sexual only 4 12,877 2.11 (0.76– 5.83) 2.04 (0.74– 5.66)
Physical and sexual 11 32,469 2.24 (1.17– 4.27) 2.20 (1.14– 4.21)

Sexual abuse score§
0 86 625,475 Ref. Ref.
1 5 18,956 1.85 (0.75– 4.56) 1.84 (0.74– 4.54)
2 10 26,390 2.57 (1.33– 4.96) 2.51 (1.29– 4.85)

Physical abuse score§
0 62 426,049 Ref. Ref.
1– 2 20 163,969 0.81 (0.49– 1.35) 0.81 (0.48– 1.34)
3– 4 11 59,963 1.20 (0.63– 2.27) 1.19 (0.63– 2.27)
5+ 8 20,840 2.44 (1.16– 5.10) 2.37 (1.13– 4.99)

* Values are the HR (95% confidence interval) unless indicated otherwise. Ref. = reference.
† Adjusted for age that participants began alcohol consumption ≤14 years, age that participants 
began smoking ≤14 years, body mass index at age 18 years, age of first oral contraceptive use 
≤14 years, parental education level, and age at menarche. 
‡ A report of ≥4 instances of each type of abuse. 
§ To create a childhood physical abuse summary score variable, we assigned 1 point for each 
report of a physical abuse item that occurred ≥4 times. To create a childhood sexual abuse 
summary category, we assigned 1 point for each report of sexual abuse that occurred ≥4 times 
(e.g., 0 = 0 reports of abuse occurring ≥4 times, 5 = 5 reports of abuse occurring ≥4 times). 
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DISCUSSION

In the current study, abuse during childhood was associated 
with increased incidence of SLE during adulthood. The increase 
was ~2.5 fold for both physical and sexual abuse. Physical abuse 
was reported more frequently than sexual abuse, and the num-
ber of episodes associated with this increased risk was greater 
for physical abuse (at least 5 reports of physical abuse occur-
ring at least 4 times) than for sexual abuse (2 reports of sexual 
abuse occurring at least 4 times). The numbers of exposed 
cases were insufficient to adequately study physical abuse in the 
absence of sexual abuse, or sexual abuse in the absence of phys-
ical abuse. The actions most strongly associated with increased 

SLE were “choked or burned me,” “attacked me in some other 
way,” “exposed genitals against my will,” and “[had] been sexual 
with me against my will,” but the numbers of exposed cases were 
small, and thus the estimates had wide confidence intervals.

To our knowledge, this is the largest study of abuse victim-
ization in relation to SLE in Black women in the US. Among 269 
prevalent cases of SLE identified in the San Francisco area of Cal-
ifornia, sexual abuse was reported more frequently by case than in 
a comparable sample of patients from the Behavioral Risk Factor 
Surveillance System, of which only 12% were Black (35). Perhaps 
the most relevant studies of other exposures are those of PTSD 
in relation to SLE. A study of Iraq and Afghanistan veterans found 
a higher absolute prevalence of PTSD (5.4% women, 1.7% men) 

Table 3. Hazard ratios (HRs) for systemic lupus erythematosus in relation to individual components of childhood physical and 
sexual abuse among 36,153 participants in the Black Women’s Health Study, 1995– 2005*

No. of  
cases

Person-   
years

Age-  and questionnaire  
period– adjusted

Fully  
adjusted†

Pushed, grabbed, or shoved me
Never 43 263,447 Ref. Ref.
1– 3 times 32 259,416 0.74 (0.47– 1.18) 0.74 (0.47– 1.17)
≥4 times 26 147,958 1.03 (0.632– 1.68) 1.02 (0.62– 1.66)

Threw something at me that could hurt me
Never 65 445,463 Ref. Ref.
1– 3 times 23 169,717 0.90 (0.56– 1.45) 0.89 (0.55– 1.43)
≥4 times 13 55,640 1.52 (0.84– 2.76) 1.49 (0.82– 2.72)

Kicked, bit, or punched me
Never 54 393,854 Ref. Ref.
1– 3 times 30 203,082 1.03 (0.66– 1.62) 1.02 (0.65– 1.59)
≥4 times 17 73,884 1.56 (0.90– 2.70) 1.53 (0.88– 2.65)

Hit me with something including hand and fist
Never 41 265,398 Ref. Ref.
1– 3 times 27 228,708 0.74 (0.45– 1.20) 0.73 (0.45– 1.19)
≥4 times 33 176,714 1.13 (0.72– 1.80) 1.13 (0.71– 1.89)

Choked or burned me
Never 94 642,837 Ref. Ref.
1– 3 times 4 23,042 1.13 (0.42– 3.09) 1.10 (0.40– 3.01)
≥4 times 3 4,942 3.74 (1.18– 11.83)‡ 3.77 (1.19– 11.96)‡

Physically attacked me in some other way
Never 76 544,213 Ref. Ref.
1– 3 times 12 88,082 0.96 (0.52– 1.78) 0.95 (0.52– 1.75)
≥4 times 13 38,526 2.33 (1.29– 4.20)‡ 2.27 (1.26– 4.11)‡

Exposed their genitals against my will
Never 73 548,835 Ref. Ref.
1– 3 times 17 89,646 1.36 (0.81– 2.32) 1.34 (0.79– 2.28)
≥4 times 11 32,339 2.38 (1.26– 4.51)‡ 2.33 (1.23– 4.41)‡

Was sexual with me against my will
Never 77 551,029 Ref. Ref.
1– 3 times 10 80,396 0.85 (0.44– 1.65) 0.84 (0.43– 1.62)
≥4 times 14 39,396 2.38 (1.34– 4.23)‡ 2.33 (1.31– 4.15)‡

Seriously harmed someone I loved
Never 81 569,728 Ref. Ref.
1– 3 times 12 65,883 1.25 (0.68– 2.30) 1.23 (0.67– 2.25)
≥4 times 8 35,209 1.53 (0.74– 3.17) 1.50 (0.72– 3.12)

* Values are the HR (95% confidence interval) unless indicated otherwise. HRs are presented according to the distribution of 
responses to the individual components of abuse. Ref. = reference. 
† Adjusting for age, period, age that participant began alcohol consumption ≤14 years, age that participant began smoking ≤14 
years, body mass index at age 18 years, age of first oral contraceptive use ≤14 years, parental education level, and age at menarche. 
‡ Significant. 
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among those with autoimmune diseases. Veterans of both sexes 
diagnosed with PTSD were at significantly higher risk of diagno-
sis with any autoimmune condition, alone or combined, including 
SLE (36). In a study of predominantly White civilian female nurses, 
PTSD symptoms were associated with a >2- fold increased risk 
of incident SLE among women who experienced any traumatic 
event compared with those unexposed to trauma (4). The PTSD 
exposures studied in both the veterans and nurses were mainly 
adult exposures, whereas we looked at abuse during childhood. 
Another analysis of data from the Nurses’ Health Study II by 
 Feldman et al (15) assessed physical and emotional abuse dur-
ing childhood and controlled for similar covariates (e.g., parental 
education and age at menarche) as in our analysis. Similar to us, 
they found a 2.57-times greater risk of SLE (95% CI 1.30– 5.12) 
related to high levels of childhood exposure relative to low levels. 
They additionally found the association to be partially mediated by 
adult depression and PTSD.

A number of potential mechanisms may explain the asso-
ciation observed between childhood physical and sexual abuse 
and incident SLE. Animal models demonstrate an important link 
between PTSD and increased systemic inflammation via upreg-
ulation of microRNA in the brain, adrenal glands, and blood and 
higher circulating IgM levels (37,38). A meta- analysis of 25 stud-
ies demonstrated the association between childhood trauma 
and elevated levels of inflammatory biomarkers such as CRP, 
interleukin- 6, and tumor necrosis factor at a mean age of ±42 
years (39); in fact, subgroup analyses for specific types of trauma 
(physical, sexual, or emotional) revealed a differential impact on 
inflammatory markers by trauma type. While a number of stud-
ies have demonstrated that childhood trauma may be associated 
with high inflammation levels decades after exposure (6), a recent 
study demonstrated that childhood victimization predicted ele-
vated CRP levels by age 18 years in young women independent 
of genetic and socioeconomic risk of inflammation (40). Addition-
ally, dysregulation of the hypothalamic– pituitary– adrenal axis has 
been implicated as a modulator of inflammatory activity potentially 
leading to activation of the immune system (41).

The current study has several strengths. The data were col-
lected using a prospective cohort study design with a lengthy 
period of follow- up. Validated data collection tools were used to 
assess childhood physical and sexual abuse (21,28,42); these 
instruments have been widely used and demonstrate high repro-
ducibility within the BWHS (29) and in other studies (28,43). Fur-
thermore, factor analysis of BWHS data indicate that the abuse 
questions identified the underlying constructs that they were 
intended to measure (29). Although self- report of child abuse as 
an adult may lead to underreporting of abuse, and thus poten-
tially underestimating the association between child abuse and 
SLE in the current study, self- report measures of child abuse have 
strong discriminant validity for identifying those with a history of 
abuse (44). Potential cases of SLE were reviewed and confirmed 
by study rheumatologists as satisfying accepted classification 

criteria for SLE. Potential childhood and parental confounding 
factors were controlled in the analyses. The questions from the 
Conflict Tactics Scale have been associated with other outcomes 
in the BWHS, including age at menarche and obesity (18), factors 
also known to be associated with SLE. Additionally, the BWHS 
has similar prevalence estimates of childhood abuse compared to 
those found in nationally representative studies (10– 12,16,45,46), 
suggesting that these findings may be generalizable to a broader 
population of Black women in the US.

Study limitations include the cross- sectional nature of data 
collection concerning abuse. Women were followed for SLE inci-
dence from 1995 to 2015, but experiences of abuse during child-
hood were ascertained in 2005. Although experiences of physical 
and sexual abuse victimization in childhood would have preceded 
the occurrence of SLE in the BWHS, the temporal sequence 
of reporting abuse experiences did not precede the diagnosis 
for most cases in our analysis. Thus, recall bias could have occurred 
if women who had SLE overreported abuse or were more likely 
to remember childhood abuse compared to women who did not 
have SLE. Additionally, only those patients with SLE who survived 
until at least 2005 had the opportunity to report their experiences 
of abuse. Therefore, the cases analyzed from 1995 to 2005 may 
underrepresent the most aggressive cases of SLE in the cohort. 
In addition, since there was only 1 case of abuse that began when 
the patient was in adolescence, it was not possible to assess child 
and adolescent abuse separately. We conducted multiple test-
ing (e.g., of the individual questions), which increased the pos-
sibility of false positives. The positive findings in our study need 
to be independently confirmed in other data. Although we did 
account for potentially important childhood and adult confound-
ers, we did not perform mediation analyses to assess whether 
covariates associated with child abuse and SLE (such as cigarette 
smoking, alcohol consumption, obesity, reproductive factors, or 
depression) may actually lie on the causal pathway. Additionally, 
our study did not control for other childhood stressors that may 
be associated with childhood victimization (47). Finally, we were 
unable to assess early- onset SLE (in adolescence), which may be 
particularly related to childhood exposures.

In conclusion, this study suggests that childhood physical 
and sexual abuse, in particular severe and frequent abuse, are 
associated with increased risk of developing SLE among adult 
Black women. Our study contributes to a growing body of evi-
dence demonstrating an association between psychosocial fac-
tors and SLE. However, the study must be considered exploratory, 
as it is the first to assess abuse in childhood and adolescence in 
relation to SLE, and it was based on small numbers of exposed 
cases. Confirmation in other data are required, and identification 
of biologic pathways could provide insight into disease etiology.
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Variability in Interpretation of Magnetic Resonance 
Imaging of the Pediatric Sacroiliac Joint
Pamela F. Weiss,1  Timothy G. Brandon,2  John Bohnsack,3 Merav Heshin- Bekenstein,4

Michael L. Francavilla,1 Jacob L. Jaremko,5 Lester Liao,5 Anne McHugh,6 Edward J. Oberle,7

Dax Rumsey,5 Hemalatha Srinivasalu,8 Matthew L. Stoll,9 and Nancy A. Chauvin10

Objective. Magnetic resonance imaging (MRI) is pivotal in the assessment of early sacroiliitis in children. We aimed 
to evaluate the agreement between local radiology reports and central imaging reviewers for active inflammation and 
structural damage at the sacroiliac (SI) joints.

Methods. Eight hospitals each contributed up to 20 cases of consecutively imaged children and adolescents 
with juvenile idiopathic arthritis and suspected sacroiliitis. Studies were independently reviewed by 3 experienced 
musculoskeletal pediatric radiologists. Local assessments of global impression and lesions were coded from the 
local radiology reports by 2 study team members. Test properties of local reports were calculated using the central 
imaging team’s majority as the reference standard.

Results. For 120 evaluable subjects, the median age was 14 years, half of the cases were male, and median disease 
duration at the time of imaging was 0.8 years (interquartile range 0– 2). Sensitivity of local reports for inflammation was 
high, 93.5% (95% confidence interval [95% CI] 78.6– 99.2), and specificity was moderate, 69.7% (95% CI 59.0– 79.0),  
but positive predictive value (PPV) was low, 51.8% (95% CI 38.0– 65.3). Twenty- seven cases (23%) had active 
inflammation reported locally but rated normal at the central reading, 19 (70%) with subsequent medication changes. 
The sensitivity of local reports detecting structural damage was low, 45.7% (95% CI 28.8– 63.4), and specificity was 
high, 88.2% (95% CI 79.4– 94.2); PPV was low, 61.5% (95% CI 40.6– 79.8).

Conclusion. Substantial variation exists in the interpretation of inflammatory and structural lesions at the SI joints 
in children. To reliably identify pathology, additional training in the MRI appearance of the maturing SI joint is greatly 
needed.

INTRODUCTION

Imaging plays an increasingly important role in the assess-
ment of suspected sacroiliitis in children, and magnetic reso-
nance imaging (MRI) is the gold standard for evaluation of early 
disease. MRI findings consistent with sacroiliitis greatly influence 
treatment decisions for children, particularly the use of costly 
biologic therapy, and this fact underscores the importance of 
accurately diagnosing these patients to avoid both under-  and 
overtreatment. In 2019, the American College of Rheumatology/

Arthritis Foundation Guidelines advised that adding a tumor 
necrosis factor inhibitor is strongly recommended for children 
with continued active sacroiliitis despite nonsteroidal antiinflam-
matory drug monotherapy (1). MRI is used as the determining 
factor for defining sacroiliitis in those guidelines. Standard pelvic 
MRI sequences in children can be difficult to interpret, given the 
age- related changes that are primarily driven by marrow and car-
tilage maturation. To accurately identify pathology at the sacroil-
iac (SI) joints, the normal features of the maturing joint are critical 
to recognize.
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Unfortunately, reference data for the appearance of 
the maturing skeleton are scarce. In 2019, the first article to doc-
ument the physiologic changes in metaphyseal equivalent signal 
intensity in healthy children and adolescents was published by 
Chauvin et al (2). The key findings of that article were that pre-
pubertal children frequently have homogeneous and symmetric 
increased metaphyseal- equivalent signal intensity along the sacral 
apophyses on fluid- sensitive sequences. During adolescence, 
this bright signal decreases with increased skeletal maturity. 
Chauvin et al also found that cortical irregularities are common, 
especially along the iliac surface of the joint, and that such irreg-
ularities were most prevalent in peripubertal children. These find-
ings supported the results of an earlier autopsy- based study (3), 
which reported that the SI bony surfaces are smooth until puberty; 
after puberty, bony ridges and grooves can be seen, primarily on 
the ilium. Radiologists and rheumatologists need to recognize 
these features as variations in normal anatomy so that they are 
not mistaken for erosions, resulting in misdiagnosis and potentially 
unwarranted biologic therapy.

In clinical practice across institutions in the US and Canada, 
there is considerable variation in the musculoskeletal expertise 
and training of radiologists who interpret pelvic imaging for sus-
pected sacroiliitis. This variability in training, along with unfamiliarity 
with the normal physiologic changes that occur at the maturing SI 
joint, raise concern that there are differences in interpretation of 
pathology both within and across institutions. In a single center 
study from the UK, interrater reliability was low to moderate for 
detection of bone marrow edema and erosion in children (4). We 
aimed to test the concordance of local interpretation of pelvic 
imaging from multiple sites across the US and Canada with that of 
a central imaging team with extensive experience evaluating the 
pediatric SI joint.

PATIENTS AND METHODS

The protocol for this multicenter study was reviewed and 
approved by the Children’s Hospital of Philadelphia’s Committee 
for the Protection of Human Subjects (IRB 17- 014278). A waiver 
of consent/parental permission, a waiver of assent, and a waiver 
of Health Insurance Portability and Accountability Act authoriza-
tion were granted for this retrospective study.

Subjects and study sites. Subjects were a retrospective 
convenience sample of children and adolescents who were con-
secutively imaged for suspicion of inflammatory sacroiliitis from 8 
tertiary care children’s hospitals across North America. Inclusion 
criteria were: 1) male or female patients, ages 6– 17 years at the 
time of clinical care, 2) patients who underwent MRI of the pelvis 
for suspected sacroiliitis between January 1, 2015 and July 1, 
2017, 3) MRI sequences that included a coronal T1- weighted and 
fluid- sensitive sequence (e.g., short tau inversion recovery or T2- 
weighted fat- saturated) with dedicated views of the SI joint, and 4)  
all subjects meeting the International League of Associations 
for Rheumatology (ILAR) juvenile idiopathic arthritis (JIA) criteria 
for enthesitis- related arthritis (ERA) or psoriatic arthritis. Children 
who met ERA criteria but were classified as having undifferen-
tiated arthritis secondary to having a first- degree relative with 
psoriasis were also eligible. Cases were excluded if the front- line 
local radiologist was one of the musculoskeletal radiologists on 
the central imaging review team. Each site contributed up to 20 
consecutive cases that met inclusion criteria.

Data. Data elements that were abstracted for each case 
included demographics (age, sex, race), ILAR JIA category, 
disease duration, indication for imaging, digital MRI scan, local 
radiologist report, radiologist experience (completed pediatric 
radiology fellowship, completed musculoskeletal fellowship, self- 
identification as a musculoskeletal radiologist, none of the above), 
the treating rheumatologist’s interpretation of local radiology report 
(consistent with sacroiliitis yes/no), and documentation of changes 
to treatment regimen made based on local radiology report (yes/
no). All local radiology reports were recorded at the point of care 
at each of the participating institutions and was done according 
to institutional standards. The central imaging team reviewed the 
MRI scans blinded to the local radiology report and all clinical 
details.

Prior to central imaging team review, all local radiologist find-
ings were coded separately by 2 individuals (PFW and TGB) for 
the presence or absence of language in the local report indicating 
the following: bone marrow edema, erosion, sclerosis, and anky-
losis. If a lesion was not noted in the report, we assumed it was 
absent. The global impression of sacroiliitis was coded based on 
the “Impression” section of the radiology report. If the impression 
did not differentiate between active inflammation and chronic sac-
roiliitis, cases were coded as “active inflammation” if bone marrow 

SIGNIFICANCE & INNOVATIONS
• Imaging of the sacroiliac joint is challenging to in-

terpret given the changes that occur with matura-
tion.

• Significant variation and discordance exist in the in-
terpretation of inflammatory and structural lesions 
at the sacroiliac joint in children across children’s 
hospitals in North America.

• Findings consistent with active sacroiliitis on mag-
netic resonance imaging (MRI) greatly influence 
treatment decisions for children, particularly the 
use of costly biologic therapy, and underscore the 
importance of accurately diagnosing these patients 
to avoid both under-  and overtreatment.

• Additional training for both radiologists and rheu-
matologists (adult and pediatric providers) in iden-
tifying active sacroiliitis on MRI in the maturing 
sacroiliac joint may improve the reliability of sacro-
iliac joint MRI interpretations.
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edema in or along the SI joints was noted in the “Findings” section 
of the report. Discordant cases were reviewed and discussed until 
consensus was reached.

The central imaging team consisted of 3 radiologists (MLF, 
JLJ, and NAC) with extensive experience interpreting SI imaging 
in children. Two of the 3 raters (MLF and NAC) participated in a 
study that included review of SI imaging of 70 healthy children 
ages 7– 18 years (2). All 3 central raters have been extensively 
calibrated to review inflammatory and structural lesions at the 
SI joint (5– 8). Digital Imaging and Communications in Medicine– 
based anonymized cases were scored in randomized order, and 
study data were collected and managed using REDCap electronic 
data capture tools hosted at the Children’s Hospital of Philadel-
phia (9). The Assessment of Spondyloarthritis international Society 
(ASAS) MRImagine consensus- based electronic case report form 
for recording MRI data was used to capture the following: global 
impression of acute/active inflammatory lesions compatible with 
sacroiliitis (yes/no), subchondral bone marrow edema, and global 
impression of structural lesions typical of axial spondyloarthritis: 
sclerosis, erosion, and ankylosis (10,11).

Lesions were rated according to previously published ASAS 
MRI definitions (12). The ASAS MRImagine case report form col-
lects data on sidedness (left/right) and quadrant location (upper/
lower and iliac/sacrum). All MRI scoring was dichotomized as either 
present (lesion noted in any quadrant on either the right or left SI 
joints) or absent for the analysis. All cases were reviewed by 2 cen-
tral raters (MLF, JLJ, or NAC), who were blinded to clinical details 
and the local radiology report. When there was disagreement 
between the 2 raters regarding the presence or absence of inflam-
matory or structural lesions, the third radiologist, blinded to the type 
of lesion discrepancy, provided his/her interpretation of the case.

Statistical analysis. Subject demographic characteristics 
and local and central raters’ assessments of lesions and global 
impression were summarized by frequencies and percentages 
or medians and interquartile ranges (IQRs). To compare local 

and central imaging assessment for lesions, all MRI scoring was 
dichotomized to either present or absent. Sensitivity, specific-
ity, positive predictive value (PPV), and negative predictive value 
(NPV) were calculated to assess the performance of local reports 
in identifying active inflammation and lesions (present yes/no) 
using central impression of active inflammation and lesions (pres-
ent yes/no) as the reference standard. The level of agreement 
between central reviewers and local reports, as well as among 
the central reviewers, was measured using percent agreement 
and raw concordance frequencies. Kappa coefficient was not 
included because it is highly dependent on the prevalence of 
the measured characteristic and assumes raters are the same 
for all subjects. All analyses were performed using Stata software, 
version14.2.

RESULTS

We enrolled 126 subjects to generate an evaluable popula-
tion of 120 patients from 8 institutions across North America. Six 
cases were excluded due to failed transfer of files (n = 5) and age 
outside eligibility range (n = 1). The median age was 14 years (IQR 
11.4– 16) and half of all subjects were male. The majority of sub-
jects were White/Caucasian (76.8%) and had a diagnosis of ERA 
(82.4%). The median disease duration at the time of imaging was 
0.8 years (IQR 0– 2), and the most frequent indication for imaging 
was back pain (65%). Local radiologist fellowships were primar-
ily completed in pediatrics (96.7%), with 6.7% having completed 
a musculoskeletal- specific fellowship. Only 14.2% of local radiol-
ogists self- identified as a musculoskeletal radiologist. Local radiol-
ogists had a median of 12.8 years (range 0– 43 years)  experience 
as an attending physician.

Percent agreement on the presence/absence of active 
inflammation and chronic lesions was high among the central 
radiologists, 84% (95% confidence interval [95% CI] 79– 89) and 
86% (95% CI 81– 91), respectively. The frequency of findings from 
the local radiology reports and the central imaging reviewers are 

Table 1. Frequency of active inflammation and chronic lesions at the sacroiliac joints on MRI noted 
by local radiology reports and central radiologists across sites*

Active inflammation† Chronic lesions‡

Site No. Local report Central reviewers Local report Central reviewers
All 120 56 (46.7) 31 (25.8) 26 (21.7) 35 (29.2)
1 20 5 (25) 2 (10) 4 (20) 5 (25)
2 13 7 (53.8) 4 (30.8) 6 (46.2) 7 (53.8)
3 20 8 (40) 1 (5) 1 (5) 4 (20)
4 9 8 (88.9) 7 (77.8) 6 (66.7) 7 (77.8)
5 11 3 (27.3) 2 (18.2) 1 (9.1) 1 (9.1)
6 20 14 (70) 6 (30) 2 (10) 2 (10)
7 13 4 (30.8) 5 (38.5) 4 (30.8) 6 (46.2)
8 14 7 (50) 4 (28.6) 2 (14.3) 3 (21.4)

* Values are the frequency (%) unless indicated otherwise. MRI = magnetic resonance imaging. 
† Defined as presence of acute/active inflammatory lesions (bone marrow edema) compatible with 
sacroiliitis. 
‡ Presence of chronic lesions included erosion, sclerosis, fat metaplasia, and ankylosis. 
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shown in Table 1. Overall, subchondral bone marrow edema was 
noted more frequently by the local radiology reports (41.7%) than 
by the central reviewers (29.2%) across all sites except 2. Two 
examples of discordant local and central ratings for bone marrow 
edema are shown in Figure 1 (female patient, age 11 years) and 
Figure 2 (female patient, age 9 years). The frequency of chronic 
lesions indicative of structural damage (erosion, sclerosis, anky-
losis) was noted more frequently by the central reviewers (29.2%) 
than by local reports (21.7%). An example of discordant local 
and central ratings for chronic lesions is shown in Figure 3 (male 
patient, age 17 years).

Table 2 shows the sensitivity, specificity, PPV, and NPV of 
local radiology reports in identifying active sacroiliitis and the pres-
ence of any chronic lesions using the central radiologists’ find-
ings (yes/no) as the reference standard. The sensitivity for active 
sacroiliitis on MRI, as depicted by subchondral marrow edema 
on fluid- sensitive sequences, was high and ranged from 80% to 
100% across sites, with an overall sensitivity of 93.5% (95% CI 
78.6– 99.2). Specificity ranged from 0% to 100% across sites, 

with an overall specificity of 69.7% (95% CI 59.0– 79.0). The PPV 
ranged widely from 12.5% to 100%, with an overall PPV of 51.8% 
(95% CI 38.0– 65.3). The NPVs were high (95% CI 88.9– 100) for 
all sites except 1.

Table 3 gives the rates of concordance and discordance for 
active inflammation and any chronic lesion. Across sites, the rate 
of discordance for active inflammation negative locally/positive 
centrally was very low (<2%). However, the rate of discordance 
for active inflammation positive locally/negative centrally ranged 
from 0% to 40%, with an overall discordance of 22.5% (27 of 120) 
across sites (Figures 1 and 2). Of those cases that were inter-
preted as active inflammation by the local radiologist but not by 
the central team, the median age was 13.4 years (IQR 11– 16). 
Five cases were prepubertal (age <11 years), 8 were peripubertal 
(ages 11– 13 years), and the remaining 14 were approaching skel-
etal maturity (ages 14– 17 years).

In a sensitivity analysis that excluded all studies with any 
quality issues (n = 15) or missing coronal oblique sequences 
(n = 13), the rates of discordance were approximately the same 

Figure 2. Representative short tau inversion recovery images of the sacrum in a female patient, age 9 years. A and B, Coronal oblique 
image of the sacrum shows homogeneous increased signal intensity within the periphery of the sacral ala and ilium, representing physiologic 
metaphyseal equivalent signal in the apophyses. Metaphyseal equivalent signal is more pronounced in this 9- year- old compared with the 
appearance of the older 11- year- old in Figure 1. The increased signal extends along the entire sacrum (solid arrow) as well as along the cartilage 
between the sacral bodies (broken arrow). C, Axial T2- weighted fat- saturated image through the sacroiliac joints shows the metaphyseal 
equivalent increased signal along both aspects of the joint (solid arrows) which is similar in signal along the iliac crest apophyses (*). Local report 
interpretation: bone marrow edema present and indicative of sacroiliitis; central majority interpretation: normal.

Figure 1. Representative short tau inversion recovery images of the sacrum in a female patient, age 11 years. A, Coronal oblique image 
of the sacrum shows homogeneous increased signal intensity within the periphery of the sacral ala, which appears uniform in thickness and 
symmetric. Homogenous increased signal intensity represents physiologic metaphyseal equivalent signal in the apophyses. The increased 
signal extends along the entire sacrum (solid arrow), not just the articular aspect, as well as within the cartilage between the sacral bodies 
(broken arrow). B, Axial T2- weighted fat- saturated image through the sacroiliac joints shows the hyperintense metaphyseal equivalent signal 
(solid arrows). Of note, the signal intensity is similar to the metaphyseal equivalent signal along the iliac crest apophyses (broken arrows). Local 
report interpretation: bone marrow edema present and indicative of sacroiliitis; central majority interpretation: normal.
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(total unique excluded n = 24). The PPV and NPV for active 
inflammation were 50.0% (95% CI 34.6– 65.4) and 98.1% (95% 
CI 89.9– 100), respectively. The PPV and NPV for chronic lesions 
were 60.0% (95% CI 36.1– 80.9) and 81.6% (95% CI 71.0– 89.5), 
respectively.

In a second sensitivity analysis using only cases with total 
central radiologist agreement (no adjudication required), overall 
diagnostic test statistics were unchanged for active inflamma-
tion, with PPV and NPV of 52.4% (95% CI 36.4– 68.0) and 95.9% 
(95% CI 86.0– 99.5), respectively. PPV was slightly improved for 
the presence of chronic lesions at 70.0% (95% CI 45.7– 88.1), and 
NPV was unchanged at 81.9% (95% CI 71.1– 90.0).

The treating rheumatologist’s interpretation of the study, as 
documented in the medical records (consistent with sacroiliitis 
yes/no), was in agreement with the local radiology report (sacro-
iliitis yes/no) for 88% of cases. Rheumatologists interpreted the 
case as negative when sacroiliitis was noted on the radiology 
report in 2 cases and in 12 cases interpreted the case as positive 
despite negative radiology reports. Of these discrepancies, the 
central radiologists agreed with the rheumatologist on both of the 
positive to negative calls and on only 1 of the 12 negative to posi-
tive calls. Of the 56 cases in which active inflammation was noted 
in the local radiology report, changes were made to the treatment 
regimen in 43 cases (76.8%). Nineteen of the 43 with medication 

Figure 3. Representative T1- weighted coronal oblique image of the sacrum in a male patient, age 17 years. A, Dorsal aspect of the joint 
demonstrates hypointense signal along the left iliac wing, which extends >5 mm from the articular surface, indicative of sclerosis (solid arrows). 
B, Representative image along the ventral aspect of the joint shows extensive erosive change along the articular surface of the left iliac bone 
with loss of the normal cortex (solid arrows). There is early erosive change along the articular surface of the left sacrum with loss of the normal 
cortex (arrowhead). A small erosion is also seen within the right upper ilium (broken arrow). Local report interpretation: no structural changes 
noted; central majority interpretation: chronic inflammatory changes, including sclerosis and erosions.

Table 2. Test properties of local radiology reports for detection of active inflammation and chronic lesions at 
the sacroiliac joints on MRI using majority central radiologists’ interpretation as the reference standard*

Site No. Sensitivity Specificity PPV NPV
Active inflammation†

All 120 93.5 (78.6– 99.2) 69.7 (59– 79) 51.8 (38– 65.3) 96.9 (89.2– 99.6)
1 20 100 (15.8– 100) 83.3 (58.6– 96.4) 40 (5.3– 85.3) 100 (78.2– 100)
2 13 100 (39.8– 100) 66.7 (29.9– 92.5) 57.1 (18.4– 90.1) 100 (54.1– 100)
3 20 100 (2.5– 100) 63.2 (38.4– 83.7) 12.5 (0.3– 52.7) 100 (73.5– 100)
4 9 85.7 (42.1– 99.6) 0 (0– 84.2) 75 (34.9– 96.8) 0 (0– 97.5)
5 11 100 (15.8– 100) 88.9 (51.8– 99.7) 66.7 (9.4– 99.2) 100 (63.1– 100)
6 20 100 (54.1– 100) 42.9 (17.7– 71.1) 42.9 (17.7– 71.1) 100 (54.1– 100)
7 13 80 (28.4– 99.5) 100 (63.1– 100) 100 (39.8– 100) 88.9 (51.8– 99.7)
8 14 100 (39.8– 100) 70 (34.8– 93.3) 57.1 (18.4– 90.1) 100 (59– 100)

Chronic lesions‡
All 120 45.7 (28.8– 63.4) 88.2 (79.4– 94.2) 61.5 (40.6– 79.8) 79.8 (70.2– 87.4)
1 20 40 (5.3– 85.3) 86.7 (59.5– 98.3) 50 (6.8– 93.2) 81.3 (54.4– 96)
2 13 57.1 (18.4– 90.1) 66.7 (22.3– 95.7) 66.7 (22.3– 95.7) 57.1 (18.4– 90.1)
3 20 25 (0.6– 80.6) 100 (79.4– 100) 100 (2.5– 100) 84.2 (60.4– 96.6)
4 9 71.4 (29– 96.3) 50 (1.3– 98.7) 83.3 (35.9– 99.6) 33.3 (0.8– 90.6)
5 11 0 (0– 97.5) 90 (55.5– 99.7) 0 (0– 97.5) 90 (55.5– 99.7)
6 20 50 (1.3– 98.7) 94.4 (72.7– 99.9) 50 (1.3– 98.7) 94.4 (72.7– 99.9)
7 13 33.3 (4.3– 77.7) 71.4 (29– 96.3) 50 (6.8– 93.2) 55.6 (21.2– 86.3)
8 14 33.3 (0.8– 90.6) 90.9 (58.7– 99.8) 50 (1.3– 98.7) 83.3 (51.6– 97.9)

* Values are the percentage (95% confidence interval) unless indicated otherwise. MRI = magnetic resonance 
imaging; NPV = negative predictive value; PPV = positive predictive value. 
† Defined as presence of acute/active inflammatory lesions (bone marrow edema) compatible with sacroiliitis. 
‡ Presence of chronic lesions included erosion, sclerosis, fat metaplasia, and ankylosis. 



WEISS ET AL 846       |

changes (44.2%) were interpreted as not consistent with inflam-
mation by the central reviewers.

DISCUSSION

We found a wide range of discrepancies between local and 
central radiologist interpretations of active and chronic sacroiliitis in 
pediatric SI joint MRI. These results highlight the fact that imag-
ing of this joint is challenging to interpret. Key challenges include 
the age- related changes of the metaphyseal equivalent signal in 
the sacral apophyses and lack of materials available to familiarize 
radiologists with these changes. The high sensitivity for detec-
tion of active inflammation indicates that very few cases of active 
sacroiliitis were missed by local radiologist reports. However, the 
PPV was low, indicating frequent false positive results, presumably 
driven by age- related increased metaphyseal signal intensity being 
assessed as pathologic subchondral bone marrow edema. The 
sensitivity and PPV for chronic lesions were low. There was a high 
rate of agreement between the treating rheumatologists and local 
radiology reports. This agreement may be due to several factors, 
including collaboration and familiarity with team members at each 
hospital, the fact that many rheumatologists may not independently 
review imaging studies and instead rely on the radiology interpre-
tation, and the fact that the issues that obscure interpretation of 
SI imaging may affect both radiologists and rheumatologists. Local 
radiology reports indicating active inflammation resulted in treatment 

changes by the rheumatologist for over 75% of cases, and almost 
half of these were interpreted as not consistent with active inflam-
mation by the central reviewers. This inconsistency has important 
implications for children in regard to unnecessary exposure to bio-
logic medications, potential side effects, and health care costs.

Our findings must be interpreted in the setting of several cave-
ats. First, there was no standardized assessment for local interpre-
tation, and imaging results were recorded according to institutional 
standards. Additionally, lesions were defined locally according to 
the clinical experience and training of the radiologist at the point 
of care. However, this variability was what this study aimed to 
capture. Second, the central imaging team was blinded to clinical 
details of the cases, whereas local radiologists had access to clini-
cal information within the patient medical record, prior MRI studies 
(when available), and other imaging modality results. Local findings 
used for this analysis only represent abnormalities and impressions 
included in the radiology report and do not capture any consulta-
tion or dialogue that happened among the clinicians outside the 
MRI result report. If a second local radiologist had interpreted the 
study and adjudication was done where there was disagreement, 
the results may have been different. However, this study aimed to 
assess the accuracy of the clinical reports recorded in the medical 
chart and used to guide clinical decision- making at the point of 
care, not the accuracy of the individual radiologists.

Third, the imaging quality of the studies was highly variable, 
even within the same institution. Poor study quality can impact 

Table 3. Rates of concordance and discordance of active inflammation and chronic lesion 
detection at the sacroiliac joint on MRI between central radiologists and local radiology reports*

Site No.
Central (+)/

local (+)
Central (+)/

local (– )
Central (– )/

local (+)
Central (– )/

local (– )
Active inflammation†

All 120 29 (24.2) 2 (1.7) 27 (22.5) 62 (51.7)
1 20 2 (10) 0 (0) 3 (15) 15 (75)
2 13 4 (30.8) 0 (0) 3 (23.1) 6 (46.2)
3 20 1 (5) 0 (0) 7 (35) 12 (60)
4 9 6 (66.7) 1 (11.1) 2 (22.2) 0 (0)
5 11 2 (18.2) 0 (0) 1 (9.1) 8 (72.7)
6 20 6 (30) 0 (0) 8 (40) 6 (30)
7 13 4 (30.8) 1 (7.7) 0 (0) 8 (61.5)
8 14 4 (28.6) 0 (0) 3 (21.4) 7 (50)

Chronic lesions‡
All 120 16 (13.3) 19 (15.8) 10 (8.3) 75 (62.5)
1 20 2 (10) 3 (15) 2 (10) 13 (65)
2 13 4 (30.8) 3 (23.1) 2 (15.4) 4 (30.8)
3 20 1 (5) 3 (15) 0 (0) 16 (80)
4 9 5 (55.6) 2 (22.2) 1 (11.1) 1 (11.1)
5 11 0 (0) 1 (9.1) 1 (9.1) 9 (81.8)
6 20 1 (5) 1 (5) 1 (5) 17 (85)
7 13 2 (15.4) 4 (30.8) 2 (15.4) 5 (38.5)
8 14 1 (7.1) 2 (14.3) 1 (7.1) 10 (71.4)

* Values are the number (%) unless indicated otherwise. Central = central radiologist reviewers; 
Local = local radiology report; MRI = magnetic resonance imaging; (+) = positive for active inflam-
mation or presence of chronic lesions; (– ) = negative for active inflammation or presence of chronic lesions. 
† Defined as presence of acute/active inflammatory lesions (bone marrow edema) compatible with 
sacroiliitis. 
‡ Presence of chronic lesions included erosion, sclerosis, fat metaplasia, and ankylosis. 
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the ability to make accurate and reliable assessments of inflam-
matory and structural lesions at the SI joint (13). For example, not 
all studies contained a coronal oblique view of the SI joint, making 
visualization of the synovial part of the joint more difficult. However, 
we found that even when studies of suboptimal quality or stud-
ies missing the coronal oblique view were excluded from analysis, 
the rates of discordance remained high.

Fourth, there is a possibility of sampling error because only 
a small number of studies (up to 20) were evaluated from each 
institution. Since site collaborators were instructed to choose con-
secutive studies, we anticipate the samples are representative of 
the case mix seen at varying time points. In addition, because 
all of the patients had juvenile arthritis, the prevalence of sacro-
iliitis was higher than would be expected in a study of otherwise 
healthy children with inflammatory back pain. Therefore, con-
clusions of this study cannot necessarily be extrapolated to that 
larger group of patients. Next, although the agreement among 
the central reviewers was high, it was not perfect, and several 
cases required adjudication. In a sensitivity analysis using only 
cases with total central radiologist agreement, overall diagnostic 
test statistics were largely unchanged for active inflammation and 
slightly improved for the presence of chronic lesions. Lastly, the 
imaging studies at each institution were read by multiple radiolo-
gists, and the interpretations at each site were considered collec-
tively. Therefore, these results reflect the average SI imaging milieu 
across sites and are not reflective of anyone’s individual perfor-
mance. Perhaps most importantly, we note that a true external 
gold- standard pathologic diagnosis of sacroiliitis was not available 
in any case. This study focused on assessment of the reliability of 
MRI interpretations, not the accuracy of MRI findings in terms of 
diagnosis and clinical outcomes.

Recognizing inflammatory change from physiologic changes of 
the maturing SI joint is essential for radiologists interpreting pediatric 
pelvic MRI scans. Deficiencies in pediatric musculoskeletal imaging 
evaluation may be due to limitations of experience during fellow-
ship training as well as to lack of available online educational tools 
focused on pediatric musculoskeletal radiology. Pediatric radiology 
fellowships are characterized by a diversity of educational experi-
ence, and perhaps a more formal needs assessment should be 
conducted to evaluate perceived deficiencies. In a study by Yablon 
et al (14), a needs assessment of musculoskeletal radiologists was 
performed to evaluate their musculoskeletal training experience. 
While the musculoskeletal radiologists believed that they were ade-
quately trained for practice, pediatric musculoskeletal imaging was 
acknowledged to be a deficiency. To our knowledge, there is no MRI 
atlas that depicts the normal appearance of the maturing SI joint.

After review of our results, most of the discordance is per-
ceived to be error differentiating normal physiologic metaphyseal 
equivalent signal from pathologic subchondral marrow edema. 
Five misclassified cases were prepubertal, 8 were peripubertal, 
and the remaining 14 were approaching skeletal maturity. In the 
study by Chauvin et al, increased signal on fluid- sensitive signal 

within the sacral metaphyseal equivalents was common along the 
healthy SI joint in all 3 of these groups, though less frequent as 
skeletal maturation was reached (2). One factor that aids in dis-
tinguishing normal physiologic metaphyseal signal from inflamma-
tory edema on fluid- sensitive sequences is that the normal signal 
is uniform and symmetric, and that it follows the contours of the 
articular surface and extends along the length of the sacrum, infe-
rior to the articulation.

In summary, we found that significant variation and discord-
ance exist in the interpretation of inflammatory and structural 
lesions at the SI joint in children across children’s hospitals in North 
America. Additional training for both radiologists and rheumatolo-
gists (adult and pediatric providers) in identifying active sacroiliitis 
on MRI in the maturing SI joint may improve the reliability of SI joint 
MRI interpretations. Diagnosis and treatment decisions for chil-
dren never rely solely on imaging results and do take into account 
aspects of disease that are not reflected in the imaging results, 
such as patient/family preferences. However, improving the reli-
ability of interpretations of pathology at the SI joint will increase 
the utility of MRI in the management of pediatric spondyloarthritis.
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Ultrasound- Guided Biopsy of Suspected Salivary Gland 
Lymphoma in Sjögren’s Syndrome
Alan N. Baer, Thomas Grader- Beck, Brendan Antiochos, Julius Birnbaum, and Joel M. Fradin

Objective. To evaluate the safety and utility of core needle biopsy (CNB) for diagnosis of salivary gland lymphoma 
in Sjögren’s syndrome (SS).

Methods. We analyzed data from consecutive SS patients who underwent ultrasound- guided major salivary gland 
CNB for lymphoma diagnosis and determined whether CNB yielded an actionable diagnosis without need for further 
intervention.

Results. CNBs were performed in 24 patients to evaluate discrete parotid (n = 6) or submandibular (n = 2) gland 
masses or diffuse enlargement (n = 16; 15 parotid). One patient had 3 CNBs of the same mass. Of the 26 CNBs, 24 
included flow cytometry, using CNB and/or fine needle aspirate material, and 14 targeted sonographically identified 
focal lesions. No patient reported complications. In the 23 patients with 1 CNB, final diagnoses were marginal 
zone lymphoma of mucosa- associated lymphoid tissue (MALT; n = 6), atypical lymphoid infiltration (n = 3), benign 
lymphoepithelial sialadenitis (n = 9), normal gland tissue (n = 4), and lymphoepithelial cyst (n = 1). In the patient with 
serial CNBs, the initial one without flow cytometry was benign, but the next 2 showed atypical lymphoid infiltration. 
Monoclonal lymphoid infiltration was detected in 12 patients: 6 with MALT lymphoma, 3 were benign, and 3 with 
atypical lymphoid infiltration. Of the latter 3, 1 was treated with rituximab and 2 with expectant observation. The 
diagnosis changed from atypical lymphoid infiltration to MALT lymphoma in 1 patient following biopsy of inguinal 
adenopathy 6 months post- CNB. CNB provided actionable results and avoided open excisional biopsies in all cases.

Conclusion. CNB is safe and useful in the evaluation of suspected salivary gland lymphoma in SS.

INTRODUCTION

Ultrasound- guided core needle biopsy (CNB) is an important 
technique in the diagnosis of salivary gland masses (1). The pro-
cedure uses ultrasonography to guide the placement of a hand- 
held spring- loaded device to obtain core samples of a salivary 
gland lesion. In contrast to fine needle aspiration (FNA) cytology, 
CNB provides biopsy samples with preserved architecture that 
are amenable to immunohistochemical staining and that can be 
used for staging and grading of neoplasms. This possibility with 
CNB is particularly relevant to the diagnosis of lymphoma, where 
analysis of tissue histopathology is essential. In a meta- analysis, 
sensitivity and specificity for the diagnosis of malignant salivary 
gland lesions were estimated to be 96% and 100%, respectively 
(1). A portion of the tissue can also be used for flow cytometry, 

thereby increasing the diagnostic yield in the evaluation of lym-
phoma (2). CNB has a superior diagnostic yield over FNA alone 
and is associated with few complications (1).

Patients with Sjögren’s syndrome (SS) have a 6-  to 18- fold 
increased risk of non- Hodgkin lymphoma, particularly marginal- 
zone lymphoma involving the parotid gland (3). The development 
of a salivary gland mass or persistent enlargement can be a sign 
of development of lymphoma. FNA can yield material for flow 
cytometry and the detection of a monoclonal B cell population, 
but flow cytometric analysis is not sufficient for the diagnosis of 
lymphoma. A larger sample is required for histopathology, includ-
ing immunohistochemical staining. While excisional biopsies are 
preferred for lymphoma diagnosis, the trend has been to employ 
CNB whenever possible (4). Identification of salivary gland lym-
phoma with CNB avoids surgical resection, most often superficial 
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parotidectomy, with its attendant risks. We sought to evaluate the 
safety and utility of CNB in the diagnostic evaluation of salivary 
gland lymphoma in patients with SS.

PATIENTS AND METHODS

Patients. We identified all SS patients who underwent 
ultrasound- guided CNB of either the parotid or submandibular 
gland as part of a diagnostic evaluation for salivary gland lym-
phoma in the Johns Hopkins Sjögren’s Syndrome Center between 
July 2009 and August 2018. Clinical data on patients seen in the 
Center are maintained in a computer database, under a protocol 
approved by the Johns Hopkins Institutional Review Board. SS was 
defined by fulfillment of the American College of Rheumatology/
European Alliance of Associations for Rheumatology classification 
criteria (5). None of the patients had a prior history of lymphoma.

Technique. CNBs were performed by radiologists with 
extensive experience in ultrasonography. Biopsy samples were typ-
ically obtained with an 18- gauge INRAD core biopsy needle (INRAD 
Inc). To accurately place the device either within the glandular 

parenchyma or within a focal intraglandular lesion, the CNB was 
performed under real- time ultrasound guidance, using an 18-  or 
12- mHz linear transducer (Figure 1). Typically, 2 passes were made 
in the same or very nearly the same location using the same core 
biopsy device. One core was placed in formalin for standard surgical 
pathology examination, and the other was placed in culture medium 
for flow cytometry. For parotid gland biopsy, the patient was placed 
in the decubitus position. The entry site was typically from the pos-
terior glandular border, slightly caudal to the level of attachment of 
the ear lobe. Local infiltration anesthesia was employed in the skin 
and subcutaneous fat up to the surface of the gland but not within 
the gland. A small skin incision was made with a scalpel. The biopsy 
needle was directed from posterior to anterior, with care taken to 
keep the needle path located superficially within the gland paren-
chyma and the entire trough of the needle within the parenchyma. 

For submandibular gland biopsy, the procedure was similar 
but with the patient in an oblique position, head mildly extended 
and rotated away from the operator. The approach was also from 
posterior to anterior. In the case of focal lesions, care was taken 
to minimize traversal of normal parotid parenchyma and to proceed 
from a posterior to anterior approach. FNA was routinely included 
in the same procedure as the CNB and targeted the same lesion or 
glandular location as the CNB. FNA and CNB material were routinely 
submitted together for flow cytometry. Patients were contacted by 
telephone by radiology department nurses on the day following the 
biopsy to determine whether any symptoms suggesting complica-
tions were present. Patients were queried as to whether swelling, 
pain, bleeding, or facial changes had taken place.

Pathologic interpretation and data analysis. All biopsy 
samples with suspicious lymphoid infiltrates were reviewed by 
hematopathologists, and a final diagnosis was achieved through 
integration of histopathology, immunohistochemistry, and flow 
cytometry and/or molecular studies. The utility of CNB was judged 
by whether it yielded an actionable diagnosis, allowing for either 
initiation of treatment or final determination of benignity requiring 
no further intervention (6).

SIGNIFICANCE & INNOVATIONS
• Salivary gland lymphoma has a cumulative lifetime 

prevalence of 5– 10% in patients with Sjögren’s syn-
drome (SS).

• Biopsy procedures that use an ultrasound- guided 
core needle have gained increasing use for the di-
agnosis of lymphoma and have the advantage of 
avoiding a surgical excision with its attendant risks.

• In the current study, ultrasound- guided core nee-
dle biopsy and pathologic analysis with both histo-
pathology and flow cytometry in 24 SS patients was 
safe and avoided the need for excisional biopsy in all.

• This study supports the routine use of the biopsy 
procedure in the evaluation of suspected salivary 
gland lymphoma in SS.

Figure 1. Parotid gland core needle biopsy with ultrasound guidance. A, The biopsy needle is directed from posterior to anterior, with care 
taken to keep the needle path located superficially within the gland parenchyma and the entire trough of the needle within parenchyma;  
B, Patient is in right side down decubitus position with head on the right side of the photograph as the biopsy needle approaches the left parotid 
gland from its posterior aspect. The biopsy is guided by real- time ultrasound, under aseptic conditions; C, Both the operator and the assisting 
sonographer monitor the path of the needle on the ultrasound screen.
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RESULTS

Twenty- four SS patients underwent ultrasound- guided CNB 
to evaluate for possible salivary gland lymphoma (Table 1). The 
cohort included 22 women and 2 men with a median age of 53 
years (range 18– 74 years). Two patients had secondary SS. Addi-
tional phenotypic features are listed in Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin 
elibr ary. wiley.com/doi/10.1002/acr.24203/ abstract. The salivary 
gland abnormalities were bilateral parotid (n = 13), unilateral 
parotid (n = 2), or submandibular (n = 1) gland enlargement, and 
discrete masses in the parotid (n = 6) or submandibular (n = 2) 
glands. There were 26 procedures in total, with 1 patient (patient 
16) undergoing 3 CNBs of the same mass over a 17- month 
period. The parotid was biopsied in 23 patients and the sub-
mandibular gland in 3 patients. The 26 procedures involved CNB 
alone (n = 5) or with FNA (n = 21). Sampling was restricted to 1 
gland only, except for 2 patients (patients 4, 19) who underwent 
CNBs of both parotid glands. The average number of CNBs per 
gland per procedure was 2.29 ± 0.66 (range 1– 4). Cyst aspiration 
was performed during 4 procedures. Biopsy material was sent for 
flow cytometry in 24 procedures; this material consisted of CNB 
specimens alone in 5 procedures or combined with FNA material 
in 21. None of the patients reported complications 1 day post- 
procedure or during longitudinal follow- up in our center (median 
[range] duration = 595 days [1– 1,403 days]).

Small hypoechoic ovoid lesions, a characteristic ultrasono-
graphic abnormality of SS, were present in the parotid gland 
parenchyma of 18 patients (7). In 16 of these 18, the hypoechoic 
lesions in composite occupied >50% of the glandular volume, 
corresponding to at least grade 2 severity on the Outcome Meas-
ures in Rheumatology scoring system (7).

Representative (i.e., random) sampling of glandular tissue 
was performed in 12 patients, opting for the salivary gland that 
was most enlarged. Targeted sampling of discrete sonographic 
lesions was performed in 12 patients. The targets included clin-
ically palpable masses with corresponding sonographic hypo-
echoic solid or cystic mass lesions (n = 6; patients 11, 13, 15, 
17, 21, 23) or partly solid/partly cystic masses (n = 2; patients 
7, 16). Targets also included nonpalpable sonographically defined 
lesions, including a mass- like grouping of hypoechoic lesions 
(n = 1, patient 24) and a partly solid/partly cystic mass (n = 1; 
patient 22), as well as intraparotid lymph nodes that appeared 
sonographically abnormal (n = 2, patients 12, 18) (Figure 2). CNB 
was performed 3 times on the same mass lesion in patient 16, 
following an initial FNA alone with flow cytometry that showed 
9% clonal B cells. The first CNB did not include repeat FNA/flow 
cytometry, while the second did. A third CNB was performed 
16 months after the second because of progressive enlargement 
of the mass lesion.

A final pathologic diagnosis was established through the 
integration of CNB histopathology with immunohistochemistry 

(n = 12 procedures), cytology (n = 21), flow cytometry (n = 24), 
and molecular studies (n = 2). In 2 procedures (patients 2, 7), flow 
cytometry samples were largely comprised of debris and were 
thus without diagnostic utility (one was material from CNB only 
and the other from combined CNB and FNA) (see Supplementary 
Figures 1 and 2, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24203/ abstract). 
Final pathologic diagnoses for the 23 patients with only 1 CNB 
were marginal- zone lymphoma of mucosa- associated lymphoid 
tissue (MALT; n = 6), atypical lymphoid infiltration suspicious for 
MALT lymphoma (n = 2), benign focal lymphoid infiltration (n = 8), 
benign lymphoepithelial sialadenitis (BLEL; n = 2), salivary gland 
tissue without inflammatory infiltrate (n = 4), and lymphoepithelial 
cyst/focal lymphoid infiltration (n = 1 with biopsies of right and 
left parotid glands). The diagnosis of MALT lymphoma was estab-
lished a median of 6.1 years (range 1.3– 8.0 years) after that of 
SS in the 6 affected patients. In the patient with serial CNBs, the 
first was interpreted as benign focal lymphoid infiltration, whereas 
the second (which included flow cytometry) confirmed an atyp-
ical lymphoid infiltrate seen on an earlier FNA. In the third CNB, 
a monoclonal B cell population was demonstrated, again by flow 
cytometry, but the lymphoid infiltrate in the CNB was too small for 
further characterization.

A clonally restricted cell population was detected by flow 
cytometry in 12 biopsy samples (B cell in 11, plasma cell in 1) 
performed on 11 patients and by molecular studies in additional 
procedure (patient 17). Among these 12 patients with monoclo-
nal lymphoid infiltrates, 6 were diagnosed with MALT lymphoma 
based on histopathology and immunohistochemistry. Among 
the other 6 patients, 3 had interpretations of atypical lymphoid 
infiltration, but with insufficient morphologic findings to diagnose 
lymphoma. In 1 of these 3 patients (patient 18) with an atypical 
lymphoid infiltrate, biopsy of an enlarged inguinal node 6 months 
after the parotid biopsy showed MALT lymphoma. The other 3 
(patients 5, 6, 15) were diagnosed with BLEL (patients 5, 6) or 
a benign T cell– predominant focal lymphocytic infiltrate (patient 
15). The 2 patients described above with inadequate samples for 
flow cytometry (patients 2, 7) had no lymphoid infiltrate on CNB. 
Hypoechoic sonographic lesions were present in all patients with 
lymphoma, atypical lymphoid infiltration, and/or monoclonal B cell 
population detected in the CNB.

In 15 patients, the clinician concluded that the salivary gland 
process was benign and opted to make no change in treatment in 
12 patients. In 3, the clinician opted to treat with rituximab due to 
persistent parotid gland enlargement (patients 8, 14) or the pres-
ence of interstitial nephritis (patient 15). In 3 patients, the clini-
cian concluded that the patient had a possible lymphoproliferative 
disorder; 1 received rituximab treatment (patient 17), and 2 were 
observed expectantly (patients 16, 18). One of these latter patients 
(patient 18) developed inguinal adenopathy 6 months later, with a 
biopsy result showing MALT lymphoma. Of the 6 patients with 
MALT lymphoma, 5 were treated with rituximab monotherapy, 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24203/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24203/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24203/abstract
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while 1 was managed with expectant observation but then started 
on rituximab after an interval of 12 months.

DISCUSSION

We used ultrasound- guided CNB to evaluate salivary gland 
abnormalities suspicious for lymphoma in 24 patients with SS. 
The indications included persistent salivary gland enlargement or 
a discrete salivary gland mass or lesion identified clinically or by 
ultrasound. None of the patients had a rapidly enlarging mass, min-
imizing concern for a high- grade lymphoma (e.g., diffuse large B 
cell), which can involve the parotid gland (8). Importantly, flow cytom-
etry of cellular material from the CNB and/or FNA was included to 
increase the diagnostic yield in 24 of the 26 procedures. None of 
our patients underwent open surgical resection of salivary gland 
tissue following CNB, so validation of the utility of this diagnostic 
protocol rests on whether the results were actionable, allowing a 
clinical decision to be made without the need for further testing. Our 
experience provides strong support for the safety and diagnostic 
utility of ultrasound- guided CNB in the evaluation of salivary gland 
enlargement or focal abnormalities in individuals with SS.

None of the patients reported complications from the pro-
cedure. Notably, CNB avoided an open surgical excision, with its 
attendant risk of facial nerve injury, fistula formation, sialocele for-
mation, and unacceptable cosmetic deformity (9). A surgical exci-
sion of the major salivary gland is also time- consuming and often 
requires hospital admission and general anesthesia. Surgery may 
also exacerbate xerostomia in SS patients. In contrast to epithe-
lial salivary gland tumors, the primary treatment of salivary gland 
lymphoma is not surgical excision, so diagnosis with a minimally 
invasive procedure can avoid the need for surgery (10,11).

Our CNB diagnostic protocol provided sufficient material to 
differentiate a range of salivary gland pathologic findings expected 
in a cohort of patients with SS, namely normal salivary gland tissue, 
fatty replacement, focal lymphocytic sialadenitis, and more diffuse 
lymphocytic infiltration, representing either BLEL or MALT lym-
phoma. The ability to differentiate a range of findings constituted an 

advantage of CNB (often with FNA) over FNA alone. None of the 
patients had alternative forms of benign salivary gland inflammation, 
such as IgG4- related or granulomatous sialadenitis. Ultrasono-
graphic imaging during the biopsy procedure enabled targeting of 
lesions that were suspicious for lymphoma. These corresponded 
to palpable masses in 9 patients, but also clinically occult lesions 
in 5. On ultrasound, lesions that proved to be lymphomatous 
included mass- like conglomerates of hypoechoic lesions and 
abnormal intraparotid lymph nodes. Notably, the parenchyma of 
the parotid and submandibular gland showed numerous hypo-
echoic lesions in all patients with lymphoma or atypical lymphoid 
infiltrates. This observation suggests that clinical enlargement of 
salivary glands in the absence of sonographic abnormality is not 
suspicious for lymphoma. A larger sample size would be neces-
sary to generalize our experience with this cohort. Similar concerns 
have been raised by Jousse- Joulin et al (12).

In 3 of our patients with diffuse glandular lymphoid infiltration, 
a definitive diagnosis of indolent low- grade lymphoma could not be 
established. In each, flow cytometry demonstrated a monoclonal B 
cell population, but the histologic findings were not sufficient to allow 
a definitive diagnosis of lymphoma. Differentiation of BLEL from low- 
grade lymphoma, most often MALT, can be difficult (13,14). Both are 
characterized by polymorphous lymphoid infiltrates with an admix-
ture of B and T cells and lymphoepithelial lesions. A monoclonal cell 
population is characteristic of MALT lymphoma (15), but can also be 
found in BLEL from SS as well as reactive nodes. The monoclonal 
cell population may also represent reactive follicular center cells (16). 
While BLEL is a histologic precursor of MALT lymphoma, evolution 
to MALT lymphoma is slow and infrequent.

With the understanding that the distinction between a benign 
and malignant lymphoproliferative process of the salivary gland may 
not be definitive in patients with SS, the decision about whether to 
treat is based on a number of factors, including systemic disease 
activity, symptoms, or cosmetic concerns related to the salivary 
gland enlargement or mass, and overall health (10,11). Treatment 
can be effective in reducing salivary gland enlargement and con-
trolling systemic disease activity but is not known to impact the 

Figure 2. Ultrasound images of lymphomatous lesions of the parotid gland. A, An abnormal intraparotid lymph node is evident in this 
longitudinal view (patient 18). The node was considered abnormal because of its enlargement and rounded shape; B, A blood vessel is seen on 
color Doppler imaging penetrating the hilum of the intraparotid node seen in panel A; C, A heterogeneously hypoechoic, mixed solid and cystic 
mass is evident in this longitudinal view (patient 22).
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recurrence rate of MALT lymphoma. Similarly, whether treatment 
of BLEL prevents or delays the development of frank lymphoma is 
not known.

The information provided by ultrasound- guided CNB, inclu-
sive of flow cytometry, was actionable in all cases, allowing the 
practitioner to differentiate a benign salivary gland process from 
the presence of MALT lymphoma or a possible lymphoprolifera-
tive disorder. With respect to the latter 2 diagnoses, the treatment 
decision is between expectant observation and the institution of 
B cell– depleting therapy, either alone or with another agent. This 
decision is made on the basis of the clinical context, and in our 
patients could be made in conjunction with CNB without the need 
for excisional biopsy. Note is made of 2 patients who underwent 
additional biopsies, 1 due to enlarging inguinal nodes (showing 
MALT lymphoma) 6 months after the parotid gland biopsy, and a 
second who underwent repeat core biopsies of the same parotid 
gland mass over the ensuing 17 months, each time showing an 
atypical lymphoid infiltrate but no frank lymphoma.

We advocate for CNB only in certain clinical situations, namely 
persistent salivary gland enlargement, a palpable mass, or a sono-
graphic abnormality such as an abnormal intraparotid lymph node 
or mass- like conglomeration of the hypoechoic lesions character-
istic of SS. Given the low grade and indolent behavior of salivary 
gland lymphoid neoplasms in SS, there must be circumspection in 
the use of CNB for routine disease monitoring. Early detection of 
lymphoma through repeated biopsies is unlikely to affect outcome 
and may engender undue anxiety.

The limitations of our study include our relatively small cohort, 
which might not have been fully representative of the range of sal-
ivary gland lesions that may be encountered in this population. On 
the other hand, our study is the largest experience as yet reported 
for CNB in suspected lymphoma in SS and is concordant with 
what has been reported by others.

In summary, CNB of the salivary glands in patients with SS 
is a safe and useful technique for evaluation of suspected sali-
vary gland lymphoma, providing sufficient pathologic material to 
allow for definitive pathologic evaluation and appropriate clinical 
decision- making, while avoiding the risks of an excisional biopsy.
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The Phenotype of Axial Spondyloarthritis: Is It Dependent 
on HLA– B27 Status?
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Objective. To describe the radiographic phenotype of axial spondyloarthritis (SpA) according to the presence of 
HLA– B27.

Methods. An international collaboration compared the radiographic phenotype of axial SpA according to HLA– B27 
status. Patients with ankylosing spondylitis (AS) and axial psoriatic arthritis (PsA) were collected. Radiographs were 
read centrally, blinded to clinical details. The symmetry of the sacroiliac joints and lumbar syndesmophytes and 
the morphology of syndesmophytes (typical marginal versus atypical chunky), together with the modified Stoke 
Ankylosing Spondylitis Spine Score and the Psoriatic Arthritis Spondylitis Radiographic Index, were recorded.

Results. A total of 244 patients with PsA and 198 patients with AS were included. In PsA, 60 patients (25%) were 
HLA– B27 positive while in AS, 148 patients (75%) were HLA– B27 positive. Patients with HLA– B27 were younger and 
more often male and had a longer duration of disease. In multivariable logistic regression, HLA– B27 was significantly 
associated with syndesmophyte symmetry (odds ratio [OR] 3.02 [95% confidence interval (95% CI) 1.38, 6.61]) and 
marginal syndesmophytes (OR 1.97 [95% CI 1.16, 3.36]) but not with sacroiliac symmetry. Mean radiographic scores 
were higher for patients with HLA– B27.

Conclusion. Patients with axial SpA who are positive for HLA– B27 have more severe radiographic damage, more 
marginal syndesmophytes, and more frequent syndesmophyte symmetry compared to patients who are negative for 
HLA– B27.

INTRODUCTION

Axial spondyloarthritis (axial SpA) is an inflammatory disease 
of the spine and sacroiliac joints that leads to new bone forma-
tion and has the potential to cause total ankylosis of the spine. 
Ankylosing spondylitis (AS) represents the classical manifestation 
of axial SpA and was the hallmark clinical manifestation of SpA, 
first described in detail by Moll et al (1). Psoriatic arthritis (PsA) is 
a common form of inflammatory arthritis affecting between 15% 

and 30% of people with psoriasis and is a member of the SpA 
group of conditions. The most common phenotype of PsA is pre-
dominant peripheral arthritis (2,3), but up to 50% of patients with 
PsA develop inflammation in their axial skeleton (axial PsA), and a 
few (approximately 5%) have isolated axial inflammation (4).

Although axial involvement in PsA can be indistinguishable 
from axial disease in AS, it can also differ in several respects, rais-
ing the question of whether axial PsA and AS, with or without 
psoriasis, are different clinical presentations of the same disease, 
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axial SpA, or whether they are separate diseases that have over-
lapping features (5). Recent clinical (6) and genetic (7,8) studies 
have shown that axial PsA is nonhomogeneous, based on the 
presence of HLA– B27, a result confirmed for early axial SpA in 
the Devenir des Spondylarthropathies Indifférenciées Récentes 
cohort (9).

Our study hypothesis was that the radiographic phenotype of 
patients with axial SpA depends on the presence of HLA– B27. We 
hypothesized that HLA– B27 positivity is associated with a more 
severe, classical AS phenotype: these patients have a more sym-
metrical appearance on the radiographs of both the spine and 
the sacroiliac joints, and manifest classical syndesmophyte mor-
phology with smooth, contiguous calcification between adjacent 
vertebrae. In contrast, patients who are negative for HLA– B27 
will represent an alternative phenotype, with less radiographic 
severity, less involvement of the sacroiliac joints and spine, less 
symmetry, and different morphology of syndesmophytes, with 
unusual- shaped, bulkier, nonmarginal syndesmophytes (10– 12). 
To achieve phenotypic diversity, we studied patients with PsA and 
axial involvement (a group of patients recognized to have less fre-
quent carriage of HLA– B27), and AS, with patients drawn from a 
number of geographically diverse populations.

MATERIALS AND METHODS

Patients. Cross- sectional clinical, radiographic, and labora-
tory data from several cohorts in Ireland, Canada, Italy, Germany, 
Russia, and Spain were included. All sites have clinics dedicated 
to axial SpA, with both PsA and AS. The data were extracted 
from existing databases and digital film archives. Patient consent 
was not sought specifically for this study although consent was 
collected within each existing cohort to study both clinical and 
radiographic data. Formal ethics review was not obtained. The 
inclusion criteria were as follows: 1) age ≥18 years; 2) either a clini-
cal diagnosis of PsA and fulfillment of the Classification of Psoriatic 
Arthritis criteria with a physician diagnosis of axial involvement, or 
a clinical diagnosis of AS and fulfillment of the modified New York 
criteria; 3) HLA– B27 status available; and 4) plain radiographs of 
sacroiliac joints and lumbar and cervical spines within the last 5 
years.

Minimal clinical data were collected, including basic demo-
graphic data, a recent patient- completed disease activity measure 
(the Bath Ankylosing Spondylitis Disease Activity Index [BASDAI]
[13]), and a recent measure of C- reactive protein (CRP) level. In 
addition, the presence/absence of diabetes mellitus was recorded, 
because there is an association between diabetes mellitus and 
diffuse idiopathic skeletal hyperostosis (DISH), the radiographic 
appearance of which may make interpretation of syndesmo-
phyte morphology more difficult (14).

Radiographs. The majority of the images (>90%) obtained 
were in the DICOM format; the rest were JPEG images. The 
images were read by consensus by 2 observers (LCC and PSH), 
blind to diagnosis. The lateral spinal images were scored using 
the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) 
(15) and Psoriatic Arthritis Spondylitis Radiology Index (PASRI) (16) 
scoring systems. The mSASSS scores the corners of the vertebral 
bodies from the lower border of C2 to the upper border of T1, and 
from the lower border of T12 to the upper border of S1. At each 
vertebral corner, scores range from 0 to 3, thus giving a total score 
range of 0– 72. The PASRI scores the vertebral bodies in a similar 
way to the mSASSS, but in addition, scores the zygo- apophyseal 
joints at C2/C3, C3/C4, and C4/C5 for fusion and scores the sac-
roiliac joints using the modified New York criteria (17), with a score 
range for each joint of 0– 4. These methods have been proven 
reliable in both AS and PsA (18).

Using further review of the lateral alongside the anteropos-
terior images, other features were recorded at each vertebral 
level: syndesmophyte morphology (marginal or nonmarginal), 
Andersson lesions, zygo- apophyseal joint fusion in the cervi-
cal spine, and paravertebral ossification (ossification adjacent 
to, but separate from, a vertebral body usually contiguous with 
a syndesmophyte) at each level. The symmetry of sacroiliac 
joints was defined as a 2- point difference in scores between 
each side. The symmetry of syndesmophytes was assessed on 
anteroposterior views and was determined from the ratio of the 
number of matched pairs of syndesmophytes to the total num-
ber of syndesmophytes; a ratio of 0.5 or above was deemed 
to indicate symmetry, as previously defined for peripheral joint 
involvement (19).

Statistical analysis. Summary statistics, according to 
data, are presented with appropriate univariate statistical tests. 
Logistic regression models were used to investigate the predictors 
of symmetry and syndesmophyte morphology using binary multi-
variable logistic regression models, entering all independent 
variables together, assessing goodness of fit by the Hosmer- 
Lemeshow method and the percentage of accurate prediction. 
Independent variables were age, sex, HLA– B27 status, duration 
of disease, and diabetes mellitus status. Using the available data 
(radiographic scoring of sacroiliac joints, HLA– B27 status, diag-
nosis of psoriasis, the presence of inflammatory back pain, and 

SIGNIFICANCE & INNOVATIONS
• Patients with axial spondyloarthritis (SpA) who are

positive for HLA– B27 have higher levels of radio-
graphic damage, more symmetry, and more mar-
ginal syndesmophytes.

• Most patients with axial psoriatic arthritis are
HLA– B27 negative and less frequently have sacro-
iliac joint involvement.

• Existing classification criteria for axial SpA may not
be applicable to axial psoriatic arthritis.
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elevated CRP level), the Assessment of SpondyloArthritis inter-
national Society (ASAS) criteria for axial SpA (20) were applied.

RESULTS

A total of 8 sites contributed data on 244 patients with PsA 
and 198 patients with AS. In patients with PsA, 60 (25%) were 
HLA– B27 positive, while in AS, 148 (75%) were HLA– B27 posi-
tive. Patients with HLA– B27 were younger, were more often male, 
and had a longer duration of disease. Patients with HLA– B27 had 
higher BASDAI, mSASSS, and PASRI scores (Table 1). A total of 
54 patients in the PsA group did not have radiographic sacroil-
iitis. Of these, 33 also did not have syndesmophytes. In the AS 
group, 13 patients did not have any syndesmophytes. In total, 
338 patients met either the clinical or radiographic arm of the axial 
SpA criteria (n = 270 met the radiographic arm, n = 12 met the 
clinical arm, and n = 56 met both). Fulfillment of these criteria was 
significantly higher for those with HLA– B27.

Sacroiliac joint involvement. Patients who were neg-
ative for HLA– B27 were more likely to have bilateral normal 
sacroiliac joints (grade 0 or 1), and less likely to have bilat-
eral grade 4 sacroiliac joints (Table 2). However, there was no 

difference in symmetry of the sacroiliac joints according to 
HLA– B27 status, after exclusion of cases with bilateral nor-
mal sacroiliac joints. Multivariable logistic regression assessing 
predictors of sacroiliac symmetry found age to be the only sig-
nificant predictor (odds ratio [OR] 1.04 [95% confidence inter-
val (95% CI) 1.01, 1.06]) (Table 3).

Spinal involvement. Not all cases had syndesmophytes 
on the anteroposterior view of the lumbar spine, but neverthe-
less, there was a clear difference between groups in terms of 
syndesmophyte symmetry, and in the presence of marginal 
syndesmophytes, particularly in the lumbar spine, where these 
were more frequently seen in those who were HLA– B27 positive 
(Table 2). There were no differences in nonmarginal syndesmo-
phytes according to HLA– B27 status.

The only predictor of syndesmophyte symmetry was HLA– 
B27 positivity (OR 3.02 [95% CI 1.38, 6.61]). The presence of mar-
ginal syndesmophytes showed a significant relationship with age 
(OR 1.08 [95% CI 1.05, 1.10]), HLA– B27 status (OR 1.97 [95% 
CI 1.16, 3.36]), and male sex (OR 1.66 [95% CI 1.04, 2.66]). For 
nonmarginal syndesmophytes, only age (OR 1.05 [95% CI 1.03, 
1.07]) and male sex (OR 2.55 [95% CI 1.46, 4.64]) were significant 
predictors (Table 3).

Table 1. Demographic details of the cohort, fulfillment of ASAS criteria, and radiographic damage scores*

HLA– B27 
positive  

(n = 208)

HLA– B27 
negative  
(n = 234)

Difference between B27+ and 
B27–  (continuous data) and 

odds ratios (categorical data) P
Age, mean ± SD years 49.1 ± 14.2 53.8 ± 13.8 – 4.7 (– 7.4, – 2.1)† < 0.0001
Male 152 (73) 138 (59) 1.9 (1.3, 2.8)‡ 0.002
Duration of disease, mean ± SD years 13.6 ± 11.9 11.0 ± 10.2 2.6 (0.5, 4.7)† 0.02
Fulfills clinical arm, ASAS criteria 68 (33) 0 NA < 0.0001
Fulfills radiographic arm, ASAS criteria 177 (85) 149 (64) 3.3 (2.1, 5.2)‡ < 0.0001
mSASSS score, median (range) 6 (0– 72) 2 (0– 72) 0.5 (0– 3)§ 0.04
PASRI score, median (range) 12 (0– 71) 6 (0– 71) 5 (3– 7)§ < 0.0001
BASDAI, mean ± SD 4.1 ± 2.0 3.5 ± 2.4 0.6 (0.2, 1.1)† 0.009

* Values are the number (%) unless indicated otherwise. ASAS = Assessment of SpondyloArthritis international Society; 
BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; mSASSS = Stoke Ankylosing Spondylitis Spine Score; NA = not 
applicable; PASRI = Psoriatic Arthritis Spondylitis Radiology Index. 
† Mean (95% confidence interval [95% CI]). 
‡ Odds ratio (95% CI). 
§ Median difference (range). 

Table 2. Radiographic phenotype according to HLA– B27 status*

HLA– B27 positive  
(n = 208)

HLA– B27 negative  
(n = 234)

OR  
(95% CI) P, two-way

Bilateral normal sacroiliac joints: grade 0 or 1 11 (5) 39 (17) 0.3 (0.1, 0.7) < 0.0001
Bilateral grade 4 sacroiliac joints 82 (39) 37 (16) 3.5 (2.2, 5.4) < 0.0001
Symmetry at sacroiliac joint (excludes bilateral zero), no./total no. (%) 175/193 (91) 169/194 (87) 1.4 (0.8, 2.7) NS
Symmetry syndesmophytes (lumbar spine), no./total no. (%) 88/113 (78) 50/86 (58) 2.5 (1.4, 4.7) 0.003
Marginal syndesmophytes 128 (62) 119 (51) 1.5 (1.1, 2.3) 0.02

Cervical 103 (50) 97 (42) 1.4 (0.9, 2.0) NS
Lumbar 95 (46) 73 (31) 1.9 (1.3, 2.7) 0.002

Nonmarginal syndesmophytes 46 (22) 53 (23) 1.0 (0.6, 1.5) NS
Cervical 28 (14) 37 (16) 0.8 (0.5, 1.4) NS
Lumbar 28 (14) 31 (13) 1.0 (0.6, 1.7) NS

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; NS = not significant; OR = odds ratio. 
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DISCUSSION

In this observational cross- sectional study, differences in radio-
graphic phenotype according to HLA– B27 status were largely 
as we had hypothesized. Thus, the patients who were HLA– 
B27 positive had more severe radiographic damage, as meas-
ured by mSASSS and PASRI, more bilateral fused sacroiliac 
joints, more typical marginal syndesmophytes, and more symme-
try in the spine. However, this study has shown no difference in 
sacroiliac symmetry, and no difference in nonmarginal syndesmo-
phytes, according to HLA– B27 status.

The strengths of this study are the large, international sam-
ple size, with a mixed population of axial PsA and AS, and the 
blinded reading of the radiographs. The readers were therefore 
not subject to bias due to knowledge of diagnosis that may have 
influenced the results, particularly with regard to subjective inter-
pretations, such as syndesmophyte morphology. This is the first 
study, to our knowledge, to describe the phenotype of established 
axial SpA according to HLA– B27 carriage, using a mixed popula-
tion in which HLA– B27 carriage varied markedly. Unlike studies by 
Jadon et al (6) and Haroon et al (8), we did not focus specifically 

on disease status (axial PsA compared to AS), hypothesizing that 
HLA– B27 status was the main influence of radiographic pheno-
type, a result largely confirmed by this study.

This study has some limitations. We collected a large number 
of patients with axial PsA and AS from a number of cohorts in 
Europe and North America. Disease groups were not matched 
for age, sex, and duration of disease, all of which may influence 
the phenotype (Table 3). Further, central reading was done by 
consensus, not independently, and the recognition of syndes-
mophyte morphology was subjective, because no standard defi-
nitions are available. Because these participants were collected 
from existing cohorts, the study did not attempt to standardize 
case definition where currently no accepted criteria for axial PsA 
are available. Some differences may be due to case selection, 
because contributors possibly handpicked the cases for inclusion.

The limitations noted above may reflect the discordance of 
results between this study and previous studies, particularly with 
respect to sacroiliac symmetry. In a similar, but single- center 
study published in 1998, the proportion of symmetrical sacroiliitis 
in cases of AS and PsA were 0.85 and 0.74, respectively (11), 
compared to 0.88 for both conditions in the current study. Evalua-
tion of the PsA cohort in Dublin found a proportion of symmetrical 
sacroiliitis at 0.27, but this cohort evaluated all patients with PsA, 
rather than only those with physician- diagnosed axial disease. In 
the latter study, asymmetry was associated with HLA– B*08 and 
symmetry with HLA– B27 (8).

The patients included in this study had already been diagno-
sed with axial SpA by the investigators, so presumably cases of 
DISH had been excluded prior to referral. However, differentiating 
between nonmarginal syndesmophytes and the appearances of 
DISH can be difficult, especially where the sacroiliac joints appear 
normal. DISH may coexist with axial SpA, and DISH may be found 
in approximately 8% of patients with PsA, according to 1 study 
(21). We acknowledge that some cases of DISH may have been 
included inadvertently but were unlikely to influence the major find-
ings in relation to HLA– B27 status and phenotype.

This study and others have implications for the diagnosis 
and classification of spondylitis in people with psoriasis. In AS, the 
prevalence of the major histocompatibility complex class I allele 
HLA– B27 is 85– 90%, but in PsA the prevalence is much lower 
at 20– 50% (5,22,23), so the axial phenotype would be expected 
to differ between AS and PsA. The ASAS classification criteria 
included patients with concomitant psoriasis, and thus, by defi-
nition, psoriatic spondylitis, although the majority of patients pre-
sumably had nonpsoriatic axial SpA. The ASAS criteria include 
a clinical arm, which is dependent on HLA– B27 status, and a 
radiographic arm, which includes imaging evidence of sacroilii-
tis (20). Given the lower frequency of HLA– B27 in the spondylitis 
associated with psoriasis, and the lower frequency of sacroiliac 
involvement, patients with PsA are less likely to fulfill both the clin-
ical and the imaging arms of the classification criteria. Developing 
an alternative clinical and radiologic definition of axial PsA may be 

Table 3. Predictors of radiographic phenotype (symmetry and 
syndesmophyte morphology)*

Multivariable logistic 
regression analysis

OR 
(95% CI) P

Sacroiliac joint symmetry†
Male 0.81 (0.55, 2.14) NS
HLA– B27 positive 1.54 (0.72, 3.28) NS
Age 1.04 (1.01, 1.06) 0.02‡
Years of diagnosis 1.00 (0.96, 1.04) NS
Diagnosis of PsA 0.75 (0.36, 1.59) NS

Syndesmophyte symmetry§
Male 0.89 (0.41, 1.95) NS
HLA– B27 positive 3.02 (1.38, 6.61) 0.006‡
Age 1.03 (0.99, 1.06) NS
Years of diagnosis 1.00 (0.97, 1.03) NS
Diagnosis of PsA 0.80 (0.39, 1.67) NS

Marginal syndesmophytes¶
Male 1.66 (1.04, 2.66) 0.035‡
HLA– B27 positive 1.97 (1.16, 3.36) 0.013‡
Age 1.08 (1.05, 1.10) <0.0001‡
Years of diagnosis 1.02 (0.99, 1.051.64) NS
Diagnosis of PsA 0.80 (0.47, 1.36) NS

Nonmarginal 
syndesmophytes#

Male 2.55 (1.46, 4.64) 0.001‡
Presence of diabetes mellitus 1.65 (0.73, 3.76) NS
HLA– B27 positive 1.20 (0.67, 2.17) NS
Age 1.05 (1.03, 1.07) <0.0001‡
Years of diagnosis 1.00 (0.98, 1.03) NS
Diagnosis of PsA 1.17 (0.66, 2.10) NS

* 95% CI = 95% confidence interval; NS = not significant; OR = odds
ratio; PsA = psoriatic arthritis. 
† Chi- square = 7.9, P = 0.45, overall correct prediction = 88.8%. 
‡ Statistically significant. 
§ Chi- square = 6.6, P = 0.59; overall correct prediction = 69.5%.
¶ Chi- square = 8.77, P = 0.36; overall correct prediction = 70.2%. 
# Chi- square = 6.6, P = 0.58; overall correct prediction = 78.0%. 
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necessary for classification. If this development were to be done, 
an entirely new classification study would be required, including 
cases of psoriatic spondylitis and classical AS, selecting consec-
utive cases attending outpatient clinics.

In summary, this analysis suggests less difference in radi-
ographic phenotype between AS and axial PsA than previously 
found but emphasizes the importance of HLA– B27 status in 
severity and the phenotypic expression of disease radiographi-
cally. Future studies, including those assessing classification crite-
ria, should allow for the disparity in HLA– B27 frequency between 
AS and axial PsA.
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Tumor Necrosis Factor Inhibitor Dose Reduction for Axial 
Spondyloarthritis: A Systematic Review and Meta- Analysis 
of Randomized Controlled Trials
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Ahmed Omar,2 and Robert D. Inman7

Objective. The present study was undertaken to investigate the effectiveness and safety of dose reduction of 
tumor necrosis factor inhibitor (TNFi) therapy in the treatment of axial spondyloarthritis (SpA) compared to usual care.

Methods. We searched the Cochrane Central Register of Controlled Trials, Embase, Medline, and trial registries. 
We screened, extracted data, and assessed risk of bias in duplicate. Data were pooled using random- effects models; 
subgroup analyses were performed for type of TNFi, prior TNFi exposure, and follow- up duration. Outcomes of 
interest were Assessment of SpondyloArthritis international Society (ASAS) response and remission criteria, disease 
activity, relapse, and safety.

Results. We included 6 randomized trials with 747 participants (442 with ankylosing spondylitis and 305 with 
nonradiographic axial SpA). Compared to the standard dose, there were fewer events with the reduced dose for 
the ASAS criteria for 40% improvement (risk ratio [RR] 0.62 [95% confidence interval (95% CI) 0.49, 0.78]) and for 
ASAS partial remission (RR 0.17 [95% CI 0.06, 0.46]). There was a mean increase in the Bath Ankylosing Spondylitis 
Disease Activity Index score (mean difference [MD] 0.35 [95% CI 0.10, 0.60]) and no difference in C- reactive protein 
levels (MD 0.16 [95% CI – 0.76, 1.07]) with the reduced dose. There were more disease flares/relapses (RR 1.73 [95% 
CI 1.32, 2.27]) with the reduced dose. There were no differences in infection rates (incidence rate ratio [IRR] 0.98 [95% 
CI 0.76, 1.25]) or injection/infusion reactions (IRR 0.71 [95% CI 0.42, 1.19]).

Conclusion. Patients with axial SpA may experience little to no clinical benefit from reduction of TNFi therapy. 
Maintaining the standard dose probably improves the sustained effect on disease activity and helps to prevent 
disease flare.

INTRODUCTION

Axial spondyloarthritis (SpA) is a chronic, inflammatory arthri-
tis characterized by spinal stiffness, joint inflammation, pain, and 
decreased spinal mobility and physical function (1,2). For inclusion 
into research trials (i.e., not for diagnostic purposes), axial SpA 
can be identified through several standardized criteria, including 
the Assessment of SpondyloArthritis international Society (ASAS) 
classification criteria for clinical abnormalities (e.g., inflammatory 
back pain) (1). Axial SpA can be further categorized into 2 disease 
forms: nonradiographic axial SpA and ankylosing spondylitis (AS). 

There is currently no cure for axial SpA; however, it is commonly 
treated with biologic therapy to manage symptoms, to modulate 
disease progression, and to minimize associated damaging inflam-
matory side effects (3,4). Tumor necrosis factor inhibitors (TNFi) 
are biologic agents that target TNF, a proinflammatory molecule 
implicated in spondyloarthritis pathogenesis. These drugs have 
shown significant sustained clinical improvement in axial SpA and 
are introduced in patients with axial disease or as the next line of 
treatment after inadequate response to nonsteroidal antiinflamma-
tory drugs (NSAIDs) (1,2,5,6). TNFi modulate immune response, 
and treatment entails some degree of immunosuppression. This 
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can result in higher rates of infections and other potential long- 
term side effects (5,7,8).

However, with sustained efficacy in patients achieving remis-
sion in disease, it is possible to wean patients off TNFi (9). Dose 
reduction of TNFi has been applied using various approaches, 
including step- down, extending regular intervals of drug admin-
istration, and full withdrawal; however, there is currently no 
standardized strategy for this (6,9,10). The understanding of 
the underlying axial SpA disease activity such as inflammatory 
changes and radiographic progression when patients are tapered 
off of TNFi is limited, and these strategies require close monitoring 
for indicators of disease relapse (6,10). Two systematic reviews 
broadly examined the literature up to 2014 addressing the effects 
of TNFi dose reduction or discontinuation in rheumatic diseases 
including axial SpA. In both reviews, based largely on evidence 
from nonrandomized studies, it was suggested that discontin-
uation of the standard of care TNFi regimens tends to result in 
disease flares and increased disease activity (10,11). However, 
some randomized controlled trials (RCTs) and cohort studies 
incorporating dose reduction regimens in patients with both active 
and stable disease have concluded that with cautious monitoring 
patients can maintain remission and low disease activity (11– 17). 
It still remains unclear in which patients it is appropriate to imple-
ment dose reduction strategies (if at all) and how to incorporate 
safety checkpoints for disease flare (10).

Meta- analyses of RCTs can pave the way for a better under-
standing and interpretation of study findings on the safety and 
efficacy of TNFi dose reduction as well as encourage the develop-
ment of more succinct recommendations for safely withdrawing 
TNFi. The aim of this systematic review and meta- analysis was to 
provide a summary of the current evidence and to determine the 
effects of reduced or discontinued TNFi therapy as compared to 
standard doses in adult patients with axial SpA.

MATERIALS AND METHODS

Our results are reported according to the Preferred Report-
ing Items for Systematic Reviews and Meta- Analyses (PRISMA) 
statement (18), and the protocol has been registered in Prospero 
(registration number CRD42018091146) (19). Research ethics 
approval was not required since we incorporated only secondary 
participant data.

Eligible participants and interventions. Adults with a 
diagnosis of axial SpA (i.e., AS or nonradiographic axial SpA), 
based on the ASAS classification criteria, were eligible. RCTs 
evaluating any of the 5 reference TNFi currently approved for 
treatment in axial SpA (i.e., adalimumab, etanercept, golimumab, 
certolizumab, and infliximab) were included. Studies investigating 
TNFi biosimilars (i.e., non- originator drug versions) were excluded, 
as these are still an emerging class of drugs. We planned to eval-
uate different strategies for treatment reduction. Dose reduction, 
dose tapering, extending administration intervals, and complete 
discontinuation of the drug were all eligible interventions for inclu-
sion. Studies that compared the reduced dose (intervention) to 
the maintenance of the standard dose (control) for the same TNFi 
were included. Intervention arms with cointerventions (e.g., TNFi 
with methotrexate) or placebo as the control were excluded. 
Studies retrospectively investigating TNFi discontinuation that 
was not due to a predetermined treatment strategy or where 
TNFi withdrawal was mandated by adverse events or intercurrent 
events such as infection, pregnancy, or surgery were excluded.

Outcomes. The prespecified outcomes of interest were as 
follows: 1) efficacy of dose reduction as measured by a) symptom 
severity (using the Ankylosing Spondylitis Disease Activity Score 
[ASDAS] and ASAS criteria for 40% improvement [ASAS40]) and 
b) disease activity (using Bath Ankylosing Spondylitis Disease
Activity Index [BASDAI] score and C- reactive protein [CRP] level 
in milligrams per liter) (2,20– 25); 2) ASAS partial remission (26,27); 
3) relapse; 4) safety (e.g., rate of admissions, adverse events, or
infections); 5) quality of life (QoL).

Search methods. We conducted initial hand searches in 
PubMed and checked reference lists of relevant articles to identify 
potential studies for inclusion. We searched Medline and Embase 
as a combination search with deduplication via the Ovid plat-
form and the Cochrane Central Register of Controlled Trials from 
inception to May 2019. There were no restrictions based on lan-
guage, study design, or publication status. Clinical experts were 
contacted for additional unpublished data. Ongoing and unpub-
lished trials were identified through the ClinicalTrials.gov and World 
Health Organization International Clinical Trials Registry Platform 
registries. The full search strategy is presented in Supplementary 
Tables 1– 4, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24184/ abstract.

SIGNIFICANCE & INNOVATIONS
• Individuals living with axial spondyloarthritis may

consider the reduction of tumor necrosis factor 
inhibitor (TNFi) therapy at some point during their 
course of treatment.

• A meta- analysis of randomized controlled trials
(RCTs) was completed to bring together high- quality 
evidence and determine the safety and efficacy of 
reducing the standard TNFi dose in regard to dis-
ease activity and symptom severity.

• Data from 6 RCTs suggest that, in comparison to
dose reduction strategies or complete withdrawal 
of treatment, standard TNFi doses promote sus-
tained improvement in disease activity and help to 
prevent disease relapse.

• There should be further study of different TNFi
dose reduction regimens to evaluate the potential 
for a dose response or differences in treatment ef-
fect depending on the type of TNFi that is reduced.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24184/abstract
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Study selection. Title and abstract screening was com-
pleted independently and in duplicate (DOL and ME, MJ, AL, or 
TA) through the online review application Rayyan (28). The screen-
ing form was piloted (50 articles in duplicate) and revised accord-
ingly to update any items lacking clarity. Authors independently 
examined the retrieved articles for relevance and excluded articles 
not meeting the inclusion criteria. Full texts of all relevant articles 
were assessed independently and in duplicate (DOL and ME) 
using an Excel spreadsheet (Microsoft) after piloting the screening 
form. Conflicts were resolved through discussion.

Assessment of risk of bias. Two review authors (DOL 
and ME or TA) independently assessed the risk of bias in studies 
and for each outcome using the Cochrane Collaboration’s tool for 
assessing risk of bias in RCTs (29). Additionally, we had planned to 
use funnel plots to assess reporting bias. Disagreements between 
reviewers were resolved through discussion, and a third reviewer 
(LM or RDI) was consulted if no consensus could be reached.

Data collection and synthesis. Two review authors (DOL 
and ME) independently extracted data into a spreadsheet. Only 
published, intent- to- treat data were extracted from each study 
where available. The weighted mean difference (MD) was com-
puted for continuous outcomes (e.g., BASDAI score) and risk 
ratios (RRs) for dichotomous outcomes (e.g., relapse). The natural 

log of the incidence rate ratio (IRR) and its SE were computed for 
safety outcomes. We obtained raw data from graphs and con-
verted data from medians, proportions, and SE to SD as needed 
when not directly reported (30,31). Potentially skewed data 
(e.g., SD > mean) were not pooled, and no value imputations or 
assumptions were made for missing data. Pooled estimates were 
reported with 95% confidence intervals (95% CIs). All analyses, 
based on the DerSimonian- Laird random- effects model, were 
completed in Stata, version 15.1, using the Metan package (32). 
We assessed statistical heterogeneity using the chi- square test, 
and the I2 statistic was used to determine if pooling studies was 
appropriate (33,34). Outcomes that could not be pooled were 
summarized narratively. When data were available, considerable 
heterogeneity (I2 ≥ 75%) was evaluated through prespecified sub-
group analyses by prior TNFi exposure, TNFi drug, type of reduc-
tion strategy, follow- up duration, disease classification, and sex 
(35,36). A priori sensitivity analyses were planned to further inves-
tigate heterogeneity by removing studies with high risk of bias, 
 follow- up visits <6 months, and studies investigating multiple TNFi.

RESULTS

Details of the screening process, study selection, and rea-
sons for exclusion are summarized in Figure 1. Our search yielded 
a total of 2,717 records for screening. We reviewed 299 full texts 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) flow diagram of search and study selection.
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for eligibility and included 13 articles and abstracts reporting on 
6 RCTs with 747 participants in the meta- analysis. The study 
characteristics are summarized in Table 1. Of the included tri-
als, there were 442 participants classified as having AS, and 305 
classified as having nonradiographic axial SpA. The median age 
of participants across studies was 39 years, and the majority 
were male, with a median proportion of 76.9%. Disease dura-
tion ranged, where reported, with a median of 12 years. Two 
studies (37,38) included patients who were naive to TNFi ther-
apy. One study investigated full discontinuation of TNFi (39) as 
a method of reduction, and the remaining 5 studies incorporated 
either a reduced dose (40,41) or an extended dosing interval 
(37,38,40,42) of the TNFi (see Table 2 for TNFi regimens). Three 

studies used etanercept (38,41,42), one used infliximab (37), one 
used adalimumab (39), and one used any of adalimumab, etan-
ercept, golimumab, and infliximab (40), which could not be sep-
arated out by outcome. The studies were conducted primarily in 
Europe (France, Italy, Spain, and the UK), one in China, and there 
was one large multinational trial. Four additional studies were 
identified from trial registries, for which details are presented in 
Table 3.

Risk of bias. Our assessment of the overall risk of bias for 
each included study is summarized in Figure 2. We were unable to 
assess reporting bias as there were <10 eligible studies retrieved. 
The selective reporting and incomplete outcome data domains 
were judged to have the lowest risk of bias across studies, although 

Table 1. Description and characteristics of included studies*

Breban et al,  
2008 (37)

Cantini et al,  
2013 (42)

Yates et al,  
2015 (41)

Li et al,  
2016 (38)

Landewé et al,  
2018 (39)

Gratacós et al, 
2019 (40)

Design Parallel Parallel Parallel (NI) Parallel Parallel Parallel (NI)
Country France Italy UK China Multiple† Spain
No. of sites 32 1 2 2 107 22
TNFi Infliximab Etanercept Etanercept Etanercept Adalimumab Adalimumab, 

etanercept, 
golimumab, 
infliximab

Type of reduction Extended  
interval

Extended  
interval

Reduced dose Extended  
interval

Discontinuation Extended interval 
and reduced dose 
(infliximab)

Naive to TNFi Yes No No Yes No No
Active disease at enrollment Yes No NR Yes No No
Form of disease AS AS AS AS Nonradiographic  

axial SpA
AS

Classification criteria Modified NY Modified NY Modified NY Modified NY ASAS ASAS
Total no. of participants

Standard dose 124 21 24 17 152 62
Reduced dose 62 22 23 26 153 61

Age, mean ± SD years
Standard dose 41.4 ± 12.3 38‡ 46.7 ± 14.1 22.0 ± 4.0§ 34.7 ± 10.3 46.2 ± 13.7
Reduced dose 40.0 ± 9.6 37‡ 46.7 ± 14.1 22.0 ± 4.0§ 35.3 ± 10.2 43.7 ± 12.4

Sex, male
Standard dose 93 (75.0) 16 (76.1) 41 (87.2) 14 (82.4) 96 (63.2) 53 (88.3)
Reduced dose 45 (72.6) 18 (81.8) 41 (87.2) 20 (76.9) 93 (60.8) 49 (81.7)

HLA– B27 positive
Standard dose 92 (80.0)¶ NR NR NR 132 (86.8) NR
Reduced dose 48 (82.8)# NR NR NR 134 (87.6) NR

Disease duration, mean ± SD years
Standard dose 14.6 ± 10.5 12‡ NR 0.58 ± 0.23§ 1.9 ± 2.9** 12.8 ± 10.4**
Reduced dose 13.8 ± 7.0 13‡ NR 0.58 ± 0.23§ 1.8 ± 2.9** 10.7 ± 9.4**

Outcome measurement, no. of 
weeks

58 93†† 26‡‡ 12 40 52§§

Relapsed¶¶  
Standard dose – 2 (9.5) 4 (16.7) – 45 (29.6) 4 (6.4)
Reduced dose – 3 (13.6) 11 (47.8) – 81 (52.9) 6 (10.1)

Time to relapse, months##
Standard dose – 10.0 ± 1.1 6.0 – 9.2 12.0
Reduced dose – 8.0 ± 3.2 6.0 – 9.2 12.0

Analysis*** ITT ITT ITT ITT ITT ITT and per 
protocol

Trial number NCT00439283  
(ClinicalTrials)

NR 2010- 029013- 10  
(EudraCT)

NR NCT01808118  
(ClinicalTrials)

2011- 005871- 18 
(EudraCT);  
NCT01604629 
(ClinicalTrials)

(Continued)
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one study was judged at high risk of bias for both (39). Except for 
one double- blind study (39), the remaining studies were open- label 
designs, and blinding of outcome assessment, participants, and 
personnel was judged to have the highest risk of bias. Methods 
for random sequence generation and allocation concealment were 
not reported in 2 studies (38,42). Additionally, many outcomes 
(e.g., adverse events, ASAS40, and BASDAI score, some of which 
can be included in the criteria for remission/relapse) were subjec-
tively measured. For most, all outcomes were reported as planned 
in the methods section. A summary of all pooled outcomes is pre-
sented in Table 4 (for forest plots, see Supplementary Figures 1–7, 
available on the Arthritis Care & Research website at http://onlin e  
libr ary.wiley.com/doi/10.1002/acr.24184/ abstract).

Efficacy. ASDAS. There were insufficient data to pool 
the ASDAS. According to one study with 47 participants, 
the mean ± SD ASDAS increased in the dose reduction 
group from 2.15 ± 1.02 to 2.18 ± 0.94 and decreased in the 
standard- dose group from 1.70 ± 0.70 to 1.60 ± 0.79, with 
the latter differences being reported as statistically significant at 
P < 0.05 (41). One study reported the baseline median ASDAS 
with CRP for 120 of 123 participants and an adjusted score 
from a regression model at follow- up for a per- protocol set of 
participants (40). Additionally, some means were reported, but 
for different subsets of patients and not the originally allocated 
groups. Another study reported the mean ASDAS at baseline 

for all 305 participants but reported proportions at predefined 
cutoffs for the follow- up (e.g., inactive disease, major improve-
ment, and clinically important improvement) (39).

ASAS40. Three studies with 535 participants reported on 
ASAS improvement criteria (37,39,41). Counts represent a maxi-
mum of 1 event (i.e., an event or state of improvement at the end 
of follow- up) per participant where more events are desirable. 
Fewer patients achieved ASAS40 (RR 0.62 [95% CI 0.49, 0.78]) 
with the reduced dose compared to the standard dose. The het-
erogeneity was low (I2 = 21%) and appeared consistent visually 
(see Supplementary Figure 1, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24184/ abstract).

BASDAI. Four studies reported on the BASDAI, but one 
study was omitted from the analysis due to the presence of 
skewed data (e.g., large SDs) (41). Three studies with 272 par-
ticipants were included in the analysis (37,38,42). Compared to 
the standard dose, there was a mean increase in BASDAI score 
with the reduced dose (MD 0.35 [95% CI 0.10, 0.60]) and low 
heterogeneity (I2 = 0%) (see Supplementary Figure 2, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24184/ abstract).

CRP. Four studies reported on CRP level, but 2 studies were 
omitted from the analysis due to skewed data (37,41). Due to high 
heterogeneity (I2 = 77.5%), the remaining 2 studies with 86 par-
ticipants were not pooled (38,42). Upon visual inspection, studies 

Breban et al,  
2008 (37)

Cantini et al,  
2013 (42)

Yates et al,  
2015 (41)

Li et al,  
2016 (38)

Landewé et al,  
2018 (39)

Gratacós et al, 
2019 (40)

Funding sources Schering- 
Plough

NR Pfizer NR AbbVie Spanish Ministry of 
Health;  
ERDF; 
MINECO– ISCIII

* Values are the number (%) unless indicated otherwise. Standard dose = control arm; reduced dose = intervention arm. AS = ankylosing 
spondylitis; ASAS40 = Assessment of SpondyloArthritis international Society criteria for 40% improvement; ERDF = European Fund for Regional 
Development; ITT = intent- to- treat; MINECO– ISCIII = Ministerio de Economia y Consumo– Instituto de Salud Carlos III, Subdirección General de 
Evaluación; NI = noninferiority; NR = not reported; SpA = spondyloarthritis; TNFi = tumor necrosis factor inhibitor. 
† Australia, Belgium, Brazil, Canada, Czechia, Denmark, Finland, France, Germany, Ireland, Italy, Republic of Korea, Mexico, Netherlands, New 
Zealand, Norway, Poland, Russian Federation, Slovakia, Spain, Sweden, Switzerland, UK, and US (based on trial record). 
‡ Only median reported. 
§ Only mean and range reported; SD was estimated using the range rule (i.e., SD = maximum– minimum/4). 
¶ Only 115 of 124 with data. 
# Only 58 of 62 with data. 
** Reported as years from diagnosis. 
†† Pooled mean ± SD 21.5 ± 1.4 months was derived from reported mean follow- up of 21 ± 1.6 months and 22 ± 1.1 months for standard- and 
reduced-dose arms, respectively. 
‡‡ Reported as 6 months. 
§§ Reported as 12 months. 
¶¶ Per author definition (i.e., Breban et al: relapse; Yates et al: loss of clinical response; Landewé et al: any flare; Gratacós et al: relapse based on 
an adjusted percentage estimate from binomial regression); reported only for studies that required patients to be in remission or have stable 
disease at start of study. 
## Reported only for studies that required patients to be in remission or have stable disease at start of study. 
*** Data extracted for review. Extracted ITT data for all outcomes except as follows: Yates et al (ASAS40 data based on 1 participant missing from 
standard- and reduced-dose arms); Landewé et al (ASAS40 and relapse rate data based on modified ITT, which incorporated a nonresponder 
imputation where only data prior to rescue therapy were included); Gratacós et al (baseline data were reported for a full analysis set, which 
included 120 participants who started the allocated treatment [2 and 1 participants lost to follow- up in standard- and reduced-dose arms, 
respectively]). Infections (any) and upper respiratory tract infection rates were based on ITT (standard dose: 62; reduced dose: 61). Relapse rates 
were based on per-protocol analysis (standard dose: 55, reduced dose: 58). 

Table 1. (Cont’d)
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appeared inconsistent in their results, with a mean increase (MD 
0.63 [95% CI 0.01, 1.24]) with the reduced dose in one study, and 
no difference (MD – 0.31 [95% CI – 0.92, 0.31]) between groups 
in the other study. Both studies evaluated extended intervals of 
etanercept; however, the study with no reported difference in CRP 
levels also enrolled TNFi- naive participants with newly diagnosed 
active disease over a short follow- up duration (38).

Remission. We distinguished between achieving and main-
taining remission, only pooling those studies in which the eligibility 
criteria did not require patients to be in remission for enrollment. 
Among the studies that required patients to have stable disease 
or to be in remission at the start of the study, because the cri-
teria varied between studies (e.g., BASDAI score ≤2, BASDAI 
score <4, ASDAS inactive disease, and other criteria), we could 

Table 2. Summary of reduced (intervention arm) and standard (control arm) dose regimens of TNFi in included studies*

Breban et al, 
2008 (37)

Cantini et al, 
2013 (42)

Yates et al, 
2015 (41)

Li et al, 
2016 (38)

Landewé et al, 
2018 (39)

Gratacós et al, 
2019 (40)

TNFi Infliximab Etanercept Etanercept Etanercept Adalimumab Adalimumab, 
etanercept, 
golimumab, 
infliximab

Route Intravenous Subcutaneous Subcutaneous Subcutaneous Subcutaneous Adalimumab, 
etanercept, and 
golimumab were 
subcutaneous; 
infliximab was 
intravenous

Standard of care 
for TNFi

5 mg/kg every 6– 8 
weeks

50 mg every week 50 mg every 
week

25 mg twice every 
week

40 mg every 2 
weeks

Adalimumab, 40 mg 
every 2 weeks; 
etanercept 25 mg 
twice every week 
or 50 mg every 
week; golimumab 
50 mg every 4 
weeks; infliximab 5 
mg/kg every 6– 8 
weeks

Standard dose 
administered

5 mg/kg at weeks 
4, 6, and 10 
(loading), then 5 
mg/kg every 6 
weeks; 7.5 mg/
kg not earlier 
than at week 40 
if relapse during 
2 consecutive 
visits (n = 6)†

50 mg every week 50 mg every 
week

25 mg twice every 
week

40 mg every 2 
weeks

Adalimumab 40 mg 
every 2 weeks; 
etanercept 25 mg 
every 3 days or 50 
mg every week; 
golimumab 50 mg 
every 4 weeks; 
infliximab 5 mg/kg 
every 6– 8 weeks

Reduced dose 
administered

5 mg/kg at weeks 
4, 6, and 10 
(loading), then 5 
mg/kg on 
demand only if 
relapse, with a 
minimum 
interval of 4 
weeks between 
infusions; 7.5 
mg/kg not 
earlier than at 
4th on- demand 
dose, if relapse 
(n = 4)†

50 mg every 2 
weeks; 50 mg 
every week if 
relapse (n = 3)‡

25 mg every 
week; 50 mg 
every week if 
lost clinical 
response 
(n = 4)§

25 mg twice every 
week for 4 
weeks, then 25 
mg every week 
for 8 weeks

Placebo; 40 mg 
every 2 weeks 
for at least 12 
weeks if flare 
(n = 68)¶

Adalimumab 40 mg 
every 3 weeks; 
etanercept 50 mg 
every 10 days; 
golimumab 50 mg 
every 6 weeks; 
infliximab 3 mg/kg 
every 8 weeks

Time point 
reduced dose 
administered

4 weeks after 
enrollment

Exact time point 
not specified

Exact time point 
not specified

0 weeks after 
randomization/
allocation

0 weeks after 
randomization/
allocation

Exact time point not 
specified

Duration of 
treatment (i.e., 
last follow- up 
visit)

Up to week 52 
(standard), up to 
week 54 
(reduced); study 
entry: April to 
October 2003

Up to weeks 
~84– 100; study 
entry: January 
2010

Up to week 26 (6 
months); study 
entry: 
November 
2010 to 
September 
2012

Up to week 12; 
study entry: 
March 2009

Up to week 40; 
study entry: 
April 2013 to 
September 2015

Up to week 52 (12 
months); study 
entry: July 2012 to 
May 2014

(Continued)
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not assess the maintenance of remission. Two studies with 233 
participants reported on remission according to the ASAS criteria 
for partial remission (i.e., the proportion of participants achieving 
remission among those who did not have stable disease at base-
line) (37,41). Compared to the standard dose, there were fewer 
remission events achieved with the reduced dose (RR 0.17 [95% 
CI 0.06, 0.46]) and low heterogeneity (I2 = 0%) (see Supplemen-
tary Figure 3, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24184/ abstract).

Relapse. Although the basis for measuring relapse was not 
always clear, we sought to take a more conservative approach for 
assessing relapse and therefore used the study authors’ defini-
tions including: BASDAI score ≥4 (40,42), disease flare (39), and 
increased infusion dose (37). Four studies with 647  participants 
were pooled and compared to the standard dose; there were more 
relapse and/or disease flare events with the reduced dose (RR 
1.73 [95% CI 1.32, 2.27]). Heterogeneity was low (I2 = 0%), 

suggesting that it was reasonable to pool these studies (see Sup-
plementary Figure 4, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24184/ 
abstract).

Safety. The reporting of safety data varied widely across 
studies. Rate of infections was the most commonly reported, 
and among these, upper respiratory tract infections (URTI) were 
reported separately most often.

Any infections. Six studies with 747 participants reported on 
the total number of infections during the study period (37– 42). 
Infections could not be differentiated on the basis of seriousness 
due to differences in reporting and were instead pooled as “any 
infection.” There was no difference in infection rates between 
groups (IRR 0.98 [95% CI 0.76, 1.25]), and the heterogeneity 
was low (I2 = 0%) (see Supplementary Figure 5, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24184/ abstract).

Breban et al, 
2008 (37)

Cantini et al, 
2013 (42)

Yates et al,  
2015 (41)

Li et al,  
2016 (38)

Landewé et al, 
2018 (39)

Gratacós et al, 
2019 (40)

Additional notes DMARDs (e.g., CSA, 
HCQ, IM gold, IV 
bisphosphonate 
MTX, SSZ, thiol 
compound) had 
to be withdrawn 
≥4 weeks prior 
to enrollment; 
NSAID and 
corticosteroid 
doses had to be 
stable for ≥4 
weeks prior to 
enrollment; 
3- arm study with 
2 intervention 
arms including 1 
reduced TNFi + 
cointervention 
arm, which was 
excluded from 
this review

IM and systemic 
NSAIDs and 
corticosteroids 
not permitted 
during study; 
for pain, 
analgesics 
(acetaminophen 
or tramadol) 
were permitted; 
no patients 
received 
physical therapy 
or 
psychotherapy

Receipt of 
adjuvant 
treatments 
(e.g., 
glucocorticoids 
or NSAIDs) was 
permitted

Oral SSZ for 3 
weeks (0.75 gm/
day, 3 times 
every day in 1st 
week; 1.5 gm/
day, 3 times 
every day in 2nd 
week; 2.0 gm/
day, twice every 
day in 3rd week) 
and oral LEF for 
12 weeks (20 
mg/day) 
permitted for 
peripheral 
arthritis

Doses of DMARDs 
had to be stable 
for 28 days, and 
NSAIDs, 
analgesics, or 
corticosteroids 
for 14 days prior 
to baseline; start 
or changes in 
concomitant 
medications not 
permitted until 
either the end of 
the study, or at 
least 12 weeks of 
rescue therapy; 
after rescue, 
start or changes 
in concomitant 
medications 
(e.g., analgesics, 
corticosteroids 
at maximum 
dose ≤10 mg 
prednisone 
equivalent every 
day, DMARDs, 
NSAIDs) 
permitted

NSAIDs and dose 
modification 
permitted 
throughout the 
study (details 
about any dose 
modifications that 
may have occurred 
not provided); 
DMARD and NSAID 
use was not 
standardized and 
could be adjusted 
by investigators as 
needed to control 
symptoms

* ASDAS = Ankylosing Spondylitis Disease Activity Score; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; CRP = C- reactive protein; 
CSA = cyclosporine; DMARDs = disease- modifying antirheumatic drugs; HCQ = hydroxychloroquine; IM = intramuscular; IV = intravenous; LEF = 
leflunomide; MTX = methotrexate; NSAIDs = nonsteroidal antiinflammatory drugs; SSZ = sulfasalazine; TNFi = tumor necrosis factor inhibitor. 
† Relapse: as indicated by a negative answer to “Since the last connection, do you think that your disease has remained under control?”, a positive 
answer to “Since the last connection, do you think that your disease has been worsening?”, and either an increase in BASDAI score of ≥1 on a 
10- point scale, or an increase in the patient’s assessment of pain of ≥2 on a 10- point scale compared with the lowest score reached by that patient 
since the first infusion. 
‡ Relapse: no definition provided. 
§ Clinical response: as indicated by a 50% reduction in BASDAI score, or a fall ≥2 units and ≥2- unit reduction in spinal pain as measured on a 
10- point scale at 6 months postrandomization. 
¶ Flare: as indicated by ASDAS ≥2.1 (high disease activity) on 2 consecutive visits; for the second consecutive visit to qualify as a flare, the ASDAS 
was calculated using the last available high- sensitivity CRP level prior to the visit. 
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URTI. Three studies with 471 participants reported on rates 
of URTIs (39,40,42). There was no difference between groups (IRR 
0.71 [95% CI 0.41, 1.19]), and the heterogeneity was low (I2 = 0%) 
(see  Supplementary Figure 6, available on the Arthritis Care & 
Research website at  http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24184/ abstract).

Injection or infusion reactions. Four studies with 319 partici-
pants reported rates of infusion reactions (i.e., for infliximab, which 
is administered intravenously) (37) and injection reactions (i.e., for 
etanercept, which is administered subcutaneously) (38,41,42). 
There was no difference between groups (IRR 1.14 [95% CI 
0.58, 2.25]), and the heterogeneity was low (I2 = 22.6%) (see 

Figure 2. Summary of risk of bias in the included studies with review authors’ judgments. Color figure can be viewed in the online issue, which 
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24184/abstract.

Table 3. Summary of ongoing or recently completed unpublished trials identified from registries*

Trial Number NCT01610947 NCT02505542 NCT03253796 NTR7640
Design Parallel Parallel Parallel Parallel
Country France Multiple† Multiple‡ Netherlands
No. of sites 1 108 71 NR
TNFi Adalimumab, etanercept, 

golimumab, infliximab
Certolizumab Golimumab Adalimumab, certolizumab, 

etanercept, golimumab, infliximab
Type of reduction Extended interval Extended interval and 

discontinuation
Extended interval and 

discontinuation
Extended interval, discontinuation, 

and reduced dose (infliximab)
Naive to TNFi No No No No
Form of disease SpA Axial SpA Nonradiographic axial SpA Axial SpA
Enrolled 

participants
398 736 300 (estimated) 190 (estimated)

Age, years 18+ 18– 45 18– 45 18+
Funding sources 

or sponsor
University Hospital, 

Montpellier
UCB Biosciences, 

Parexel
Merck Sharp & Dohme Sint Maartenskliniek

Status Completed, results 
unavailable

Active, recruitment 
closed

Active, recruitment closed Not started

* NR = not reported; SpA = spondyloarthritis; TNFi = tumor necrosis factor inhibitor. 
† Belgium, Bulgaria, Czechia, France, Germany, Hungary, Netherlands, Poland, Romania, Spain, Taiwan, Turkey, UK, and US. 
‡ Czechia, Germany, Netherlands, Poland, Romania, Russian Federation, Spain, Turkey, and Ukraine. 
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Supplementary Figure 7, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24184/ 
abstract).

QoL. There were insufficient data to pool QoL. Three trials 
reported on generic measures, including the EuroQoL 5- domain 
(EQ- 5D) questionnaire, Short Form 36 (SF- 36) health survey, and 
the Health Assessment Questionnaire for the Spondyloarthropathies 
(HAQ- S). One study reported a statistically significant (P < 0.02) dif-
ference between the standard dose and reduced dose on the men-
tal component of the SF- 36 at follow- up. However, the reduced 
dose included data for both reduction arms, including the reduced 
dose plus methotrexate cointervention arm (37). There were no dif-
ferences on the SF- 36 physical component. Another study reported 
no differences (P = 0.092) between groups in the mean change from 
baseline for HAQ- S, although not all randomized participants were 
assessed (39). A third study used the EQ- 5D and reported no dif-
ferences for this outcome measure for all randomized participants 
(41). Two trials (40,41) reported data for disease- specific measures: 
the Ankylosing Spondylitis Quality of Life (ASQoL) questionnaire 
and the Evaluating Ankylosing Spondylitis Quality of Life (Easi- QoL) 
questionnaire. One study reported increased limitation (e.g., higher 
scores) in physical function at follow- up, according to the EasiQoL, 
in the standard- dose group (P < 0.05) and no differences for the oth-
er domains or in the reduced- dose group (41). Similarly, there were 
no reported differences in ASQoL, although scores were increased 
(e.g., worse QoL) at follow- up for both groups, and data were likely 
skewed in the standard- dose arm (41). The other trial did not pro-
vide baseline data for ASQoL for comparison, and follow- up values 
were based on an adjusted regression model. Additional data for 
this measure were reported for a smaller subset of participants and 
not the randomized groups (40).

Subgroup and sensitivity analyses. We planned to 
investigate considerable heterogeneity (i.e., overall I2 ≥ 75%) for 
possible sources, which was only evident in the meta- analysis 
for CRP level. However, since only 2 studies were pooled for this 

outcome, the a priori subgroup analyses and exclusion of studies 
based on predetermined criteria were not possible. Additionally, it 
was not possible to assess any sex differences because no stud-
ies reported data by sex. We completed post hoc subgroup analy-
ses for all outcomes when >2 studies were pooled and found no 
significant subgroups.

Our results were robust to sensitivity analyses, with the exclu-
sion of studies that had short follow- up periods (38), investigated 
several TNFi therapies (40), and enrolled patients with active dis-
ease or where this was unreported (37,38,41). The observed effect 
for relapse vanished with the exclusion of a study that investigated 
TNFi discontinuation (RR 1.39 [95% CI 0.64, 2.99; I2 = 0%]); how-
ever, this was also the largest trial contributing 305 participants 
(39) (see Supplementary Table 5, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24184/ abstract).

DISCUSSION

To our knowledge, this is the first systematic review with 
a meta- analysis of RCTs investigating the safety and efficacy of 
TNFi dose reduction for the treatment of axial SpA. To strengthen 
the quality of this review and provide a clearer assessment of 
the effect of TNFi dose reduction in axial SpA, we restricted our 
analy sis of the current evidence to RCTs only. Our findings con-
firm previous studies in which standard TNFi doses suggest some 
benefit for disease activity and are more efficacious for achiev-
ing and maintaining stable disease. There were no discernable 
group differences for general measures of safety, including rates 
of infection. From a clinical standpoint, it is unclear whether there 
is a strong enough clinical basis to withdraw therapy altogether. 
Although treatment recommendations for the best dose reduction 
strategies cannot be made at this time given the heterogeneity in 
tapering strategies reported in the literature, this decision should 
be an individualized one between the patient and their physician. 
Additionally, since most of the studies only included patients with 

Table 4. Summary of meta- analyses*

Outcome
No. of studies  

(no. of participants) References
Effect estimate 

(95% CI) I2, % Favors
Efficacy

ASAS40 3 (535) 37,39,41 RR 0.62 (0.49, 0.78) 21 Standard
BASDAI score 3 (272) 37,38,42 MD 0.35 (0.10, 0.60) 0 Standard

Remission
ASAS partial remission 2 (233) 37,41 RR 0.17 (0.06, 0.46) 0 Standard

Relapse
Relapse 4 (647) 37,39,40,42 RR 1.73 (1.32, 2.27) 0 Standard

Safety
Any infections 6 (747) 37– 42 IRR 0.98 (0.76, 1.25) 0 ND
URTI 3 (471) 39,40,42 IRR 0.71 (0.42, 1.19) 0 ND
Injection/infusion reactions 4 (319) 38,41,42 IRR 1.14 (0.58, 2.25) 22.6 ND

* 95% CI = 95% confidence interval; ASAS40 = Assessment of SpondyloArthritis international Society criteria for 40%
improvement; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; IRR = incidence rate ratio; MD = mean 
difference; ND = no difference; RR = risk ratio; URTI = upper respiratory tract infections. 
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AS, our study findings may not be generalizable to nonradio-
graphic axial SpA, which is considered to be an earlier or milder 
form of disease than AS. It is possible that TNFi dose reduction 
strategies may be acceptable in this group, but further research 
is needed.

We have faced several limitations during the conduct of this 
review. Due to the small sample of available RCTs, it was impractical 
to compare subgroups based on dose regimens because all stud-
ies implemented various strategies. Across all studies, we found 
that for most outcomes there was some degree of high- risk bias 
(e.g., blinding and selection bias). This can lead to concerns with 
detection and performance biases if participants are aware of the 
TNFi regimen that they receive, impacting the perception of their 
condition and the measurement of outcomes relating to their dis-
ease state. For example, participants might be more cognizant of 
specific symptoms and overreport if they are aware that their dose 
has been reduced or discontinued. This can also result in meth-
odologic challenges in study conduct and introduces difficulties in 
the critical appraisal of study designs. Researchers should employ 
better practices in addressing important biases (i.e., selection, 
performance, and detection biases), as well as practicing better 
reporting by following the Consolidated Standards of Reporting 
Trials (CONSORT) statement guidelines for RCTs (43). Although 
concerns with blinding and self- reporting cannot be neglected, 2 
double- blind RCTs, one recently completed and another ongoing 
at the time of this study (NCT02505542 and NCT03253796) can 
provide valuable data by addressing these issues.

Due to insufficient data, we were unable to assess some of 
the most patient-important outcomes (ASDAS, maintenance of 
remission, and quality of life) in this meta- analysis. There are addi-
tional outcomes that we did not assess that can further support the 
evaluation of efficacy and safety of TNFi dose reduction. However, 
the availability of certain data, such as the modified Stoke Ankylos-
ing Spondylitis Spinal Score for AS, is typically limited in the con-
text and duration of RCTs. Long- term follow- up data from cohort 
studies may be of greater value for assessing such outcomes. As 
such, incorporation of evidence from only RCTs may detract from 
the more pragmatic approaches to dose tapering that are sought, 
especially when application of tapering strategies in a real- world 
setting is the primary goal. For example, there is value in assessing 
the economic impacts of reducing TNFi doses. In settings where 
drugs are not available through a subscribed health plan, the option 
for a dose reduction or extended administration interval can be an 
important consideration. Future research should also aim to study 
both tapering and withdrawal approaches in more detail to better 
characterize the mechanisms and outcomes involved for each 
pathway of dose reduction. Our analysis is also limited in its com-
pleteness without the incorporation of newer, TNFi biosimilar thera-
pies that are rapidly becoming available.

Although there are large variations in the available observa-
tional studies on this topic, some designs, including large pro-
spective cohorts, can offer insights into the types of patients 

who may be most responsive to dose reduction strategies. Cova-
riates that may be informative and should be explored with meta- 
regression analyses include optimal criteria for determining 
remission (e.g., ASAS criteria, ASDAS, or BASDAI score), form of 
disease, smoking history, symptom and disease duration, positi-
vity for HLA– B27, sex, and previous drug exposure. For example, 
since symptoms of axial SpA can wax and wane, the severity of 
disease may be an effect modifier. Therefore, various definitions of 
disease stability may impact our understanding of the effects of 
different dose reduction strategies on patient outcomes. Interpre-
tation of efficacy can also be misconstrued with the ASAS change 
score because ASAS40 can represent a change from 9 to 5 on 
the BASDAI, where 5 is still a high BASDAI score. In this case, the 
ASDAS may be the ideal measure because it represents a state. 
When considering change that is clinically meaningful, the min-
imum clinically important difference for BASDAI score has been 
explored in the literature, and 2 studies have shown changes of 
~1.0– 1.1 units on a 0– 10 visual analog scale to be considered 
clinically important for improvement (44,45). In our meta- analysis 
based on 3 RCTs, there was a mean increase of 0.35 units in the 
reduced- dose group, which may suggest a difference that is not 
clinically meaningful. Examining the marginally opposite effects 
on CRP level between studies, since variability in results is multi-
factorial and extends beyond different patient characteristics, 
there may be alternative reasons for the observed differences, 
including permitted concurrent medications (e.g., NSAIDs), unre-
ported factors, and chance.

Dose response and individual patient data meta- analyses can 
provide insight into some of the observed heterogeneity across tri-
als and should be explored in future studies (46). Given the grow-
ing body of evidence on this topic, future evidence syntheses 
should also incorporate network meta- analyses, which allow for 
the comparison of multiple interventions and combinations (47). 
As there are currently no standard TNFi tapering or withdrawal 
regimens for axial SpA, network meta- analyses can aid our under-
standing of the differences in clinical and patient- important out-
comes between different TNFi regimens including dose reduction 
strategies. This can also help determine optimal strategies with 
regard to better patient outcomes.
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Most Appropriate Conventional Disease- Modifying 
Antirheumatic Drug to Combine With Different Advanced 
Therapies in Rheumatoid Arthritis: A Systematic Literature 
Review With Meta- Analysis
Guillaume Decarriere,1  Thomas Barnetche,2 Bernard Combe,1 Cécile Gaujoux- Viala,3 Cédric Lukas,1 
Jacques Morel,1  and Claire Daien1

Objective. In rheumatoid arthritis, the association between advanced therapies (including biologic disease- modifying 
antirheumatic drugs [DMARDs] and targeted synthetic DMARDs) and methotrexate (MTX) is recommended by international 
societies. When MTX cannot be used, other conventional synthetic DMARDs (csDMARDs) may be proposed. We aimed 
to compare the safety and efficacy of MTX and non- MTX csDMARDs in combination with advanced therapies.

Methods. We systematically searched the literature for studies comparing the effectiveness, retention rate, and 
safety of MTX versus non- MTX csDMARDs (leflunomide or others) in combination with tumor necrosis factor inhibitors 
(TNFi), abatacept, rituximab, tocilizumab, and JAK inhibitors. Meta- analysis was performed with RevMan, using an 
inverse variance approach with fixed or random- effects models. Risk ratios (RRs) and 95% confidence intervals (95% 
CIs) were estimated.

Results. The literature search revealed 3,842 articles; 41 studies were included for the systematic literature review 
and 21 for the meta- analysis: 13 with TNFi, 3 with abatacept, and 5 with rituximab. For TNFi, the European Alliance of 
Associations for Rheumatology (EULAR) response at 6 months was lower for patients receiving non- MTX csDMARDs 
than for those using MTX (RR 0.93 [95% CI 0.87, 1.0], P = 0.04; n = 3,843; I2 = 28%), with a lower retention rate at 
12 months. For abatacept, effectiveness and safety were similar between the 2 groups. For rituximab, a good EULAR 
response was higher with leflunomide than MTX (RR 1.38 [95% CI 1.13, 1.68], P = 0.001; n = 2,078; I2 = 0%), with 
similar adverse event rates. Meta- analysis for tocilizumab or JAK inhibitors could not be performed.

Conclusion. The different csDMARDs seem safe and efficient to combine with advanced therapies in RA patients. 
Although MTX seems slightly superior to other csDMARDs in combination with TNFi, leflunomide might be superior 
to MTX in combination with rituximab.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease 
characterized by synovial inflammation leading to both cartilage 

destruction and bone erosions. Advanced therapies (biologic 
disease- modifying antirheumatic drugs [DMARDs] and targeted 
synthetics DMARDs) have changed RA management and the out-
comes for RA patients. Methotrexate (MTX) is the first- line therapy 
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for RA and represents an anchor drug (1,2). With an inadequate 
response to MTX, advanced therapies, including tumor necrosis 
factor inhibitors (TNFi: golimumab, etanercept [ETA], adalimumab, 
certolizumab, and infliximab [INF]), abatacept (ABA), rituximab 
(RTX), tocilizumab (TCZ), and JAK inhibitors (tofacitinib and baric-
itinib) can be used. The association between these advanced ther-
apies and MTX is recommended by international societies (3). In 
case of contraindication or intolerance to MTX, other conventional 
synthetic DMARDs (csDMARDs) such as leflunomide (LEF) or sul-
fasalazine (SSZ) can be used as first line- therapy or combined 
with advanced therapies (2). LEF and SSZ have demonstrated 
efficacy and safety as monotherapy (4). However, their effective-
ness and safety versus MTX in combination with advanced ther-
apies remain unclear. The aim of this study was to compare the 
efficacy and safety of non- MTX csDMARDs and MTX combined 
with advanced therapies for RA based on a systematic literature 
review and meta- analysis.

MATERIALS AND METHODS

Literature search. This systematic literature review 
with meta- analysis followed the guidelines of the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
statement. Articles in English, French, or Spanish published up to 
February 2018 were searched in MEDLINE via PubMed, Embase, 
and databases from the American College of Rheumatology 
(ACR) and European Alliance of Associations for Rheumatology 
(EULAR) 2016 and 2017 annual meetings. The search keywords 
used are summarized in Supplementary Appendix A, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24195/ abstract. Two reviewers (GD and 
CD) independently screened titles and abstracts using the website 
COVIDENCE (https://www.covid ence.org/home). Disagreements 
were discussed to achieve consensus. Initially, the reference lists 
of relevant articles were manually searched to identify articles. The 
first search strategy used did not capture all articles, so we mod-
ified the strategy in order not to miss any relevant article. This 
new search strategy captured all articles identified by the man-
ual search. The trials were selected on the basis of titles and 
abstracts, then on full text; duplicates were removed.

Study selection. The research questions were structured 
using the PICOT format (Patients, Intervention, Comparators, Out-
come, Type of study). Studies had to investigate adults (age ≥18 
years) with RA regardless of disease activity, and duration and had 
to involve an advanced therapy including TNFi (golimumab, certo-
lizumab, etanercept, adalimumab, INF), ABA, TCZ, RTX, or JAK 
inhibitors (tofacitinib, baricitinib, upadacitinib, filgotinib, solcitinib, 
peficitinib, or itacitinib) in patients receiving MTX. The compara-
tor had to involve introduction of the same advanced therapy in 
patients receiving non- MTX csDMARDs (all csDMARDs or LEF 
alone). Outcomes had to include effectiveness by using the Dis-
ease Activity Score in 28 joints (DAS28) at follow- up, change in 
DAS28 score, achievement of DAS28 remission and low- disease 
activity, EULAR response, Health Assessment Questionnaire dis-
ability index (HAQ DI) and change in HAQ DI, radiographic pro-
gression, retention rate (percentage), safety assessing all adverse 
events (AEs) and serious AEs (SAEs), and the number of drug inter-
ruptions due to AEs. We included observational cohort studies and 
randomized controlled trials (RCTs) but not case reports or reviews.

Data extraction and quality assessment. Data on the 
study design, sample size, patient and control characteristics 
(age, sex, disease duration, advanced therapy use, csDMARD 
use and dose, prednisone use and dose, clinical baseline charac-
teristics, previous csDMARDs, previous advanced therapy), and 
efficacy and safety outcomes were collected using a predeter-
mined Excel form. The quality and risk of bias of studies suitable 
for meta- analysis were assessed using the Cochrane Risk of Bias 
tool (ROBINS- I) (5), which evaluates participation, attrition, prog-
nostic factor measurement, outcome measurement, confound-
ing, and analysis.

Data synthesis and analysis. Meta- analysis was per-
formed when at least 2 studies evaluated the same outcome, in 
the non- MTX csDMARDs group versus MTX group, with all data 
available (number or percentage of patients and mean ± SD). Sta-
tistical analysis of data involved a comprehensive meta- analysis 
performed with RevMan software and an inverse variance 
approach with fixed or random- effects models, depending on the 
presence of heterogeneity (cutoff: I2 = 20%). We estimated risk 
ratios (RRs) and 95% confidence intervals (95% CIs). Publication 
bias was evaluated by the Egger test and funnel plots.

RESULTS

Literature search results and study characteristics. 
From 3,842 articles revealed by the search, 144 articles and 
abstracts were of potential interest; further examination resulted 
in 21 studies included for the meta- analysis (Figure 1): 13 TNFi, 3 
ABA, and 5 RTX. No meta- analysis could be performed for TCZ 
or JAK inhibitors. For a systematic literature review, 20 studies 
were included: 5 TCZ, 3 JAK inhibitors, 1 ABA, 4 RTX, and 7 TNFi.

SIGNIFICANCE & INNOVATIONS
• The different conventional synthetic disease- 

modifying antirheumatic drugs (csDMARDs) are safe 
and efficient in combination with advanced therapies 
in the management of rheumatoid arthritis.

• Methotrexate (MTX) might be superior to other 
csDMARDs in combination with a tumor necrosis 
factor inhibitor.

• Leflunomide might be superior to MTX in combina-
tion with rituximab.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24195/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24195/abstract
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For studies that were not included in the meta- analysis for 
RTX and TNF (systematic literature review), no difference in term 
of effectiveness or safety was identified (not included due to insuf-
ficient data, lack of mean ± SD, or other outcome evaluated). If 
studies had 2 non- MTX csDMARDs groups, we considered each 
group (comparator and intervention) as 2 independent studies.

Study characteristics. Table 1 shows the characteristics 
of studies included in the meta- analysis of TNFi, ABA, and RTX. 
Most of the studies were cohort studies. Other studies were post 
hoc analyses of RCTs. Baseline characteristics of patients in each 
study are in Supplementary Table 1, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24195/ abstract. Baseline disease activity (DAS28 score) and 
severity (age, sex, rheumatoid factor, anti– citrullinated protein anti-
bodies [ACPAs]) as well as disease duration were similar among 
patients receiving LEF or MTX in each biologic DMARD group, 
when available. The only difference was the use of glucocorti-
coids, with a higher percentage of use in the MTX group with RTX. 
For MTX, the mean dose was 15 mg/week, except for Koyama 
et al (6 mg/week) (6). For LEF, most patients received 20 mg/day. 
The methodologic quality of studies was evaluated and is shown 
in Supplementary Table 2, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24195/ abstract. Studies mostly had moderate risk 
of bias. No study was excluded because of low quality assessment.

TNFi. Effectiveness. The relative risk of good and moderate 
EULAR response at 6 months (3 studies, n = 3,843) was signifi-
cantly lower with non- MTX csDMARDs than with MTX combined 
with TNFi (RR 0.93 [95% CI 0.87, 1.0], P = 0.04; n = 3,843; I2 = 28%) 

(Figure 2A) (6– 8). Most patients with non- MTX  csDMARDs received 
LEF (n = 464 of 681). The mean difference of changed DAS28 score 
(delta DAS28) decreased less with non- MTX csDMARDs than with 
MTX (mean difference = 0.29 [95% CI 0.10, 0.49], P = 0.003; 4 
studies; I2 = 0%, n = 2,075) (Figure 2B) (6,7,9,10). The relative risk of 
DAS28 remission at 6 months was lower with non- MTX csDMARDs 
than with MTX (RR 0.65 [95% CI 0.44, 0.96], P = 0.03; 2 studies; 
I2 = 0%, n = 1,927) (see Supplementary Table 3, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24195/ abstract) (7,11).

For LEF in association with TNFi, the relative risk of good 
and moderate EULAR response was lower with LEF than with 
MTX (RR 0.93 [95% CI 0.90, 0.96], P < 0.0001; n = 5,620) 
(Figure 2C), with no heterogeneity (2 studies; I2 = 0%) (8,12). 
The mean difference of the delta DAS28 score was lower, but 
not significantly, with LEF than with MTX (mean difference = 0.32 
[95% CI – 0.05, 0.70], P = 0.09; n = 226; 2 studies; I2 = 0%) 
(Figure 2D) (9,10). No publication bias was found (Egger test: 
Figure 2A: P = 0.642; Figure 2B: P = 0.094; Figures 2C and 
2D: not significant) (see Supplementary Table 3, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24195/ abstract; P = 0.05).

Persistence rate. The relative risk of persistence at 12 months 
was lower with non- MTX csDMARDs than with MTX (RR 0.91 [95% 
CI 0.88, 0.95], P < 0.0001; 4 studies; I2 = 0%, n = 8,764) (see 
Supplementary Table 4A, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24195/ 
abstract) (13– 16). Most of the patients with non- MTX csDMARDs 
received LEF (1,264 of 1,448). As expected, for LEF, the relative risk 
of persistence was similarly lower with LEF– TNFi as compared with 

Figure 1. Flow chart of the systematic literature review with meta- analysis. ABA = abatacept; ACR = American College of Rheumatology; 
EULAR = European Alliance of Associations for Rheumatology; JAKi = JAK inhibitors; RTX = rituximab; SLR = systematic literature review;  
TCZ = tocilizumab; TNFi = tumor necrosis factor inhibitors.
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Figure 2. Effectiveness for tumor necrosis factor inhibitor (TNFi) with non- methotrexate (MTX) conventional synthetic disease- modifying 
antirheumatic drugs (csDMARDs) or leflunomide (LEF) versus MTX– TNFi. A, Risk ratio of good and moderate European Alliance of 
Associations for Rheumatology (EULAR) response at 6 months for csDMARDs; B, Mean difference of delta Disease Activity Score in 
28 joints (DAS28) at 6 months for csDMARDs; C, Risk ratio of good and moderate EULAR response at 6 months for LEF; and D, Mean 
difference of delta DAS28 at 6 months for LEF. 95% CI = 95% confidence interval; Int = interventional study (post hoc analysis); Obs = 
observational study (cohort). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24195/abstract.
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MTX– TNFi (RR 0.91 [95% CI 0.87, 0.95], P < 0.0001; n = 7,900; 3 
studies; I2 = 0%) (see Supplementary Table 4B, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24195/ abstract) (13,15,16). 
We found no publication bias (Egger test: Supplementary Table 4A, 
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24195/ 
abstract: P = 0.529; Supplementary Table 4BB, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24195/ abstract: P = 0.45). 
Fewer data were available for the long- term. In the Strangfeld et al 
study, discontinuation rates at 36 months were higher with LEF than 
with MTX, with 53.4%, 63.1%, and 67.1% for etanercept, ADA, and 
INF, respectively, in combination with LEF, and 46.3%, 51.3%, and 
61.5% with MTX (16).

Safety. The risk of SAEs was higher with non- MTX csDMARDs 
than with MTX (RR 1.63 [95% CI 1.32, 2.01], P < 0.00001; 6 stud-
ies; I2 = 0%, n = 5,995) (Figure 3A). In the non- MTX csDMARDs 
group, 1,133 of 1,442 patients took LEF (7,9,11,12,17,18). Simi-
larly, we found an increased risk with LEF versus MTX in associa-
tion with TNFi (RR 1.74 [95% CI 1.33, 2.28], P < 0.0001; 2 studies; 
I2 = 0%, n = 3,756) (Figure 3B) (9,12). A meta- analysis of total AEs 
was not possible because of lack of data. No publication bias was 
found (Egger test: Figure 3A: P = 0.381; Figure 3B: not significant).

ABA. Effectiveness. We found only 2 studies with a delta 
DAS28 score and 3 with change in HAQ DI. Alten et al (19) recently 
retrieved post hoc data from 3 clinical trials and 1 observational study 
(20– 23). The 2 groups (non- MTX csDMARDs and MTX groups) did 

not differ in the delta DAS28 score (mean difference = 0.08 [95% 
CI – 0.12, 0.28], P = 0.43; I2 = 0%, n = 883) (Figure 4A) or change 
in HAQ DI (mean difference = 0.01 [95% CI – 0.04, 0.07], P = 0.59; 
I2 = 0%, n = 1,561) (Figure 4B). LEF represented 35% of the non- 
MTX csDMARDs group (79 of 218 patients) for the delta DAS28 
score and 40% (144 of 361 patients) for change in HAQ DI. For 
the delta DAS28 score and HAQ DI change, respectively, other 
csDMARDs were SSZ (42 of 218 [19.3%] and 78 of 361 [21.6%]), 
hydroxychloroquine (60 of 218 [27.5%] and 95 of 361 [26.3%]) 
and azathioprine (34 of 218 [15.6%] and 44 of 361 [12.2%]). No 
publication bias was found (Egger test: Figure 4A: not significant, 
Figure 4B: P = 0.382). Long- term results at 12 and 24 months in 
the ACTION study did not show any differences in DAS28 with the 
C- reactive protein (CRP) level or change in HAQ DI for ABA com-
bined with non- MTX csDMARDs versus MTX (23).

Safety. We found no difference in the risk of total AEs be-
tween non- MTX csDMARDs– ABA and MTX– ABA (RR 0.96 [95% 
CI 0.85, 1.09], P = 0.53; 3 studies; I2 = 11%, n = 1,561) (Figure 4C) 
 (20– 22). The most common AEs were infections, followed by skin 
and subcutaneous tissue disorders (no difference). A lower number 
of patients was included as compared with the analysis with TNFi 
(n = 1,561 versus n = 5,995 for TNFi). We found no differences in 
the risk of SAEs (RR 0.96 [95% CI 0.21, 4.46], P = 0.96; 3 stud-
ies; I2 = 59%, n = 1,561) (Figure 4D), but with high heterogeneity 
between the 3 studies because of the small sample sizes. Of the 
361 patients with non- MTX csDMARDs, LEF represented 40% 

Figure 3. Serious adverse events rate for tumor necrosis factor inhibitor (TNFi) with non- methotrexate (MTX) conventional synthetic disease- 
modifying antirheumatic drugs (csDMARDs) or leflunomide (LEF) versus MTX– TNFi. A, Non- MTX csDMARDs versus MTX; B, LEF versus MTX. 
95% CI = 95% confidence interval; Int = interventional study (post hoc analysis); Obs = observational study (cohort). Color figure can be viewed 
in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24195/abstract.
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of patients (144 of 361). Other csDMARDs were SSZ (78 of 361 
[21.6%]), hydroxychloroquine (95 of 361 [26.3%]), and azathioprine 
(44 of 361 [12.2%]). No publication bias was found (Egger test: 
Figure 4C: P = 0.728, Figure 4D: P = 0.394).

RTX. Effectiveness. The relative risk of good EULAR 
response at 6 months was higher with non- MTX csDMARDs than 
with MTX (RR 1.30 [95% CI 1.09, 1.55], P = 0.004; 5 studies; 

I2 = 0%, n = 2,581) (Figure 5A) (24– 28). The delta DAS28 score 
did not differ between the 2 groups (mean difference = 0.10 
[95% CI – 0.06, 0.26], P = 0.21; 3 studies; I2 = 14%, n = 1,952) 
(see Supplementary Table 5, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24195/ abstract) (24– 26). For patients receiving LEF (317 of 
317 for 3 studies, and not applicable of 160 for Soliman et al) 
combined with RTX, the relative risk of good EULAR response 

Figure 4. Effectiveness and safety at 6 months for abatacept (ABA) with non- methotrexate (MTX) conventional synthetic disease- modifying 
antirheumatic drugs (csDMARDs) versus MTX– ABA. A, Mean difference of delta Disease Activity Score in 28 joints; B, Change in Health 
Assessment Questionnaire disability index score; C, Risk ratio of total adverse events rate; and D, Risk ratio of serious adverse events rate. 95% 
CI = 95% confidence interval; Int = interventional study (post hoc analysis). Color figure can be viewed in the online issue, which is available at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.24195/abstract.
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was 38% higher at 6 months with LEF than with MTX (RR 1.38 
[95% CI 1.13, 1.68], P = 0.001; 4 studies; I2 = 0%, n = 2,078) 
(Figure 5B) (24,25,27,28). Moreover, the delta DAS28 score 
was decreased more with LEF than with MTX but not signifi-
cantly (mean difference = 0.18 [95% CI – 0.01, 0.38], P = 0.07; 

2 studies; I2 = 0%, n = 1,449) (Figure 5C) (24,25). No publication 
bias was found (Egger test: Figure 5A: P = 0.878; Figure 5B: 
P = 0.834; Figure 5C: not significant; Supplementary Table 5, 
available on the Arthritis Care & Research website at http://onlin e 
library. wiley.com/doi/10.1002/acr.24195/ abstract): P = 0.715).

Figure 5. Effectiveness or safety for rituximab (RTX) with non- methotrexate (MTX) conventional synthetic disease- modifying antirheumatic drugs 
(csDMARDs) or leflunomide (LEF) versus MTX– RTX. A, Risk ratios of good European Alliance of Associations for Rheumatology (EULAR) response 
at 6 months for csDMARDs; B, Risk ratios of good EULAR response at 6 months for LEF; C, Mean difference of delta Disease Activity Score in 
28 joints at 6 months for LEF; and D, Risk ratios of serious adverse event rate for LEF. 95% CI = 95% confidence interval; Obs = observational 
study (cohort). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24195/abstract.
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RTX retreatment. In the Richter et al study, second treat-
ment with RTX was 62.4% in the LEF group and 55.6% in the 
MTX group (29). In the CERRERA registry, retreatment was lower 
during the first 12 months in the LEF than in the MTX group 
(21.5% versus 31.9%) (24).

Safety. The LEF– RTX and MTX– RTX groups did not differ in 
the risk of AEs (RR 0.78 [95% CI 0.51, 1.19], P = 0.25; 3 studies, 
n = 1,546) (Figure 5D) (24,25). One study represented 82.4% of 
the weight of this analysis (24), but results were similar in the 3 
studies, without heterogeneity (I2 = 0%). No publication bias was 
found (Egger test: Figure 5D: P = 0.77). No difference in the SAE 
rate was found.

TCZ. Effectiveness. Three articles were retrieved, but the 
heterogeneity of outcome measures did not allow for meta- 
analysis. In the Genovese et al study, ACR 20% improvement 
(ACR20) at 6 months represented 51 of 78 patients (65.4%) and 
269 of 456 patients (59%), respectively, for TCZ– LEF and TCZ– 
MTX (30). In the Narváez et al study, ACR 50% improvement 
(ACR50) at 6 months represented 11 of 26 patients (42%) in the 
LEF group and 24 of 55 (44%) in the MTX group (31). EULAR 
response did not differ, with good EULAR response in 16 of 26 
patients (62%) versus 34 of 55 (62%) with LEF and MTX, and 
good- moderate EULAR response in 23 of 26 (88%) versus 51 of 
55 (93%). No differences were found in the mean delta DAS28 
score (2.17 ± 1.43 versus 2.23 ± 1.38) and for DAS28 remis-
sion (<2.6: 11 of 26 (42%) versus 24 of 55 (44%) for LEF versus 
MTX). Inanc et al observed a similar rate of remission between 
TCZ with LEF and with MTX (42% versus 35%, P > 0.05) in the 
TURKBIO registry at 6 months (32).

Persistence rate. In the Jones et al study, the persistence 
rate at 12 months was 75 of 97 (77%) and 99 of 139 (71%) with 
non- MTX csDMARDs and MTX, respectively (33). No long- term 
data were available.

Safety. Narváez et al did not find any differences in total 
AEs (17 of 29 [59%] and 32 of 62 [52%] with LEF and MTX, 
respectively, P = 0.65) or SAEs (3 of 29 [10%] and 7 of 62 
[11%], respectively, P = 0.89) (31). In another study, the AE 
rate was 52 of 78 (67%) and 332 of 456 (73%) with LEF and 
MTX (30).

JAK inhibitors. Effectiveness. Only 2 studies for tofac-
itinib and 1 for baricitinib were available to compare the effec-
tiveness of combining non- MTX csDMARDs and MTX. In 
ORAL SYNC, the ACR20 response with tofacitinib 5 mg twice 
a day was similar with LEF or MTX (70.6% versus 71.7%), 
but a small number of patients was included (37 versus 159) 
(34). We found no difference in the mean change in HAQ score 
at month 3 (– 0.53 and – 0.45, respectively). In the TURKBIO 
registry, the level of remission and low disease activity rate 
at 6 months were lower with LEF than with MTX (21% ver-
sus 42%) combined with tofacitinib, but the difference was 

not statistically significant because of the small sample size 
of patients with tofacitinib in this registry (n = 33). No baseline 
characteristics were available to compare the 2 groups (32). 
In the RA- BUILD RCT evaluating baricitinib (4 mg per day), 
ACR20 at 6 months was 53% (23 of 43) versus 67% (76 of 
114) with non- MTX csDMARDs and MTX. The ACR50 was 
40% (17 of 43) versus 42% (48 of 114) and DAS28- CRP <3.2 
(remission plus low disease activity) was obtained in 44% (19 
of 43) versus 52% (59 of 114) (35).

Safety. In the ORAL SYNC study, safety did not differ be-
tween combining tofacitinib 5 mg twice a day with MTX or LEF, 
but conclusions were limited due to the small sample size in 
each group (159 versus 37) (34). No data were available for 
baricitinib.

DISCUSSION

In this study we compared the safety and efficacy of MTX 
and other csDMARDs combined with advanced therapies. As 
expected, MTX was associated with better outcomes compared 
to other csDMARDs, including LEF, when associated with TNFi, 
although the difference was modest: 7% higher EULAR response, 
a difference of (baseline minus 6 months) delta DAS28 score in 
favor of the MTX group of 0.3 at 6 months and a 7% higher persis-
tence rate compared to non- MTX csDMARDs. MTX is thus a good 
option to use when possible in association with TNFi. Conversely, 
LEF seemed superior to MTX when combined with RTX, with 38% 
higher EULAR response and similar tolerance. For association 
with ABA, we found no difference between non- MTX csDMARDs 
and MTX for effectiveness or AE rate. Similarly for association with 
TCZ, no difference was found between non- MTX csDMARDs and 
MTX, although the literature is sparse. For baricitinib, the small 
number of patients included in the csDMARDs group and the lack 
of safety data preclude conclusions.

The superiority of LEF over MTX combined with RTX might 
be explained by a possible synergistic effect between the 2 drugs. 
LEF inhibits de novo pyrimidine synthesis by targeting the cellular 
dihydroorotate dehydrogenase, thereby decreasing T-  and B- cell 
proliferation in vitro (36,37). However, LEF was also shown as able 
to interfere with the JAK/STAT pathway and to inhibit interleukin 
(IL)- 17 and TNF (38), which could reinforce TNFi effects. LEF also 
inhibits B- cell proliferation in vivo, inducing B- cell apoptosis in 
chronic lymphocytic leukemia (39). Thus, LEF could reinforce the 
effect of RTX on B cells.

However, both MTX and LEF could potentiate TNFi effects. 
Indeed, MTX may inhibit IL- 6 production by macrophages, which 
could facilitate a synergistic effect with TNFi (40). Many studies 
have demonstrated that MTX decreases the formation of antidrug 
antibodies in RA (41). Conversely, the effect of LEF on immuno-
genicity has been poorly studied, and we lack data on a direct 
comparison of MTX and LEF. Dénarié et al explored TNF bioactivity 
in RA patients receiving INF: 39 women with RA and active disease 
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despite csDMARDs received INF combined with  csDMARDs (24 
for MTX, 13 for LEF, and 2 for hydroxychloroquine). At 22 weeks, 
the level of TNF bioactivity and antibody toward INF content were 
lower with MTX than with other csDMARDs (42).

LEF was the most common drug in the non- MTX csDMARDs 
group. SSZ was less often used Specifically analyzing patients 
with SSZ was not possible due to the small number of patients. 
Addressing the effect of SSZ would require further studies. For 
hydroxychloroquine, other data are needed, and this meta- analysis 
could not answer this question because of the small number of 
patients receiving hydroxychloroquine. Patients included in regis-
tries received other csDMARDs such as bucillamine, azathioprine, 
D penicillamine, gold salts, and tacrolimus, but we lack data to 
recommend their use in clinical practice. In recent international 
guidelines, these drugs were not recommended in combination 
with advanced therapies (1,2).

This work has some limitations. Studies included were mostly 
observational (cohort studies). The choice of drugs probably 
depended on confounding factors that were not taken into account 
in the analysis, which might be a major bias. However, the choice 
of drugs does not appear to be explained by differences in base-
line characteristics of patients. The only numerical difference was 
the use of glucocorticoids, with higher use in the MTX versus the 
non- MTX csDMARDs groups (96% versus 84%). Baseline disease 
activity (identical DAS28 score) or severity (age, sex, rheumatoid 
factor, ACPAs) were similar between patients receiving LEF or 
MTX. For the RTX analysis, the study by Chatzidionysiou et al rep-
resented a large part of the weight, but results were comparable 
among studies, without heterogeneity (I2 = 0%) (24).

Wendler et al found a similar trend for mean difference of 
the delta DAS28 score of approximately 0.10 between LEF and 
MTX associated with RTX, which was approximately the mean 
difference we showed (43). This study could not be included in 
our meta- analysis because of lack of confidence intervals in the 
article. Another limitation of our study was lack of data for struc-
tural efficacy of advanced therapies in combination with MTX or 
non- MTX csDMARDs. These data would be important to assess 
before claiming a potential superiority of LEF over MTX in combi-
nation with RTX.

Another bias could be that MTX is the first choice for most 
patients with RA. Therefore, other csDMARDs are used as sec-
ond or third DMARDs when MTX has failed. However, looking at 
baseline characteristics of the included studies, we found that the 
number of anterior previous csDMARDs, when data were avail-
able, did not differ between MTX and the non- MTX csDMARDs 
group, in association with RTX: 2.1 ± 0.36 in the non- MTX csD-
MARDs group and 2.16 ± 0.37 in the MTX csDMARDs group. 
For TNFi, the number of anterior previous csDMARDs was 
3.84 ± 0.92 in the non- MTX csDMARDs group and 3.14 ± 0.86 in 
the MTX group. In addition, most registries were European, from 
different countries, which could limit the generalizability, especially 
for Asian populations. The mean dose of MTX was 15 mg/week, 

and most patients received 20 mg/day of LEF, which represents 
optimal doses in routine practice. The MTX dose was usually 
lower for Japanese patients than for Europeans, and in 1 study 
that was included, the mean MTX dose in Japanese RA patients 
was approximately 6 mg/week (6).

In conclusion, non- MTX csDMARDs, especially LEF, are safe 
and efficient alternatives to MTX in association with advanced 
therapies. In this work, LEF appeared to be superior to MTX 
when combined with RTX. RCTs should be conducted to confirm 
whether the LEF– RTX combination is superior to MTX– RTX.
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Fatherhood Experiences of Men With Inflammatory 
Arthritis: A Preliminary Grounded Theory
Michal Avrech Bar,1 Thao T. Dao,2 Leah R. DeBlock Vlodarchyk,3 and Catherine L. Backman4

Objective. Minimal prior research has examined the impact of inflammatory arthritis (IA) on men’s perspectives 
on parenting. We aimed to describe fathering roles and experiences, the effect of IA on parenting activities, and 
strategies used by fathers with IA to fulfill this role.

Methods. A grounded theory approach guided data gathering and analysis. Nine men with IA, parenting at least 1 
child age <19 years, were recruited through rheumatology practices, therapy clinics, and social media. Each engaged 
in 1 in- depth personal interview. Transcripts were analyzed using inductive and iterative steps to identify key themes 
and a preliminary explanatory framework of fathering experiences of men with IA.

Results. All men were married, ages 31– 62 years, with 1 to 5 children ages 6 months to 28 years. “Being an involved 
father” describes participants’ perspectives on fulfilling their role as hands- on parents, role models, and financial 
providers. “Taking ownership” explains how participants managed daily life, comprising 2 subthemes, “taking care of 
yourself,” using strategies like exercise and communicating with loved ones, and “redefining yourself,” a process of 
adapting to reframed identity and lifestyle adjustments. “Accessing support” indicates men who felt well- supported 
by social networks (most critically their wives), health care providers, and informational and educational resources.

Conclusion. This small, grounded theory study offers an enriched understanding of fatherhood experiences of 
men with IA. When social, practical, and educational supports are in place, these men found parenting joyful and 
rewarding. Despite task limitations, their perspectives on being involved fathers was unrestricted by arthritis.

INTRODUCTION

From the time of industrialization, the primary focus of fathers 
has been economic support for the family (1), while child- rearing 
has rested primarily on mothers. However, the rise of women join-
ing the workforce shifted family roles and paternal involvement has 
evolved (2– 3). Contemporary fathers are increasingly described 
as equal partners in parenting (3– 4), as care providers, protec-
tors, models, moral guides, and breadwinners (1). Several stud-
ies have described men as integral to domestic and child- rearing 
activities, taking more responsibility for organizing and plan-
ning their children’s lives (2,5– 7), yet statistics show this shifting 
responsibility remains gradual, with men still providing the majority 
of household income and doing less household work and child 
care than women (8).

Less is known about the fathering experiences of men with 
arthritis. Inflammatory types of arthritis (e.g., rheumatoid arthritis 

[RA], ankylosing spondylitis [AS]) are chronic autoimmune dis-
eases accompanied by significant pain, fatigue, and potential 
loss of mobility (9), contributing to difficulties at work and in rela-
tionships (10). Although there are no definitive prevalence figures 
for inflammatory arthritis (IA) as a group of conditions, 3– 5% of 
Canadians are estimated to be living with some form of IA (11). 
While most types of IA affect approximately twice as many women 
as men (11), AS affects 2 to 3 times as many men as women (12). 
IA leads to reduced work capacity, promotional opportunities, 
educational achievement, and performance of nonpaying jobs 
and housework (9– 10), but regarding men, little is known about 
IA and parenting.

Women have qualitatively described negative impacts of IA 
on their role as mothers, such as pain and fatigue disrupting the 
performance of parenting tasks and limitations leading to feel-
ings of loss, yet also suggesting how new routines to accommo-
date IA can positively influence family relationships and nurturing 
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children (13– 16). Men with IA may have similar parenting issues, 
but few studies have examined their perspectives. Pain, fatigue, 
and physical functioning create parenting challenges for both men 
and women, but mothers have reported more difficulty caring for 
preschool children, while fathers had more difficulty with older 
children (17). A narrative review on the psychosocial impact of 
RA found sex differences regarding the impact on quality of life, 
work, distress, coping, and support, but cited the lack of stud-
ies including men’s experiences (18). A qualitative study of fathers 
with scleroderma reported that fatigue, physical limitations, and 
vascular changes prevented men from engaging in physical play 
with their children (19). Men with cancer reported that manag-
ing multiple roles as working men, husbands, and fathers became 
increasingly complex when dealing with illness, and the ongoing 
emotional impact included feelings of frustration, isolation, and 
fear of mortality (20), similar to men with scleroderma (19).

A gap exists regarding the impact of IA on fathers. Qualitative 
investigations of men with IA will offer insight into perspectives 
on fatherhood and difficulties encountered and will inform health 
services and resources to support parenting. Therefore, our study 
purpose was to describe fathering roles and experiences, the 
effect of IA on parenting activities, and strategies used by fathers 
to fulfill this role in the presence of arthritis.

MATERIALS AND METHODS

Design. The Standards for Reporting Qualitative Research 
(21) guide this report. A qualitative interview study informed by 
grounded theory (22– 23) is selected as an appropriate starting 
point when little is known about a phenomenon. Constructivist 
grounded theory (23– 24) is congruent with the research purpose, 
to understand a social process (fathering) grounded in real- life 
experiences. Data gathering and analysis occur concurrently and 
support co- construction of concepts reflecting participants’ sub-
jective experiences of fathering in the presence of IA. Interview 

studies in our region attract few men, and this was an initial, 
unfunded investigation; consequently, we planned to recruit 10– 
12 men to justify the need for further study. While some authors 
recommend samples of 20– 30 participants for grounded the-
ory, congruence with study purpose and data quality are equally 
important considerations in determining sample adequacy (24). 
The systematic yet flexible grounded theory methodology, applied 
well, scales down to small samples (25).

Participant selection. Potential participants were fathers 
who: 1) had at least 1 child age <19 years living at home, at least 
1 week per month (if shared custody); 2) had an IA diagnosis con-
firmed by a rheumatologist (RA, AS, psoriatic arthritis, or juvenile 
idiopathic arthritis [JIA]); and 3) were residing within 100 km of Van-
couver, Canada. We sought variation in age/number of children, dis-
ease duration, and disease onset before/after parenthood as primary 
considerations and kept eligibility criteria broad to foster recruitment. 
Recruitment notices were distributed via rheumatologists’ offices, 
a multidisciplinary arthritis outpatient clinic, and social media. The 
University of British Columbia Behavioral Research Ethics Board 
approved the study and all participants provided informed consent.

Data collection and analysis. One in- person, in- depth 
semistructured interview occurred with each participant at a 
location of his choice (home, workplace, coffee shop). Interviews 
discussed households, a typical day, what it was like to be a 
father, the impact of arthritis on daily life, and parenting strategies. 
 Follow- up probes encouraged elaboration. A patient research 
partner (a parent with arthritis) helped develop the interview guide 
(Table 1). Questions and probes evolved as interviews occurred 
to incorporate insights from prior interviews and test preliminary 
categories, consistent with grounded theory approaches toward 

SIGNIFICANCE & INNOVATIONS
• This preliminary grounded theory fills a knowledge 

gap on the impact of arthritis on fathering, describ-
ing how married men experience parenting in the 
presence of inflammatory arthritis (IA).

• While men in this study reported some task limita-
tions due to arthritis, overall, they believed IA did 
not affect their sense of being involved, engaged, 
and committed fathers.

• This group of men uniformly “took ownership” of 
their health and “redefined” themselves as com-
petent fathers able to concurrently manage their 
disease and their parenting responsibilities, with 
examples that differ from the range of women’s ex-
periences with arthritis and motherhood reported 
in prior studies.

Table 1. Interview guide as it existed for interviews 4 and 5*
1) Basic demographic queries: age, marital status, children, 

diagnosis.
2) Tell me about your family. What interests do you have/what 

do you like to do as a family?
3) Tell me about a typical day. Explore work, household 

activities, hobbies, chores, child care. What’s working well/
isn’t working?

4) Tell me about your arthritis. Explore impact, if any: on what 
you do, on your activities, on your decisions as a family.

5) How would you define the role of a father? What do dads do, 
or are they expected to do? (Probe for personal, family, 
societal expectations). Follow- up: What does being a dad 
mean to you/how do you feel about being a father? What 
makes you proud?

6) Are you experiencing any challenges with your arthritis or 
your role as a father, physical, emotional, or otherwise? What 
strategies do you use to manage challenges or demands?

7) What kind of support or information do you look for? Have 
you found the support you need? Who provides it?

8) Any advice for other dads?
9) Anything you’d like to add?

* Interviews were conversational in nature and used this list as a 
topic guide, not as a script. 
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theoretical sampling and deeper understanding. All interviews 
were conducted by the second author (TTD), audiotaped, and 
transcribed verbatim.

An iterative analytical process (detailed in Figure 1) con-
structed main themes and a preliminary grounded theory (22– 24,26). 
Repetition, coherence, and support of conceptual categories 
across successive interviews suggested theoretical saturation for 
identified themes, but the wholly transparent reason that recruit-
ment stopped was lack of resources.

RESULTS

Participants. Nine men, ages 31– 62 years, were inter-
viewed (Table 2). Eight men were married with children at home 
full- time; 1 divorced participant was remarried with stepchildren 
living with him and his wife part- time. Participants had 1 to 5 

children, ages 6 months to 28 years. Three became fathers before 
their IA diagnosis, 5 had IA before having children, and 1 had 2 
children before his diagnosis and 3 afterward. Two men immi-
grated to Canada (from Holland and Ethiopia), 1 was of Chinese 
descent, and the remainder White. Participants selected their 
own pseudonyms. Eight interviews lasted from 46 to 72 minutes 
(mean = 60), and 1 interview was 2 hours.

Core themes. Although participants reported varied views 
on fatherhood and IA impact, men in this study universally loved 
being fathers. Paul- 2 stated, “I love being a dad…it means 
the world to me,” and TMC noted, “I love it…I always wanted 
to be a dad. I wanted to have kids when I was 21 years old.” 
Colin declared, “It’s the best role you can have. Being a parent 
is the most important thing there is. It comes ahead of work, it 
comes ahead of social time, it comes ahead of everything else.” 

Figure 1. Summary of data analysis procedures. Initials indicate the authors.
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Process informed by Strauss & Corbin (22), Charmaz (23), and Shkedi (26).

Table 2. Participant characteristics*

Name† Age
Diagnosis/
duration Children Employment status Other

Chuck 37 AS, 13 years Son, age 6 months Full-time graduate student Father had AS
TMC 44 AS, 27 years Sons, ages 12, 14 years Firefighter and shopkeeper Father had AS
Colin 50 PsA, 20 years Daughters, ages 16, 18, 20 

years
Marine terminal manager –

Dan 62 RA with SS, 3 
years

Stepsons at home, ages 18, 
20 years; sons no longer at 
home, ages 26, 28 years

Aircraft mechanic instructor 
on short- term disability 
leave

Lives in Canada and 
Thailand

Joe 48 RA, 1 year Daughters, ages 7, 13 years Produce manager on sick 
leave

Chinese ethnicity

Paul- 1 57 PsA, 4 years Son, age 6 years Bookbinder on short- term 
disability leave

Emigrated from 
Ethiopia

Paul- 2 42 AS, 7 years plus 
childhood 
arthritis

Five children, ages 1.5, 4, 6, 9, 
15 years

Poultry farm manager Emigrated from Holland

Trent 31 JIA, 29 years Daughter, age 6 months Disability pension Wife has JIA
Sean 30s‡ AS, 9 years Daughter, age 6 months Environmental scientist, on 

parental leave
– 

* AS = ankylosing spondylitis; JIA = juvenile idiopathic arthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis; SS = Sjögren’s syndrome.
† Participants chose their own pseudonym. 
‡ Precise age not stated. 
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Our analysis generated 3 core themes (depicted in Figure 2): 
being an involved father, taking ownership (with 2 subthemes), 
and accessing support.

Theme 1: being an involved father. Men discussed 
fatherhood as being involved in their children’s lives, depicted in 
3 categories: “hands- on parent,” “role model,” and “financial pro-
vider.” Participation in fathering occupations entailed doing tasks 
required to care for children, which varied with life stages. “You do 
everything that needs to be done,” said Dan. Chuck’s examples 

of being a hands- on father included: “I change diapers, I get him 
dressed, I expect to do all that stuff.” Others described taking 
children to school, preparing lunches, or accompanying them to 
after- school activities: “I love to take her [youngest daughter] to the 
ballet…and love to go to hockey games with my middle daughter,” 
said Colin, who also coached his daughters’ sports teams.

Being an involved father included sharing and negotiating 
caregiving with their wives. “[Dads do] everything. I have to share 
the main importances [sic] to raise the child together with the wife. 
It’s not my duty only to raise him, but my wife’s too. We share 
everything” (Paul- 1). Sean, on paternity leave while his wife had 
returned to work, described “stay- at- home parenting” as:

“A really unique fathering role, you know, just as the primary 
caregiver. I’m really taking on more of a mothering role, other 
than the obvious biological things. I tend to be the more 
physical parent as far as play with her…I mean I feed her 
more often than her mother does. We’re working on solid 
foods, and that’s a surprising amount of work.”

Although all participants described periods where arthritis 
restricted activity performance and choice, they generally agreed 
with Sean: “There’s not much I’ve been prevented from doing” 
as a parent. Participants relayed past, present, temporary, and 
persistent limitations to performing hands- on tasks due to pain, 
fatigue, and reduced strength or mobility (Table 3: Chuck, Paul- 1, 
Trent). Colin reflected back to when his children were young:

“There were certainly times where I was frustrated as a par-
ent, there were certainly times where…we had to cut a walk 

Figure 2. A preliminary grounded theory explaining fatherhood 
experiences in the presence of inflammatory arthritis, showing 
relationships among core themes.
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Table 3. Additional illustrations for selected themes or subthemes

Theme or subtheme Sample quotes
Being an involved father 

(limitations being hands- on)
I’ve had a few moments where I’ve felt bad because I needed to put him down, he weighs less than 20 

pounds still, but that can be hard sometimes if I’m having a bad day. (Chuck) 
I can’t play Frisbee with my son…so he gets upset a bit because he thinks I’m holding back or something, but 

he understands that I’m in pain. (Paul- 1) 
It’s the physical things, like not being able to bathe her because the bathtub’s too low. (Trent)

Being a role model, guiding, 
mentoring

You want to kind of point them in the right direction and give them all the stimulation and opportunities that 
they need. You want to provide that guidance for them and that assistance. (Dan) 

The importance of being a good father is that there is this linear progression of everything, so you’re going to 
create a lineage of your children who have children, who have children. Just like if you think back to your 
father and your father’s father. It’s an important thing to do because you set their morals; how that 
individual [lives] will affect generations after you. (Colin)

Taking care of yourself Since my diagnosis, I’ve actually increased my mobility, largely through…being active and doing a lot of yoga 
and snowboarding…just making sure that I stay active on a regular basis is sort of the number one thing I 
find for me that’ll really help me get through the day. (Sean) 

I definitely need regular exercise, it makes a big difference. Now, I’ve been particularly lucky in that I come 
from an athletic background and I know how and I know what to do and I came into the disease in fairly 
good shape. I was lifting weights and doing aerobics regularly, every day, pretty much, when I got the 
illness and the exercise makes a huge difference. (Dan)

Redefining yourself I have to change my lifestyle…I have to look after myself and so my primary concern is my physical and 
mental health and I need to make it a priority over and above everything else. (Dan) 

…trying to find…something alternative to what I used to do or living with the new reality. (Trent) 
You need to pace yourself because if you don’t pace yourself, you don’t realize you’re not the same person. 

( Joe) 
It was a tough sort of 5- year period [with active inflammatory arthritis], but my children were small so I didn’t 

miss out on a lot…I didn’t have to worry about kicking a ball hard because they were small. As they got 
older and my fitness increased I was able to relatively confidently coach, so I coached them in soccer and 
softball and some tennis. (Colin)
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short because of me, not my 3- year- old. There were times 
when my children said ‘Daddy, up on shoulders’ and I just 
couldn’t do it when they were small, so that’s disappointing.”

Despite arthritis interfering with specific tasks, men empha-
sized that IA did not affect their ability to be good fathers. Trent, 
physically limited by JIA for many years, said, “Just because 
you’re physically disabled doesn’t mean you’re not going to be a 
good father.” His reflections on being an involved father addressed 
the balance between being hands- on and a positive influence:

“Always be there for your child, emotionally, supportive. I 
mean be there for advice, as a shoulder to cry on, and be 
there to share your triumphs too. I mean father is the play 
figure, too, right? And that’s the biggest part I have struggling 
with this. How do I be that play figure, that big tumbly, wrestly 
dad?”

Being an involved father included guiding children’s devel-
opment as human beings and valuing opportunities to “spend 
as much time as possible” with them (Joe). “Parenting is about 
being a role model and living by example…so arthritis has noth-
ing to do with that” (TMC). When describing important aspects of 
fatherhood, all men talked about providing guidance for the future 
(Table 3, Dan) and being a mentor, facilitator, or teacher, by explain-
ing to their children “what life is all about” (Paul- 1). Colin took a 
longitudinal view, noting how fathers influence multiple generations 
(Table 3).

Five fathers spoke about being the family’s primary financial 
provider. For some, like Paul- 2, being the provider was crucial to 
his involvement: “My first role is to bring money on the table.” He 
referenced the cultural context: “In our community circle, it [being 
a good father] means to take care of your family’s financial aspect.” 
Paul- 1 also relayed traditional sociocultural expectations: “I grew 
up in a society where the father is the breadwinner, you know, 
and mom is a homemaker”; consequently, he felt primary respon-
sibility for his family’s financial security. Dan described pressures 
from financing a house and meeting his family’s material needs. 
In contrast, TMC explained that the traditional financial provider 
role he saw his father fulfill was shifting; while TMC still provided 
the majority of his family’s income, he observed more couples 
sharing in financial, nurturing, and household work, something 
he attributed in part to his 4 days on, 4 days off employment 
schedule.

Theme 2: taking ownership. The second core theme 
explains assuming responsibility to effectively manage daily life 
and adapt to changing circumstances. Taking ownership has 2 
subthemes: “taking care of yourself” and “redefining yourself.”

Taking care of yourself. “Take care of yourself first” was re-
peated within and across interviews to describe adjustments 
learned through experience and formal health education. It was 
a strategy for staying well:

“You have to take care of yourself first. If you don’t take 
care of yourself first then you’re not going to be there. Make 
sense? Take care of yourself first. If you need to rest, if you 
need to do that stuff, then you’ll be that much better a parent 
when you do feel good” (TMC).

Self- care strategies used were regular exercise, obtaining 
arthritis information or treatment, and communicating with fam-
ily and friends. Most fathers stressed taking care of themselves 
physically (Table 3, Sean), and staying active was an easily 
adopted self- management strategy for those engaged in sports 
before their diagnosis (Table 3, Dan).

Participants learned about exercising from their physicians, 
physical therapists, counselors, or the Internet and books, which 
they subsequently verified with health professionals. Paul- 2 sug-
gested that it is “really important that you go hunt for information. 
Be very open- minded and don’t just take 1 source. Take several 
sources.” As Dan explained:

“With a chronic illness, you have to educate yourself and you 
have to take care of yourself and you have to learn to be very 
proactive and you have to do that now. Nowadays, we’re 
lucky there’s so much good stuff on the Internet, and there’s 
good books available but you can’t just limit it to the physical 
aspect…you also have to educate yourself about the psy-
chological aspects…you have to be proactive.”

Another beneficial strategy was communicating with loved 
ones. Chuck said that talking with his wife about his illness reflects 
openness in their relationship, “so that she knows what I need and 
what I can give.” Joe communicated with his daughters:

“As a father, you know, if they want me to play rough or 
jump and that sort of thing, I still have my limitations in 
what I can and can’t do…I just tell them that unfortunately 
I can’t do that right now, because Dad’s knees or ankles 
are still in pain…Dad will get better one day. So she under-
stands.”

Redefining yourself. A second aspect of taking ownership 
was reflecting on self and identity. “Trying to figure out what I 
can do to redefine myself, if you will, and find new interests and 
things I can do,” was the way Trent explained his shifting sense 
of self. By changing priorities, pacing activities, and normalizing 
their disease, fathers redefined their interests and lifestyle, thus 
adapting to both arthritis and the evolving role of father (Table 3, 
Dan, Trent, Joe). Men occasionally changed the way they did 
tasks and found “creative ways of doing it” (Paul- 1) as part of 
redefining self- expectations. While actions aimed at redefining 
themselves overlapped with the prior subtheme of taking care 
of yourself, the second subtheme was differentiated by reflec-
tion on self- identity rather than health. It was enacted by plan-
ning ahead, listening to their bodies, and taking pause, as Dan 
explained:
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“You really have to learn how to pace yourself, as to your 
overall energy levels, you find that you can’t try and do 
too much. If you feel good in the morning and you overdo 
it, you’re really wiped. Luckily, I’m used to listening to my 
body… initially when I first got the illness I was taking 4 naps 
a day. Now I’m typically around 1 nap a day. I knew that one 
of the things I had to do was accept the fact that I have a 
chronic illness that is, you know, reasonably major…I need to 
[set priorities], otherwise I’m not able to perform.”

Participants described adjusting to changing life situations. 
Most fathers normalized their disease as part of life and 2 dis-
missed it as having minimal impact on their lives. Sean said AS 
was “a small part of my life, doesn’t affect much, and parenting- 
wise it certainly doesn’t,” while other fathers were redefining self 
by making sense of their situation and adapting routines associ-
ated with being a father with IA (Table 3, Colin).

Theme 3: accessing and receiving support. Participants 
accessed support from family, friends, and health and social sys-
tems. Without exception, they relied on their wives as their primary 
source of support. Couples negotiated parenting tasks and men 
shared how their wives were essential to their capacity to take 
ownership. Men described reciprocity with their wives:

“We all have things that we’re good at and things that we’re 
bad at…so if I’m limited by fatigue, then that’s where I’d ask 

her for support. And I’ll just stick a little joke in here: when it 
comes to map reading she’ll ask me, and I’ll teach the little 
guy how to read a map because she’s not good at that.” 
(Chuck)

Support ranged from informal and practical assistance with 
childcare or household tasks to formal services within social sys-
tems (e.g., insurance, paid leave, health education) (Table 4). No 
participants were hesitant about seeking or accepting support, 
but a few relayed unmet needs when seeking information specific 
to their situation. Sean said, “One thing…I found very lacking early 
on was support for someone with AS who’s in my demographic…
you know, early 30s, late 20s, athletic- type people. [Everything] 
was designed for people who are old…it didn’t feel appropriate 
and wasn’t helpful.” The core themes of involved father and taking 
ownership are situated against this backdrop of accessing and 
receiving support, illustrated in the preliminary grounded theory 
(Figure 2).

DISCUSSION

Because little prior research has focused on men’s experi-
ences of arthritis and parenting (17– 19), we sought to describe, 
in some depth, fatherhood perspectives among men with IA. 
Like Poole et al (19), we did not achieve our sampling goal, but 
variation in disease duration, functional ability, employment, and 

Table 4. Examples of supports used by fathers with inflammatory arthritis

Source of support Sample quotes
Spouse My wife, yeah, she’s definitely the most key thing for helping through on day- to- day stuff. It depends on the issue 

though. If my issue has something to do with arthritis symptoms, I’ll probably not go to her.…but day- to- day 
absolutely she’s the most important support. (Sean) 

She is wonderfully nurturing, very supportive…absolutely, she’s wonderful. Whatever I need, I wouldn’t have to ask, 
it would just be offered type of thing. (Chuck)

Family members We were also very lucky that we have both my wife’s mother and mine that help babysit and so they’re hanging 
around the house all the time, so we had a good support structure around us. (Colin)

Friends and coworkers [My biggest supporters are] family and friends. But mostly friends. The guys that I work with, yeah, my friends in the 
fire department. They’re like brothers. (TMC) 

Last weekend we had a friend offer to watch him so that we could go mountain biking. But to drive to the trail and 
get a good ride in is more than the 2- hour window between breast feeds, so [my friend] actually came in the car 
with us and walked around with [the baby] while we did a 2- hour bike ride. (Chuck)

Other people with 
inflammatory arthritis

You need to network with other people with arthritis, because there’s a lot to be learned from that, you know. I’ve 
taken some of the courses the Canadian Arthritis Society provides which have been very helpful…very supportive. 
(Dan)

Financial I’m very fortunate that between my insurance coverage, my company, and my wife’s, we don’t pay for any medical 
expenses. My [medication] is, I think I was told, about $17,000 a year now. I don’t pay for a penny of that. (Colin)

Environmental 
adaptations and 
access to assistive 
devices

Definitely an eye- opener, like at first I couldn’t sit down on the toilet. The seat was so low and I just didn’t have the 
strength, so the occupational therapist was great, they rented me a toilet seat from the Red Cross and at first I 
was, to be honest, I was embarrassed about it…it got to the point my wife didn’t want to use the bathroom in our 
bedroom. It did assist me in a lot of ways to get stronger with my legs, in the 3- month period that I did have it, it 
helped. ( Joe) 

I’ve had an occupational therapist come into the house to help with adaptive equipment…supports for things to 
help me in my daily life like raised toilet seats, the bathing chair, little hand grip thing to pick stuff up off the floor, 
can openers. Stuff that I’m having quite a bit of difficulty with right now. (Trent)

Internet, books Anything you need to know, you learn a lot of things from it [the Internet], then you see a way, you know, whether or 
not it’s going to help you, then you ask professionals whether you should do that. Everything on the Internet, I 
don’t believe it’s true, it’s somebody’s opinion. Then you ask the professionals and see whether it works for you. 
(Paul- 1) 

I have a whole box full of magazines and books and articles that I’ve read in the past that I think are interesting and I 
save them. (Paul- 2)
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children’s life stage within our sample provided a range of fathering 
experiences. Figure 2 reflects the socially constructed reality of 
fatherhood for this small group of men with IA. Participants loved 
their role as fathers and were well- supported by partners, family, 
and friends, and thus, the grounded theory generated is specific 
to these men and may not reflect other men’s perspectives.

As involved fathers, the participants regularly engaged in 
tasks such as feeding, dressing, bathing, and playing with their 
children. They saw themselves as role models shaping their chil-
dren’s morals and future. Although participants identified periodic 
frustrations with some hands- on activities, they did not convey 
the emotional distress reported by fathers with scleroderma, 
where fear of death, social isolation, and frustration with inability 
to play with children were prominent features (19). The nature of 
“involved father” among our participants with IA is similar to con-
temporary descriptions of fathers without disabilities (2,27), where 
being committed to parenting and household tasks and authentic 
coparenting are prominent themes. Vocabulary used by our partic-
ipants was consistent with phrases used by nondisabled fathers, 
like “spending time with” and “being there for” their children (28), 
suggesting similar perceptions of what it means to be an involved 
father. While financial provider was a stated role component for 
some fathers, it was not the most important (28), illustrating evolv-
ing views of masculinity, with increased confidence and identity as 
caregivers, an observation corroborated in our study.

Some men with RA seek to preserve hegemonic ideals 
of masculinity (physical strength, breadwinner); other men rene-
gotiate masculinity (replacing former masculine activities with 
redefined masculine activities) or are sufficiently comfortable to 
reject acting in hegemonic masculine ways (29). Parts of our 
analysis support all 3 typologies. Like 2 case studies shared 
by Flurey et al (29), the use of third-person language in some 
quotes from our participants suggests they may be protecting 
hegemonic masculine identities in emotionally challenging sit-
uations by separating themselves from events. The preference 
for exercise as a key self- management strategy is also con-
sistent with a traditional masculine characteristic of physical 
strength. The focus on physical activity for taking care of self 
is consistent with a review reporting that men valued physical 
activity (18). However, our core themes of being an involved 
father and taking ownership are most consistent with renegoti-
ating masculinity, as men in our study described actions taken 
to redefine themselves as fathers. Future research on fathering 
experiences would benefit from directly querying masculinity 
ideals during data generation.

In contrast to fathers without disabilities who prioritized their 
family’s needs over their own (27), our participants identified the 
importance of taking ownership, to take care of themselves first, 
to be well enough to take care of their children. Men in both stud-
ies share a similar belief, that family comes above all, but men with 
IA emphasized managing their illness as the first step to uphold-
ing this belief. The integration of IA into redefining self as part of 

adapting to life with arthritis supports a tentative finding from a 
prior literature review (18).

Our participants readily accepted practical and social support 
and spoke confidently of communicating with others to access 
support, whereas a review reported that men were less likely than 
women to seek support (18). This discrepancy may reflect differ-
ences in the study samples, and further research could identify 
trends in support sought by men and women.

Compared to prior studies of mothers with IA (13,16), fathers 
in the current study perceived participation restrictions differently. 
For example, both mothers (13,16) and fathers reported difficulties 
with or inability doing physical activities like lifting/carrying children 
and playing sports, but the impact on their perception of parent-
ing differed. Some mothers felt a profound sense of loss in doing 
things differently and worried about the impact of their arthritis on 
their children (13,16), whereas fathers explicitly stated that these 
limitations had little to do with being a father. Some mothers sug-
gested that arthritis had positive attributes in nurturing children to 
be caring, thoughtful adults (13,15– 16), which was less apparent 
in fathers’ accounts.

Differences could be explained by more within- sample 
variation in the mothering studies or gendered perspectives on 
parenting responsibilities. Possibly, some women worry more 
than men about the gap between their desired participation 
and actual participation as parents; they report more ups and 
downs in participation attributed to IA (13). Or men in the cur-
rent study may not be fully aware of tasks naturally assumed 
by their wives and do not experience participation in the same 
way as mothers with IA. A similarity observed between mothers 
and fathers is the strong sense of “being” parents, regardless of 
ability.

As one of the few descriptions of fathering and IA, our find-
ings may inform practice. Health professionals should inquire 
about the impact of IA on fathering and the presence of spousal 
support, since these men relied on their wives. Taking owner-
ship, as described in this study, may illustrate ways to promote 
self- management to preserve participation in valued life roles like 
parenting.

Our participants may have volunteered because they valued 
parenting and were more highly involved than other men. They 
were willing to talk about their experiences as fathers with IA and 
were active self- managers; we may be missing voices of “strong 
and silent” men (29– 30). The taking ownership theme suggests 
they were committed to managing their health, and all were well- 
supported by their wives. Therefore, the initial grounded theory 
presented here may have less relevance to single fathers, men 
with same- sex spouses, men who are struggling with their 
disease, or men lacking support. Nevertheless, findings sug-
gest that when social, practical, and educational supports are 
in place, men with IA enjoy parenthood, find it rewarding, and 
believe they are largely unrestricted by arthritis in being good 
fathers.
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Ustekinumab for the Treatment of Giant Cell Arteritis
Mark A. Matza,  Ana D. Fernandes, John H. Stone,  and Sebastian H. Unizony

Objective. To evaluate the efficacy and safety of ustekinumab (UST) in giant cell arteritis (GCA).
Methods. We conducted a prospective, open- label trial of UST in patients with active new- onset or relapsing 

GCA. Active disease was defined as the presence of GCA symptoms and elevation of erythrocyte sedimentation rate 
(ESR) or C- reactive protein (CRP) level within 6 weeks of baseline. All patients received a 24- week prednisone taper 
and subcutaneous UST 90 mg at baseline and at weeks 4, 12, 20, 28, 36, and 44. The primary endpoint, prednisone- 
free remission, was defined as the absence of relapse through week 52 and normalization of the ESR and CRP level. 
Relapse was defined as the recurrence of GCA symptoms requiring treatment intensification. A sensitivity analysis 
excluding ESR/CRP level normalization from the prednisone- free remission definition was performed.

Results. The study enrolled 13 patients (target sample size 20). Enrollment was closed prematurely after 7 of the 
initial 10 patients relapsed. Five patients (39%) had new- onset disease. The initial prednisone doses were 20 mg  
(1 patient), 40 mg (9 patients), and 60 mg (3 patients). All patients entered disease remission within 4 weeks of 
baseline. Only 3 (23%) achieved the primary endpoint. Of the 10 patients (77%) who failed to achieve the primary 
endpoint, 7 relapsed after a mean period of 23 weeks. The remaining 3 patients met the alternative definition of 
prednisone- free remission that did not require ESR/CRP level normalization. One serious adverse event occurred.

Conclusion. UST combined with 24 weeks of prednisone was associated with a high rate of treatment failure in 
this prospective GCA trial.

INTRODUCTION

Giant cell arteritis (GCA) is the most common primary form of 
vasculitis in adults in Western countries, where the lifetime risks in 
women and men age ≥50 years are 1% and 0.5%, respectively (1).  
Signs and symptoms associated with this chronic inflammatory 
disorder include headaches, jaw claudication, scalp tenderness, 
visual impairment, polymyalgia rheumatica (PMR), overwhelm-
ing fatigue, fever, and weight loss. The most frequent disease 
complications are blindness, which occurs in 15– 20% of the 
patients (2), and aortic aneurysm, which develops in 20– 30% of 
the patients (3).

Until recently, the treatment for GCA was limited to lengthy 
courses of glucocorticoids (1). However, 40– 80% of patients 
treated with these regimens develop disease relapse, depend-
ing on the duration of follow- up, the definition of relapse used, 
and most importantly, the rate of glucocorticoid dose reduction 

and whether this medication is tapered to discontinuation (4,5). 
Prolonged use of glucocorticoids in GCA is associated with sev-
eral potential side- effects, including infection, osteoporosis, cat-
aracts, insomnia, psychosis, weight gain, diabetes mellitus, and 
hypertension (6).

Following 2 randomized controlled trials demonstrating that 
interleukin (IL)- 6 signaling blockade with tocilizumab is an effec-
tive therapy for GCA (7,8), treatment approaches are changing. 
Unfortunately, IL- 6 inhibition is not curative, and ~30% of patients 
treated with tocilizumab relapse within 12 months (7,9). In addi-
tion, another 5% of patients must discontinue tocilizumab due to 
treatment- related adverse events (10). Therefore, a great need 
exists in GCA for additional treatment options to prevent disease 
relapse in a manner that is safe and permits a reduction in the use 
of glucocorticoids.

IL- 12 and IL- 23 have been implicated in the pathogenesis 
of GCA by fostering the T helper (Th)1 and Th17 CD4- positive 
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lymphocyte pathways. These cytokines are heterodimers that 
share a common p40 subunit (IL- 12/23p40). In addition, a func-
tional IL- 12 molecule requires a p35 subunit, and a functional IL- 
23 molecule includes a p19 subunit. Preliminary evidence suggests 
that IL- 12/23p40 blockade therapy with ustekinumab (UST) may 
be effective in controlling GCA activity (11). In this pilot trial, we 
aimed to assess the efficacy and safety of UST in combination with 
6 months of prednisone in a group of patients with GCA.

PATIENTS AND METHODS

Study design and patients. We conducted a prospective, 
single- center, single- arm, open- label trial to evaluate the efficacy and 
safety of UST in combination with prednisone in patients with active 
GCA. Patients were required to be age ≥50 years and could have 
either new- onset (diagnosis within 6 weeks of baseline) or relaps-
ing disease (diagnosis >6 weeks from baseline). GCA diagnosis 
required 1) the current or historical presence of characteristic cranial 
symptoms (e.g., new- onset headache, jaw claudication, scalp ten-
derness, visual disturbances) or PMR symptoms; 2) elevated inflam-
matory markers (erythrocyte sedimentation rate [ESR] ≥50 mm/hour 
or C- reactive protein [CRP] level ≥10 mg/liter); and 3) temporal artery 
biopsy or vascular imaging confirmation of the diagnosis. The types 
of vascular imaging studies considered for the purpose of diagno-
sis were computed tomography angiography, magnetic resonance 
angiography, and positron emission tomography.

Disease activity for study enrollment was defined as the pres-
ence of cranial or PMR signs or symptoms along with elevation 
of the ESR (≥40 mm/hour) or CRP level (≥10 mg/liter) within 6 
weeks of baseline. Patients with uncontrolled comorbidities, active 
infection, severe infection or infection requiring antibiotics within 4 
weeks of baseline, a history of recurrent or opportunistic infection, 
or malignancy within the previous 5 years were excluded. Patients 
receiving methotrexate were eligible after a 2- week washout period.

Treatment regimen. All patients received UST 90 mg, 
which was administered subcutaneously at baseline and then at 
weeks 4, 12, 20, 28, 36, and 44. In addition, all patients received a 
prespecified 24- week prednisone taper starting at 60 mg, 40 mg, 
or 20 mg daily (see Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24200/ abstract). The initial prednisone dose was 
selected by the investigators according to best clinical judgment.

Disease assessments and study endpoints. After 
baseline, patients were evaluated at weeks 4, 12, 20, 28, 36, 
44, and 52 (treatment phase). A safety follow- up visit occurred 
at week 60. The primary study endpoint, prednisone- free remis-
sion, was defined as: 1) the absence of relapse from the time that 
remission was achieved through week 52; 2) normalization of ESR 
(<40 mm/hour) and CRP level (<10 mg/liter); and 3) adherence to 
the protocol prednisone taper. Disease relapse was defined as the 
recurrence of signs or symptoms of GCA (e.g., cranial or PMR) 
that required treatment intensification, regardless of the ESR and 
CRP levels. A sensitivity analysis that excluded ESR and CRP 
level from the definition of prednisone- free remission was also per-
formed. Other study endpoints included time to disease relapse, 
cumulative prednisone dose, and safety.

Ethical considerations. The study was conducted in 
accordance with the Declaration of Helsinki and Good Clinical 
Practice guidelines. The study protocol was approved by the Insti-
tutional Review Board of Massachusetts General Hospital, and 
all patients provided written informed consent. The investigators 
designed the study and gathered and analyzed the data.

Statistical analysis. A convenience sample of 20 consec-
utive patients was planned. However, enrollment was prematurely 
closed after 7 of the first 10 patients entering the study relapsed. 
Here we report the outcomes of 13 patients enrolled in the trial. 
All data were analyzed using descriptive methods. Means ± SDs 
were reported for continuous variables. Counts and percentages 
were reported for categorical variables.

RESULTS

Patients. Between December 2016 and August 2018, we 
screened 16 GCA patients for this trial. Three patients failed the 
screening process (dementia [n = 1], severe prednisone- induced 
depression [n = 1], and positive hepatitis B core antibody [n = 1]), 
and 13 patients were enrolled. The mean age of the cohort was 

SIGNIFICANCE & INNOVATIONS
• Interleukin- 12/23p40 blockade with ustekinumab 

combined with 24 weeks of prednisone was asso-
ciated with a high rate of treatment failure in this 
prospective giant cell arteritis trial.

• Ustekinumab was well tolerated.

Table 1. Patient baseline characteristics*

Characteristic
GCA patients  

(n = 13)
Age, mean ± SD years 71 ± 7
Female 11 (85)
White 13 (100)
New-onset disease 5 (39)
Biopsy- proven disease 11 (85)
Imaging- proven disease 4 (31)
Cranial signs or symptoms 13 (100)
PMR symptoms 8 (62)
ESR, mean ± SD mm/hour 41 ± 16
CRP, mean ± SD mg/liter 50 ± 39

* Values are the number (%) unless indicated otherwise. CRP =  
C- reactive protein; ESR = erythrocyte sedimentation rate; GCA = giant 
cell arteritis; PMR = polymyalgia rheumatica. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
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71 years, and 11 (85%) were women. GCA was confirmed by 
temporal artery biopsy in 11 patients (85%) and by vascular imag-
ing in 4 patients (31%). Five patients (39%) had new- onset dis-
ease. Other demographic characteristics and clinical features of 
the cohort are shown in Table 1. The initial prednisone dose was 
60 mg in 3 patients, 40 mg in 9 patients, and 20 mg in 1 patient. At 
baseline, none of the patients were receiving other immunomod-
ulatory treatments for GCA besides glucocorticoids. One subject 
had previously failed a trial of tocilizumab, and another subject 
had previously failed trials of methotrexate, tocilizumab, and aba-
tacept (see Supplementary Table 2, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24200/ abstract).

Efficacy. Efficacy outcomes are shown in Table 2 and Sup-
plementary Table 2, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24200/ 
abstract. All 13 patients entered disease remission within 4 weeks 
of baseline. The primary endpoint was achieved by 3 patients 
(23%). Of the 10 patients (77%) who failed to achieve the primary 
endpoint, 7 experienced relapses after a mean ± SD period of 
23 ± 7 weeks and 4 ± 1 UST injections. Six of the 7 patients 
who relapsed did so after weaning off prednisone or when 
their prednisone dose was below 5 mg (see Supplementary 
Table 2, available at http://  onlin elibr ary.wiley.com/doi/10.1002/
acr.24200/ abstract). One patient relapsed on a dose of 9 mg/
day. The mean ± SD prednisone dose at the time of relapse 
was 3 ± 3 mg/day. GCA relapses included PMR symptoms in 
all 7 patients and cranial signs or symptoms (e.g., headache) in 
3 (43%) (see Supplementary Table 2, available at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24200/ abstract). The remaining 
3 primary endpoint failures did not have clinical signs or symp-
toms of a relapse, but their inflammatory markers were elevated 

at week 52. The ESRs among these patients were 41, 42, and 
18, and the CRP levels were 36, 3, and 29. The alternative defini-
tion of prednisone- free remission at week 52, a sensitivity analysis 
in which the acute phase reactants were excluded, was there-
fore met by only 6 patients (46%).

Safety. A total of 51 adverse events occurred in 13 patients, 
and at least 1 adverse event was observed in 12 (92%) (Table 3). Of 
all the adverse events, 14 (28%) were considered to be related or 
possibly related to prednisone (e.g., insomnia, mood swings, ecchy-
mosis, hyperglycemia, osteoporosis, weight gain, and infection).  
In contrast, only 2 adverse events (4%; both nonserious infections) 
were considered to be related or possibly related to UST. These 
included a case of pneumonia that occurred in a patient at week 
4, on 20 mg of prednisone and after 1 UST injection, and a case 
of cystitis that occurred in a subject at week 52, after 7 UST doses 
and receiving no prednisone. One patient developed mild divertic-
ulitis, which was classified as a serious adverse event because it 
required hospitalization. This complication, considered not to be 
related to UST or prednisone, occurred at week 20, after 4 UST 
injections and at a time when the patient was also taking 4 mg of 
prednisone.

DISCUSSION

Treatment- related side effects (6) and disease relapse (4,5) 
are the most common problems faced by GCA patients. In this 
prospective study, UST added to a 6- month prednisone taper was 
not associated with a significant rate of sustained, prednisone- free 
remission in GCA patients with either new- onset or relapsing dis-
ease. Our goal was to include 20 patients in a proof of concept 
trial, but we closed enrollment early after 7 of the first 10 patients 
recruited relapsed and failed the primary efficacy endpoint. Of the 
13 patients who completed the trial, only 3 (23%) achieved the 
primary endpoint. The majority of patients, 7 of 13, relapsed with 

Table 2. Efficacy outcomes*

Outcome
GCA patients  

(n = 13)
Prednisone- free remission by week 52 3 (23)
Alternative definition of prednisone- free 

remission by week 52†
6 (46)

Disease flare 7 (54)
Clinical features at disease relapse‡

Cranial signs or symptoms 3 (43)
PMR symptoms 7 (100)
ESR, mean ± SD mm/hour 49 ± 26
CRP, mean ± SD mg/liter 40 ± 34
Time to flare, mean ± SD weeks 23 ± 7
Number of UST doses received, mean ± SD 4 ± 1
Prednisone dose, mean ± SD mg/day 3 ± 3

* Values are the number (%) unless indicated otherwise. CRP = 
C- reactive protein; ESR = erythrocyte sedimentation rate; GCA = giant 
cell arteritis; PMR = polymyalgia rheumatica; UST = ustekinumab. 
† The alternative definition of prednisone- free remission required 
the absence of disease relapse up to week 52 while adhering to the 
protocol prednisone taper, regardless of the level of ESR and CRP. 
‡ Analyses limited to the 7 patients who relapsed. 

Table 3. Safety*

GCA patients 
(n = 13)

Patients with at least 1 AE 12 (92)
Patients with at least 1 SAE 1 (8)

Diverticulitis
Infections

Diverticulitis 1 (8)
Pneumonia 1 (8)
Urinary tract infection 1 (8)
Bronchitis 1 (8)
Gastroenteritis 1 (8)

AE causality†
AEs related or possibly related to prednisone 14 (28)
AEs related or possibly related to UST 2 (4)

* Values are the number (%). AE = adverse event; GCA = giant cell 
arteritis; SAE = serious AE; UST = ustekinumab. 
† The denominator for the AE causality proportions is 51 total 
adverse events. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24200/abstract
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characteristic signs or symptoms of GCA and increased inflam-
matory markers. The other 3 patients classified as treatment fail-
ures did not develop recurrent clinical manifestations of GCA but 
finished the treatment phase of the trial with elevated levels of ESR 
and/or CRP, raising concern on the part of the investigators about 
subclinical disease activity and impending flare.

The findings of our study stand in contrast to a prior report 
from Ireland, in which no disease relapses were observed within 
1 year among 25 GCA patients who received UST 90 mg every 
12 weeks (11). In that study, the authors reported that the median 
prednisolone dose of the participants decreased from 15 mg/day 
at baseline to 5 mg/day after 52 weeks of UST treatment, but 
only 24% of the patients were able to discontinue prednisolone 
completely (11). Differences in the designs of these 2 studies offer 
probable explanations for their differing results. Whereas the Irish 
study was limited to GCA patients with a history of disease relapse 
(11), we enrolled both new- onset (~40%) and relapsing (~60%) 
patients.

Prior research has shown that IL- 12/23p40 is not signi-
ficantly upregulated in temporal arteries in patients with new- 
onset GCA, but becomes highly expressed once the disease 
is well established, particularly in relapsing patients (12). 
This fact could explain the better outcomes observed in the 
prior study. Nevertheless, an analysis limited to patients with 
relapsing disease in our cohort did not show a trend for bet-
ter outcomes (data not shown). The key difference between 
the 2 trials, however, is that 76% of the patients in the earlier 
study continued to receive glucocorticoids even at week 52 
(11), but all of those in our study were required to attempt to 
taper off prednisone completely within 6 months of starting 
UST. Notably, the frequency of UST administration in our trial, 
every 8 weeks as opposed to every 12 in the other study, led 
to higher cumulative UST exposures in our patients (11). In 
sum, the findings of this trial are in agreement with prior pre-
clinical research suggesting that IL- 12/23p40 might not be a 
critical mediator in the inflammation associated with GCA (13). 
When prednisone was tapered, patients receiving UST had a 
high tendency to relapse, and they often did so even while still 
taking prednisone.

The demonstration that IL- 6 signaling blockade with 
tocilizumab in combination with prednisone is an effective 
treatment strategy for GCA represented a substantial step 
forward in the management of this disease (7,8). Neverthe-
less, up to 35% of patients receiving tocilizumab fail treat-
ment, either due to refractory disease, disease relapse, or 
treatment- related side- effects (7,9,10), highlighting the need 
for alternative treatment options. Unfortunately, several other 
immunomodulatory agents have demonstrated effects that 
are modest at best (e.g., methotrexate and abatacept) (14,15) 
or have shown little efficacy whatsoever compared to pred-
nisone alone (e.g., tumor necrosis factor inhibitors) (16,17). Tri-
als using the Janus kinase inhibitor upadacitinib (ClinicalTrials.

gov NCT03725202) and the granulocyte/macrophage- colony 
stimulating factor receptor antagonist mavrilumumab (Clinical-
Trials.gov NCT03827018) are currently ongoing. Additionally, 
IL- 23p19, which is much more abundant in GCA temporal 
arteries than IL- 12/23p40 (13), has been demonstrated to 
have IL- 23 receptor– independent proinflammatory functions 
signaling through gp130 and signal transducer and activator of 
transcription 3 (18), representing a potential treatment target.

Our study has certain limitations, stemming primarily from 
the relatively small number of patients enrolled and its open- label 
design. These could have led to type 2 errors (failing to find an 
effect when in fact UST does have some efficacy in GCA) as well 
as to bias in the assessment of the outcomes. The goal of the 
study, however, was to generate preliminary data on the use of 
UST in GCA patients following a rigorous protocol that aligns with 
both a major unmet need in GCA (i.e., successful discontinua-
tion of glucocorticoids) and the current standard for clinical trials 
in GCA (e.g., the GiACTA trial [9]), which emphasize glucocorti-
coid tapering to discontinuation. Given that tocilizumab treatment 
is associated with a relapse rate of ~30% within 1 year (9,10), 
the investigators felt that it was unethical to continue recruiting 
patients into this UST trial in the setting of such a high treatment 
failure rate.

In conclusion, our results demonstrated that UST was well 
tolerated but did not prevent disease relapse in a significant pro-
portion of GCA patients once prednisone was discontinued or 
tapered to a low daily dose. Given the small sample size of our 
study, firm conclusions about the efficacy of the IL- 12/23p40 
blockade in GCA cannot be drawn until more robust or personal-
ized data are available.
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Serious Infections in Patients With Gout in the US: 
A National Study of Incidence, Time Trends, and Outcomes
Jasvinder A. Singh1  and John D. Cleveland2

Objective. To study the epidemiology of serious infections in patients hospitalized with gout.
Methods. We identified patients with gout hospitalized with a primary diagnosis of pneumonia, sepsis/bacteremia, 

urinary tract infection (UTI), skin and soft tissue infections (SSTIs), or opportunistic infections (OIs) in a US National 
Inpatient Sample from 1998 to 2016 and examined factors associated with utilization and mortality.

Results. We noted 1,140,085 hospitalizations of patients with serious infections and gout (11% of all hospitalizations 
of patients with gout; 1998– 2000 [8.9%], 2015– 2016 [14.5%]). Compared to patients without gout, patients with gout 
hospitalized with serious infections were older (median age 65 versus 74 years), more of them had a Charlson– 
Deyo comorbidity index score ≥2 (42% versus 65%), and fewer were female (53% versus 35%) or non- White (40% 
versus 35%), respectively. The most common infection was pneumonia (52%) in 1998– 2000 and sepsis (52%) in 
2015– 2016. Median hospital charges and hospital stays were higher for patients with sepsis and OIs in 2015– 2016 
($41,000– $42,000; 5.1– 5.5 days) versus those with UTI, pneumonia, or SSTIs ($15,000– $17,000; 3.0– 3.9 days). 
Compared to patients with sepsis, the multivariable- adjusted odds of health care utilization and in- hospital mortality 
were significantly lower for patients with UTI, SSTIs, and pneumonia, and non- home discharge or in- hospital mortality 
were lower in patients with OIs. Among patients hospitalized with infections, older age, Medicaid coverage, a higher 
Charlson– Deyo comorbidity index score, Black race, and Northeast and nonrural hospital location were associated 
with significantly higher health care utilization and mortality, while female sex, Medicare insurance, and lower income 
were associated with higher utilization.

Conclusion. Given an increasing rate of serious infections, especially sepsis and pneumonia, in individuals with 
gout, development of effective interventions targeting factors associated with health care utilization and mortality will 
improve outcomes and reduce burden.

INTRODUCTION

Gout is the most common inflammatory arthritis in adults. 
Gout- related utilization of the emergency department (1– 3) or 
inpatient care (4,5) has a significant cost burden (6,7). Acute 
and/or chronic symptomatic gout is a significant contributor to 
its health care utilization burden (8). Gout- related hospitalization 
burden has increased over time and has surpassed the hospi-
talization burden associated with rheumatoid arthritis (9). Under-
standing the causes of hospitalizations of patients with gout and 
the associated outcomes is important.

Gout is associated with significant comorbidities (10– 12), 
which lead to increased morbidity and mortality and contribute to 
higher health care utilization (13). In the recent years, cardiovas-
cular and renal comorbidity in gout has been the focus of interest 
in gout- related comorbidity burden (10). On the other hand, the 
impact of hospitalizations of patients with serious infections and 
gout has received little attention.

Few studies have examined hospitalizations of patients with 
serious infections and gout. Pneumonia and cellulitis were 2 of the 
top 5 diagnoses for hospitalizations in patients with gout in a study 
of gout- related hospitalizations in the UK and New Zealand from 
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1999 to 2009 (14). In a study from 2009 to 2014 in Australia and 
New Zealand, cardiovascular disease and infections were the top 2 
primary disease categories for hospitalizations among patients with 
gout (15). A study of individuals in the UK with gout versus those 
without gout reported that the rate of pneumonia and urinary tract 
infection (UTI) or infection- related mortality did not differ by gout 
(16). While the important contribution of serious infections to hospi-
talizations of patients with gout has now been established in some 
settings, much remains unknown with regard to outcomes and the 
impact of hospitalizations of patients with infection.

To our knowledge, there are no published, comprehensive, 
national epidemiologic studies of infection- related hospitalizations of 
patients with gout in the US. Our study objectives were the follow-
ing: 1) to compare the characteristics of patients hospitalized with 
serious infections with gout versus those without gout in the US; 2) 
to obtain the estimates of and study the time trends in hospitaliza-
tions of patients with serious infection and gout; 3) to examine the 
health care utilization of patients hospitalized with serious infections 
and gout; and 4) to assess factors associated with the health care 
utilization of patients hospitalized with serious infections and gout.

MATERIALS AND METHODS

Data source and study cohort. Our analysis used data 
from the US National Inpatient Sample (NIS) from 1998 to 2016. 
The NIS represents a 20% stratified sample of discharges in the 
US and is a component of the Healthcare Cost and Utilization 
Project (HCUP). The study cohort included patients admitted to 
the hospital with an International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD- 9- CM) code 274.xx or an ICD- 
10- CM code of M10 for the diagnosis of gout in any position other 
than the primary diagnosis position (i.e., nonprimary position; 
the primary diagnosis of interest was infections) during the index 
hospitalization. Although there is a risk for misclassification bias, 
previous studies showed an ICD code– based algorithm for identi-
fying individuals with gout to be a valid and practical approach for 
identifying those individuals for database studies with reasonable 
accuracy, a sensitivity of 90%, a specificity of 100%, and positive 
predictive values of 80% or higher (17– 19), although some studies 
reported lower accuracy (20,21).

The University of Alabama at Birmingham’s Institutional 
Review Board approved this database study and waived the need 
for informed consent. All investigations were conducted in con-
formity with ethical principles of research.

Hospitalizations of patients with serious infections 
of interest and covariates. We identified 5 common serious 
infections in patients hospitalized with the primary diagnosis posi-
tion for hospitalization using ICD- 9- CM codes based on overall 
NIS infection hospitalization frequencies. These codes for infec-
tions were valid in administrative data sets, with positive predictive 
values of 70– 100% in patients with rheumatoid arthritis (22– 24). 
Infections of interest included the following: 1) pneumonia (003.22, 
481.0, 513.0, 480.xx, 482.xx, 483.xx, 485.xx, and 486.xx); 2) 
sepsis/bacteremia (referred to as sepsis from here onwards; 038.
xx and 790.7); 3) UTI (590.xx); 4) skin and soft tissue infections 
(SSTIs; 040.0, 569.61, 681.xx, 682.xx, 785.4, 728.86, and 035.
xx); and 5) opportunistic infections (OIs; 010.xx– 018.xx, 031.xx, 
078.5, 075.xx, 053.xx, 112.4, 112.5, 112.81, 112.83, 130.xx, 
136.3, 117.5, 027.0, 039.xx, 117.3, 114.xx, 115.xx, 116.0), as 
previously reported (25,26). When multiple ICD- 9- CM codes for 
the same infection category occurred in the same hospitalization, 
such as 480.xx and 482.xx in the same discharge, pneumonia 
would only be counted once. We also used the ICD- 10- CM codes 
for infections for the 2015– 2016 data because the coding system 
changed from the ICD- 9- CM to ICD- 10- CM in 2015 in the US (see 
Supplementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24201/ 
abstract). We defined a composite infection as any of the 5 seri-
ous infection categories during hospitalization; for frequencies, this 
equates to the sum of all 5 infections.

Covariates included demographics (age, sex, race/ethnicity, 
income), comorbidity, insurance type, and hospital characteristics. 
Age was categorized as <50, 50 to <65, 65 to <80 and ≥80 years, 
and race/ethnicity was categorized as White, Black, Hispanic, and 
other/missing in order to correspond to clinically relevant categories 
for patients with gout based on an a priori decision. This approach 
to age categorization is similar to that used in previously published 
studies using NIS data (27– 29) and allows comparisons to studies 
that use Medicare data (mostly for individuals ≥65 years). House-
hold income, based on the patient’s zip code, was categorized from 

SIGNIFICANCE & INNOVATIONS
• Hospitalizations of patients with serious infections

constituted 11% of all hospitalizations of patients with 
a nonprimary diagnosis of gout in the US from 1998 
to 2016, the most common of which were pneumonia 
from 1998 to 2000 and sepsis from 2015 to 2016.

• Sepsis hospitalization rates in patients with gout
per 100,000 National Inpatient Sample claims in-
creased 19.3 fold from 1998– 2000 to 2015– 2016, 
while hospitalization rates for opportunistic infec-
tions (OIs) increased to 2.6 fold, and pneumonia 
rates increased 2.2 fold, respectively.

• In- hospital mortality was highest for sepsis at
10.1%, followed by OI (4%) and pneumonia (3.1%), 
and lowest for skin and soft tissue infections (0.5%) 
and urinary tract infection (0.6%) in patients with 
gout hospitalized with serious infections.

• Older age, Medicare coverage, Charlson– Deyo co-
morbidity index score, female sex, Black race, lower 
income, and Northeast and nonrural hospital loca-
tion were associated with higher health care utiliza-
tion and/or higher in- hospital mortality in patients 
with gout hospitalized with serious infections.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
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the lowest (poorest) to the highest quartile (wealthiest) (4 quartiles). 
Thresholds for each quartile varied by year as provided by the NIS 
(30); e.g., the upper threshold for quartile 1 was $28,999 in 1998 and 
$39,999 in 2014. Comorbidity was assessed by the Charlson– Deyo 
comorbidity index, a valid measure consisting of 17 common medi-
cal comorbidities (myocardial infarction, congestive heart failure, cer-
ebrovascular disease, dementia, renal disease, liver disease, chronic 
pulmonary disease, diabetes mellitus, etc.) based on the pres-
ence of ICD- 9- CM codes at index admission (31). Charlson– Deyo 

comorbidity index score was categorized as none, 1 or 2, or >2, as 
previously reported (32– 34). Insurance status was categorized as 
Medicaid, Medicare, private insurance, and self/other (35), as previ-
ously reported (36). Medicaid provides coverage for low- income and 
disabled Americans, and Medicare provides health care coverage 
for Americans age ≥65 years. Hospitals were categorized based on 
location, and teaching status was categorized as rural, urban, or 
urban teaching hospital. Hospital region and hospital bed size were 
other standard NIS variables included in the models.

Table 1. Characteristics of all patients hospitalized with gout and of patients hospitalized with serious infections without gout versus 
with gout*

Characteristic

All patients  
hospitalized with gout  

(n = 10,405,447)†

Patients hospitalized  
with serious infections  

without gout  
(n = 48,826,485)†

Patients hospitalized  
with serious infections  

with gout  
(n = 1,140,085)†

Age, mean ± SE; median years 70.4 ± 0.03; 71.6 59.5 ± 0.08; 64.7 72.1 ± 0.04; 73.7
Age category, years

<50 786,867 (7.56) 14,004,211 (28.90) 78,460 (6.90)
50 to <65 2,406,433 (23.13) 9,769,839 (20.16) 226,172 (19.89)
65– 79 4,272,086 (41.06) 12,846,021 (26.51) 441,964 (38.87)
≥80 2,939,428 (28.25) 11,835,309 (24.43) 390,326 (34.33)

Sex
Male 6,989,356 (67.18) 22,718,878 (46.91) 740,313 (65.12)
Female 3,414,355 (32.82) 25,710,174 (53.09) 396,514 (34.88)

Race
White 6,414,610 (61.65) 29,015,095 (59.86) 743,776 (65.42)
Black 1,662,952 (15.98) 5,193,503 (10.71) 149,575 (13.16)
Hispanic 401,389 (3.86) 4,174,347 (8.61) 47,529 (4.18)
Other/missing 1,926,178 (18.51) 10,090,131 (20.82) 196,063 (17.24)

Charlson– Deyo comorbidity index score
0 1,651,015 (15.87) 15,510,561 (32.00) 173,267 (15.24)
1 1,930,307 (18.55) 12,715,215 (26.23) 222,160 (19.54)
≥2 6,824,126 (65.58) 20,252,048 (41.78) 741,552 (65.22)

Income category
0– 25th percentile 2,582,576 (25.32) 12,696,846 (26.83) 282,831 (25.36)
25– 50th percentile 2,596,043 (25.46) 13,017,631 (27.51) 287,677 (25.79)
50– 75th percentile 2,493,249 (24.45) 11,342,129 (23.97) 275,439 (24.70)
75– 100th percentile 2,526,666 (24.77) 10,265,741 (21.69) 269,365 (24.15)

Insurance
Private 2,082,338 (20.04) 10,772,518 (22.27) 184,373 (16.24)
Medicare 7,343,196 (70.69) 26,623,425 (55.04) 852,152 (75.06)
Medicaid 540,299 (5.20) 7,029,774 (14.53) 57,669 (5.08)
Other 227,919 (2.19) 1,480,898 (3.06) 21,613 (1.90)
Self 194,623 (1.87) 2,466,366 (5.10) 19,450 (1.71)

Hospital location/teaching
Rural 1,271,228 (12.25) 6,881,175 (14.96) 151,521 (13.76)
Urban nonteaching 3,762,821 (36.27) 18,833,673 (40.93) 422,336 (38.36)
Urban teaching 5,341,651 (51.48) 20,294,696 (44.11) 527,111 (47.88)

Hospital charges, mean ± SE; median $ 39,044 ± 223; 22,672 34,554 ± 167; 16,743 37,804 ± 237; 21,071
1998– 2000 15,293 ± 232; 9,562 13,111 ± 264; 8,293 18,287 ± 340; 9,615
2015– 2016 55,767 ± 542; 34,265 53,647 ± 433; 28,717 51,210 ± 546; 30,538

Total hospital charges > median, $ 6,711,966 (64.50) 27,785,443 (57.32) 674,040 (59.28)
Length of hospital stay, mean ± SE; median days 5.4 ± 0.01; 3.4 6.0 ± 0.01; 3.7 6.1 ± 0.02; 4.1
Proportion with length of hospital stay > the 

median of 3 days
5,679,276 (54.58) 28,746,958 (59.30) 746,117 (65.62)

Discharge status
Rehabilitation or nursing facility 2,450,676 (24.26) 11,357,982 (25.33) 309,575 (28.79)
Home 7,649,867 (75.74) 33,479,292 (74.67) 765,625 (71.21)

Died during hospitalization 233,511 (2.25) 3,024,281 (6.24) 54,788 (4.82)
* Values are the number (%) unless indicated otherwise. 
† These are national estimates using the recommended weights from the National Inpatient Sample and are based on the 20% national 
sample of all hospitalizations. 
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Health care utilization outcomes and in- hospital   
mortality. The health care utilization outcomes of interest 
included the total hospital charges above the median (using the 
standard NIS variable TOTALCHG), the length of hospital stay 
(using the standard NIS variable LOS and categorized as >3 
days versus ≤3 days based on the overall NIS median), and the 
proportion of patients discharged to a rehabilitation or nursing 
facility (i.e., a short- term hospital, skilled nursing facility, inter-
mediate care facility, or another type; using the standard NIS 
variable DISPUNIFORM) rather than home. We also assessed 
in- hospital mortality.

Statistical analysis. We compared demographics for 
all infection- related hospitalizations in patients with gout ver-
sus those without gout in the nonprimary position. The rest of 
the analyses were limited to infection- related hospitalizations in 
patients with gout. Characteristics of patients hospitalized for 
each type of infection were compared to those of patients with 
gout. For time trends from 1998 to 2016, we examined the fre-
quencies and rates of the 5 infections and analyzed each for 
trends over time using the Cochran- Armitage test, weighted by 
the number of hospitalizations in each year. We used adjusted 
logistic regression models for length of hospital stay >3 days 
(median), total hospital charges above the median (based on 
the median for the year), discharge status (home versus inpa-
tient), and in- hospital mortality. Both the length of hospital stay 
and the total hospital charges had a left- skewed distribution 
(as expected, with a few very high values). This made it most 
appropriate for a logistic regression to avoid undue influence of 
extreme values on a linear regression. We calculated odds ratios 
and 95% confidence intervals.

RESULTS

Characteristics of patients hospitalized with infection:   
gout versus no gout. Using weighted data, we observed 48,826,  
485 serious infections in patients hospitalized without gout and 
1,140,085 infections in patients hospitalized with gout. Hospitaliza-
tions of patients with serious infections constituted 11% of all hospi-
talizations of patients with a nonprimary diagnosis of gout (1.14 million 
of 10.4 million) (Table 1). The mean age of patients with gout hospi-
talized with a primary diagnosis of one of the serious infections was 
72.1 years (median 73.8 years), two- thirds were male, 65% were 
White, the Charlson– Deyo comorbidity index score was ≥2 in 65%, 
and 75% had Medicare as the insurance payer (Table 1).

Compared to patients hospitalized with a serious infection 
without gout, patients with gout hospitalized with a serious infec-
tion were a decade older (median age 65 versus 74 years), less 
likely to be female (53% versus 35%) or non- White (40% versus 
35%), more likely to be in the lowest income quartile (22% versus 
24%), had a Charlson– Deyo comorbidity index score of ≥2 (42% 
versus 65%), had Medicare as the insurance payer (55% versus 
75%), or were admitted to an urban teaching hospital (44% versus 
48%), respectively (Table 1). Unadjusted total hospital charges, 
the length of hospital stay, and discharge to a non- home setting 
were slightly higher in patients with gout versus those without 
gout, and in- hospital mortality was slightly lower (Table 1).

Patients with gout hospitalized with a serious infection:  
time trends in rates overall and each serious infection. 
Hospitalizations of patients with serious infections and gout increased 
from 8.9% (67,995 of 762,576) of all hospitalizations in patients with 
gout in 1998– 2000 to 14.5% (250,510 of 1,721,300) in 2015– 2016 
(Table 2 and Table 3). In 1998– 2000, pneumonia was the most 

Table 2. Frequency of hospitalizations of patients with primary diagnosis of various types of serious infection 
and a nonprimary diagnosis of gout over time*

Study period OI SSTI UTI Pneumonia Sepsis
Composite  
infection

1998– 2000† 1,220 19,905 1,756 35,434 9,679 67,995
2001– 2002 762 16,721 1,360 26,322 7,715 52,880
2003– 2004 925 21,176 1,775 31,783 9,915 65,574
2005– 2006 1,265 27,345 2,069 36,812 13,801 81,292
2007– 2008 1,409 32,067 2,300 41,299 22,083 99,157
2009– 2010 1,844 40,619 2,847 48,414 43,098 136,822
2011– 2012 2,164 46,950 3,529 56,896 70,816 180,356
2013– 2014 2,220 46,610 3,360 55,970 97,340 205,500
2015– 2016‡ 2,160 47,860 18,085 53,600 128,805 250,510

* Values are the number. The primary position codes from the International Classification of Diseases, Ninth 
Revision (ICD- 9) used to define each infection category were as follows: opportunistic infections (OIs) included 
tuberculosis (010– 018), nontuberculous mycobacteria (031), cytomegalovirus (078.5), Epstein- Barr virus (075), 
herpes zoster (053), candidiasis (112.4, 112.5, 112.81, 112.83), toxoplasmosis (130), pneumocystosis (136.3), 
cryptococcosis (117.5), listeriosis (027.0), nocardiosis (039), aspergillosis (117.3), coccidioidomycosis (114), 
histoplasmosis (115), and blastomycosis (116.0); skin and soft tissue infections (SSTIs) (040.0, 569.61, 681, 682, 
785.4, 728.86, and 035); urinary tract infection (UTI) (590); pneumonia (003.22, 481.0, 513.0, 480, 482, 483, 485, 
and 486); and sepsis/bacteremia (038 and 790.7). Composite infection = any of the 5 infections listed above. 
† The first study period consisted of 3 years, and all subsequent periods were 2 years each. 
‡ 2015 was the first year that ICD- 10 Clinical Modification codes were used; therefore, some rates from this 
period may reflect the transition of the coding system rather than only time trends (i.e., these estimates 
may be a little unstable). 
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common infection (52%; 35,434 of 67,995) followed by SSTI (29%; 
19,905 of 67,995) and sepsis (14%; 9,679 of 67,995). In 2015– 2016, 
sepsis was the most common infection (52%;128,805 of 250,510), 
followed by pneumonia (21%; 53,600 of 250,510) and then SSTI 
(19%; 47,860 of 250,510; Table 2). Over the 20- year period, sep-
sis (36%), followed by pneumonia (34%), were the top 2 causes of 
hospitalizations of patients with serious infections and gout (Table 2).

The frequencies of all 5 types of serious infections in patients 
hospitalized with gout increased significantly over the study period 
(Table 2). Rates per 100,000 NIS claims in 2015– 2016 were as 
follows: OI, 3; SSTI, 67; UTI, 25; pneumonia, 75; sepsis, 180; and 
composite infection, 351 (Table 3 and Figure 1). The increase in 
the rate of sepsis claims massively outpaced those for all other 
hospitalizations of patients with serious infections, increasing 5.9 

fold from 1998– 2000 to 2015– 2016 (using total gout claims as the 
denominator); SSTI claims increased 1.1 fold; UTI claims, 4.6 fold; 
and OI and pneumonia claims decreased 0.7 and 0.8 fold, respec-
tively (Table 3). Examining these claims per 100,000 NIS claims, 
the rates in 2015–2016 were 2.6, 3.5, 14.9, 2.2, and 19.3 fold 
higher, respectively. Starting in 2011– 2012, sepsis outnumbered 
pneumonia as the primary infection diagnosis for patients hospital-
ized with serious infections and gout (Table 3 and Figure 1).

Characteristics of patients hospitalized for each type 
of serious infection and outcomes. Two- thirds of patients 
with gout hospitalized with serious infections were White, male, 
had a Charlson– Deyo comorbidity index score ≥2, and had Medi-
care as payer type (Table 4). Patients with gout hospitalized with 

Table 3. Time trends in the rates of hospitalizations of patients with serious infections in the general National Inpatient Sample (NIS) cohort per 
100,000 NIS claims and of hospitalizations of patients with serious infections among individuals with gout using 2 denominators (per 100,000 
gout claims and per 100,000 NIS claims)*

OI SSTI UTI Pneumonia Sepsis
Composite  
infection

Total  
claims

Hospitalized infection rates in the general 
NIS cohort per 100,000 NIS claims

1998– 2000† 159.5 974.9 313.5 3,398.4 989.5 5,835.8 103,665,051
2001– 2002 139.4 1,097.6 335.2 3,303.2 919.3 5,794.8 72,617,381
2003– 2004 138.9 1,269.2 352.3 3,260.2 1,088.6 6,109.3 74,571,583
2005– 2006 143.9 1,490.7 350.9 3,236.0 1,451.3 6,672.7 75,919,595
2007– 2008 138.6 1,531.7 337.0 2,891.9 1,834.9 6,734.1 76,366,797
2009– 2010 138.6 1,627.2 351.0 2,849.1 2,223.6 7,189.5 75,086,597
2011– 2012 130.5 1,688.9 343.2 2,791.8 2,949.0 7,903.3 73,447,261
2013– 2014 121.4 1,665.6 324.3 2,578.2 3,939.6 8,629.1 70,956,610
2015– 2016‡ 110.9 1,667.9 882.1 2,401.0 5,109.1 10,171.1 71,445,363
Change from 1998– 2000 to 2015– 2016§ 0.7 1.7 2.8 0.7 5.2 1.7 0.7

Hospitalized infection rates in the gout 
cohort per 100,000 gout claims

1998– 2000† 160.0 2,610.2 230.3 4,646.6 1,269.3 8,916.5 762,576
2001– 2002 124.3 2,728.3 221.9 4,294.8 1,258.8 8,628.1 612,880
2003– 2004 125.1 2,864.3 240.1 4,299.1 1,341.1 8,869.7 739,301
2005– 2006 144.6 3,125.3 236.5 4,207.3 1,577.3 9,290.9 874,964
2007– 2008 130.0 2,959.3 212.3 3,811.3 2,038.0 9,150.8 1,083,586
2009– 2010 138.8 3,057.0 214.3 3,643.6 3,243.6 10,297.2 1,328,731
2011– 2012 133.9 2,904.0 218.3 3,519.2 4,380.1 11,155.4 1,616,755
2013– 2014 133.3 2,798.8 201.8 3,360.8 5,845.0 12,339.7 1,665,355
2015– 2016‡ 125.5 2,780.5 1,050.66 3,113.9 7,483.0 14,553.5 1,721,300
Change from 1998– 2000 to 2015– 2016§ 0.8 1.1 4.6 0.7 5.9 1.6 2.3

Hospitalized infection rates in the gout 
cohort per 100,000 NIS claims

1998– 2000† 1.2 19.2 1.7 34.2 9.3 65.6 103,665,051
2001– 2002 1.1 23.0 1.9 36.3 10.6 72.8 72,617,381
2003– 2004 1.2 28.4 2.4 42.6 13.3 87.9 74,571,583
2005– 2006 1.7 36.0 2.7 48.5 18.2 107.1 75,919,595
2007– 2008 1.9 42.0 3.0 54.1 28.9 129.8 76,366,797
2009– 2010 2.5 54.1 3.8 64.5 57.4 182.2 75,086,597
2011– 2012 3.0 63.9 4.8 77.5 96.4 245.6 73,447,261
2013– 2014 3.1 65.7 4.7 78.9 137.2 289.6 70,956,610
2015– 2016‡ 3.0 67.0 25.31 75.0 180.3 350.6 71,445,363
Change from 1998– 2000 to 2015– 2016§ 2.6 3.5 14.9 2.2 19.3 5.3 0.7

* Values are the number. OI = opportunistic infection; SSTI = skin and soft tissue infection; UTI = urinary tract infection. 
† The first study period consisted of 3 years, not 2 years, and all subsequent periods were 2 years each. 
‡ 2015– 2016 was the first year that International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, 
Clinical Modification codes were used; therefore, some rates from this period may reflect the transition of the coding system rather 
than only time trends. 
§ Change was calculated by dividing the number in 2015– 2016 by the number from 1998– 2000. 
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pneumonia or sepsis were 5 years older than those admitted with 
an SSTI or OI, at 74– 76 years versus 69– 70 years, respectively 
(Table 4). More than two- thirds of patients with gout hospital-
ized with each serious infection were male, except for UTI, 45% 
were male (Table 4).

The median length of hospital stay over the study period 
was highest in hospitalizations for OI and sepsis, at 5.5 and 5.1 
days, respectively, and lowest for UTI, at 3 days (Table 4). Above- 
median length of hospital stay was highest, at 63– 74%, in patients 
discharged for sepsis, pneumonia, and OI. The median hospital 
charges were highest for sepsis ($34,864) and OI ($28,612), fol-
lowed by pneumonia ($17,511) (Table 4). We noted that 40% of 
patients with sepsis and gout versus 20– 27% of patients with 
other serious infections were discharged to a non- home setting 
(Table 4). In- patient mortality for patients with gout hospitalized 

with a serious infection was highest for sepsis, at 10.1%, followed 
by 4% for OI, 3.1% for pneumonia, 0.6% for UTI, and 0.5% for 
SSTI (Table 4).

Time trends in health care utilization and mortality 
in patients with gout hospitalized with serious infection. 
Median hospital charges and hospital stay were much higher 
for sepsis and OI in 2015– 2016 ($41,000– $42,000; 4.8– 5.5 
days) compared to those for UTI, pneumonia, or SSTI ($21,000– 
$26,000; 3.0– 3.6 days) (see Supplementary Table 2, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24201/ abstract). The largest increase 
in median hospital charges was seen for sepsis, at 3.6 fold, fol-
lowed by that for OI (3.5 fold), SSTI (3.2 fold), UTI (3.2 fold), and 
pneumonia (3 fold) (see Supplementary Table 2).

Figure 1. Rates of infection in patients hospitalized with gout per 100,000 total National Inpatient Sample claims (A) and per 100,000 overall 
gout claims (B). Infection rates are per 100,000 claims. The y- axis scales are different for the 2 panels. The x- axis shows the study time periods 
from 1998 to 2016. OI = opportunistic infection; SSTI = skin and soft tissue infection; UTI = urinary tract infection.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
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Table 4. Characteristics of patients with gout hospitalized with various types of serious infections*

Characteristic
OI  

(n = 13,941)
SSTI  

(n = 298,394)
UTI  

(n = 36,978)
Pneumonia  

(n = 384,723)
Sepsis  

(n = 402,944)

Composite  
infection  

(n = 1,136,980)
Age, mean ± SE; median 

years
69.0 ± 0.28; 70.1 68.2 ± 0.07; 69.3 72.3 ± 0.17; 74.2 74.6 ± 0.05; 76.4 72.6 ± 0.05; 73.9 72.1 ± 0.04; 73.7

Age category, years
<50 1,327 (9.5) 34,980 (11.7) 2,752 (7.4) 17,744 (4.6) 21,657 (5.4) 78,460 (6.9)
50 to <65 3,639 (26.1) 78,772 (26.4) 6,951 (18.8) 58,826 (15.3) 77,984 (19.4) 226,172 (19.9)
65 to <80 5,322 (38.2) 107,823 (36.1) 13,952 (37.7) 150,159 (39.0) 164,708 (40.9) 441,964 (38.9)
≥80 3,652 (26.2) 76,811 (25.7) 13,318 (36.0) 157,974 (41.1) 138,570 (34.4) 390,326 (34.3)

Sex
Male 9,621 (69.0) 196,499 (65.9) 16,693 (45.2) 252,348 (65.6) 265,152 (65.8) 740,313 (65.1)
Female 4,319 (31.0) 101,854 (34.1) 20,275 (54.8) 132,310 (34.4) 137,756 (34.2) 396,514 (34.9)

Race
White 7,694 (55.2) 199,528 (66.9) 23,774 (64.3) 249,825 (64.9) 262,954 (65.3) 743,776 (65.4)
Black 2,182 (15.6) 33,310 (11.2) 5,615 (15.2) 47,756 (12.4) 60,713 (15.1) 149,575 (13.2)
Hispanic 768 (5.5) 13,439 (4.5) 1,853 (5.0) 12,774 (3.3) 18,695 (4.6) 47,529 (4.2)
Other/missing 3,297 (23.6) 52,113 (17.5) 5,736 (15.5) 74,341 (19.3) 60,577 (15.0) 196,063 (17.2)

Charlson– Deyo 
comorbidity index 
score

0 2,926 (21.0) 69,603 (23.3) 6,504 (17.6) 46,415 (12.1) 47,818 (11.9) 173,267 (15.2)
1 2,735 (19.6) 68,632 (23.0) 7,536 (20.4) 82,853 (21.5) 60,404 (15.0) 222,160 (19.5)
≥2 8,279 (59.4) 160,159 (53.7) 22,938 (62.0) 255,455 (66.4) 294,721 (73.1) 741,552 (65.2)

Income category
0– 25th percentile 3,275 (24.1) 73,982 (25.3) 10,208 (28.2) 94,339 (25.0) 101,028 (25.5) 282,831 (25.4)
25– 50th percentile 3,290 (24.2) 75,000 (25.7) 9,609 (26.5) 101,230 (26.8) 98,547 (24.9) 287,677 (25.8)
50– 75th percentile 3,206 (23.6) 71,431 (24.5) 8,479 (23.4) 92,713 (24.6) 99,609 (25.2) 275,439 (24.7)
75– 100th percentile 3,802 (28.0) 71,652 (24.5) 7,920 (21.9) 89,254 (23.6) 96,737 (24.4) 269,365 (24.2)

Insurance
Private 2,849 (20.5) 63,725 (21.4) 6,185 (16.7) 51,321 (13.4) 60,293 (15.0) 184,373 (16.2)
Medicare 9,556 (68.6) 197,738 (66.4) 27,492 (74.5) 307,242 (80.0) 310,125 (77.0) 852,152 (75.1)
Medicaid 944 (6.8) 19,606 (6.6) 2,075 (5.6) 15,271 (4.0) 19,772 (4.9) 57,669 (5.1)
Other 276 (2.0) 7,754 (2.6) 586 (1.6) 5,751 (1.5) 7,247 (1.8) 21,613 (1.9)
Self 296 (2.1) 9,016 (3.0) 587 (1.6) 4,483 (1.2) 5,068 (1.3) 19,450 (1.7)

Hospital region
Northeast 2,826 (20.2) 67,095 (22.4) 6,149 (16.6) 76,938 (19.9) 68,959 (17.1) 221,967 (19.5)
Midwest 3,296 (23.6) 76,279 (25.5) 9,028 (24.3) 99,753 (25.8) 94,730 (23.5) 283,086 (24.8)
South 4,602 (32.9) 107,134 (35.8) 15,078 (40.7) 137,706 (35.6) 135,853 (33.7) 400,372 (35.1)
West 3,246 (23.2) 48,745 (16.3) 6,827 (18.4) 72,134 (18.7) 103,709 (25.7) 234,660 (20.6)

Hospital location/teaching
Rural 1,015 (7.4) 38,445 (13.4) 5,174 (14.4) 63,580 (17.3) 43,307 (10.9) 151,521 (13.8)
Urban nonteaching 4,492 (32.8) 118,148 (41.1) 12,611 (35.2) 145,290 (39.6) 141,795 (35.7) 422,336 (38.4)
Urban teaching 8,191 (59.8) 131,028 (45.6) 18,077 (50.4) 158,200 (43.1) 211,614 (53.3) 527,111 (47.9)

Hospital bed size
Small 1,594 (11.4) 51,469 (17.2) 7,337 (19.8) 69,823 (18.1) 62,993 (15.7) 193,216 (17.0)
Medium 3,227 (23.1) 81,605 (27.3) 10,355 (28.0) 105,725 (27.4) 112,939 (28.1) 313,852 (27.6)
Large 9,129 (65.4) 165,549 (55.4) 19,285 (52.2) 210,053 (54.5) 226,442 (56.3) 630,458 (55.4)

Total hospital charges, 
mean ± SE; median $

53,673 ± 1,557;  
28,612

23,125 ± 183;  
15,013

25,532 ± 430;  
17,344

28,564 ± 212;  
17,511

58,766 ± 459;  
34,864

37,804 ± 237;  
21,071

Total hospital charges > 
median, $

9,853 (70.7) 140,853 (47.2) 16,455 (44.5) 221,933 (57.7) 284,946 (70.7) 674,040 (59.3)

Length of hospital stay, 
mean ± SE; median 
days

8.9 ± 0.21; 5.5 5.1 ± 0.02; 3.6 4.5 ± 0.05; 3.0 5.5 ± 0.02; 3.9 7.4 ± 0.03; 5.1 6.1 ± 0.02; 4.1

Proportion with length of 
hospital stay > the 
median of 3 days

10,234 (73.4) 177,219 (59.4) 18,707 (50.6) 243,234 (63.2) 296,723 (73.6) 746,117 (65.6)

Discharge status
Rehabilitation or nursing 

facility
3,105 (23.3) 57,927 (19.7) 9,762 (26.7) 94,072 (25.4) 144,708 (40.2) 309,575 (28.8)

Home 10,203 (76.7) 236,853 (80.3) 26,799 (73.3) 276,586 (74.6) 215,184 (59.8) 765,625 (71.2)
Died during hospitalization 558 (4.0) 1,389 (0.5) 216 (0.6) 11,916 (3.1) 40,708 (10.1) 54,788 (4.8)

* Values are the number (%) unless indicated otherwise. OI = opportunistic infection; SSTI = skin and soft tissue infection; UTI = urinary tract infection. 
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The length of hospital stay decreased over time for all patients 
hospitalized with infections (see Supplementary Table 2, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24201/ abstract). 
In- hospital mortality in patients with gout decreased for those hos-
pitalized with sepsis (10.6% to 8.7%), pneumonia (4% to 2.8%), 
and an SSTI (0.7% to 0.4%) and was stable for those with an OI 
(5.1% to 5.3%) and a UTI (0.6% to 0.6%) (see Supplementary 
Table 2).

Factors associated with health care utilization 
and mortality in patients hospitalized with serious 
infections and gout. Multivariable- adjusted analyses showed 
no significant difference in the odds of above- median hospital 
charges or above- median hospital stay between sepsis and OI, 
but significantly lower odds of discharge to a care facility and in- 
hospital mortality were seen in OI versus sepsis (Table 5). Adjusted 
odds of health care utilization and in- hospital mortality were lower 
in UTI, SSTI, and pneumonia compared to sepsis (Table 5). 
Compared to sepsis, other serious infections were associated 
with odds ratios between 0.05 and 0.42 for in- hospital mortality, 
depending on the type of serious infection.

Older age, Medicaid insurance, higher Charlson– Deyo 
comorbidity index score, Black race, and Northeast and nonrural 
hospital location were associated with higher health care utilization 
and higher in- hospital mortality (except discharge to a care facil-
ity, which was higher for the Midwest); female sex and Medicare 
insurance (reference = private insurance) were associated with 
higher health care utilization; and lower income was associated 
with higher odds of discharge to a care facility in patients with gout 
hospitalized with serious infections (Table 5).

DISCUSSION

We studied the epidemiology of serious infections in patients 
hospitalized with gout using national sample data over 2 decades. 
We examined time trends, patient characteristics, and outcomes 
of 5 common serious infection hospitalizations in patients with 
gout, as well as factors associated with health care utilization and 
in- hospital mortality for patients with serious infections. Several 
findings merit further discussion.

Compared to patients without gout, patients with gout hos-
pitalized with a serious infection were a decade older, more likely 
to have Charlson– Deyo comorbidity index score ≥2, more likely to 
have Medicare as the insurance payer, and less likely to be female. 
These differences might partially explain higher unadjusted hos-
pital charges and a longer stay in patients with gout hospitalized 
with serious infections compared to those without gout.

Our study is among the first to describe the epidemiology 
of serious infections in patients hospitalized with gout in the US. 
In unadjusted analyses, hospitalizations of patients with serious 
infections accounted for 11% of all hospitalizations in patients 
with a nonprimary diagnosis of gout. Over time, the proportion of 

patients hospitalized with serious infections increased from 8.9% 
in 1998– 2000 to 14.5% in 2015– 2016. The increase in the rate of 
hospitalizations of patients with serious infections over time during 
the study period replicates the findings of a recent study from the 
UK and New Zealand for a US population (14) and extends the 
findings to a more contemporary period.

The overall rate of hospitalizations of patients with serious 
infections in our study substantiates the findings from the ear-
lier reports from New Zealand and Australia that infections were 
among the top 5 reasons for hospitalizations in patients with gout 
(14,15). Our findings support the increasing relative and abso-
lute contribution of serious infections to overall hospitalizations of 
patients with gout in the US given the increasing rate of hospitali-
zations for gout in the US (9).

The frequencies of all 5 types of infections in patients hos-
pitalized with gout increased significantly over the observation 
period, faster for some serious infections (sepsis, SSTI) than oth-
ers. Specifically, the hospitalization rate for patients with serious 
infections per 100,000 NIS claims in the general population from 
1998 to 2000 versus 2015 to 2016 (and increase/decrease) varied 
by the type of infection: OI, 159 versus 110 (0.7 fold); SSTI, 975 
versus 1,667 (1.7 fold); UTI, 313 versus 882 (2.8 fold); pneumonia, 
3,398 versus 2,401 (0.7 fold); and sepsis, 989 versus 5,109 (5.2 
fold). The corresponding respective rates in the gout cohort per 
100,000 NIS claims were: OI, 1.2 versus 3.0 (2.6 fold); SSTI, 19.2 
versus 67 (3.5 fold); UTI, 1.7 versus 25.3 (14.9 fold); pneumonia, 
34.2 versus 75 (2.2 fold); and sepsis, 9.3 versus 180.3 (19.3 fold). 
Pneumonia was the most common serious infection in patients 
hospitalized with gout in 1998– 2000. Rates of hospitalizations for 
sepsis increased steeply and crossed over to a higher rate than 
for pneumonia in 2011– 2012, making it the most common serious 
infection in patients hospitalized in 2015– 2016.

Patient and comorbidity characteristics of individuals hospital-
ized with serious infections and gout matched closely with those of 
all hospitalizations in people with gout, as expected. Not surprisingly, 
compared to patients without gout, unadjusted hospital charges, the 
length of hospital stay, and discharge to a non- home setting were 
slightly higher in patients with gout hospitalized with a serious infection.

Over time, health care utilization for all patients hospital-
ized with serious infections increased, and in- hospital mortal-
ity decreased, for patients with gout. Median hospital charges 
increased in sepsis 3.6 fold, in OIs 3.5 fold, in SSTIs 3.2 fold, in 
UTI 3.2 fold, and in pneumonia 3 fold (see Supplementary Table 2, 
available on the Arthritis Care & Research website at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24201/ abstract). Thus, hospital 
charges for all hospitalizations of patients with serious infections 
and gout increased 3.0– 3.6 fold, which parallels the increase in 
hospital charges for hospitalizations in the general population over 
time in the US overall. In- hospital mortality for patients with gout 
was highest in sepsis, at 10.1%, and lowest in SSTI, at 0.5%. 
In- hospital mortality decreased from 1998– 2000 to 2015– 2016 
for all infections, except OI (which increased slightly from 5.1% to 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24201/abstract
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5.3%), and was stable for UTI (0.6%). These novel estimates of 
the disease burden of serious infections can inform patients hos-
pitalized with gout and their providers of the disease prognosis.

Compared to sepsis, multivariable- adjusted analyses showed 
significantly lower odds of discharge to a care facility and in- 
hospital mortality in patients hospitalized with OI but no significant 
difference in the odds of higher hospital charges or a longer hos-
pital stay. Compared to sepsis, the odds of health care utilization 

and in- hospital mortality were also lower for UTI, SSTI, and pneu-
monia. We identified sepsis to be associated with the worst health 
care utilization and in- hospital mortality outcomes compared to all 
other types of serious infections in patients with gout.

We found that older age, Medicaid insurance, higher Charlson– 
Deyo comorbidity index score, Black race, and Northeast and 
nonrural hospital location were each independently associated 
with higher health care utilization and higher in- hospital mortality in 

Table 5. Multivariable- adjusted correlates of health care utilization and mortality in patients hospitalized with gout*

Hospital charges  
> median

Length of hospital  
stay >3 days

Discharge to a 
care facility

In- hospital 
mortality

Age category, years
<50 Ref. Ref. Ref. Ref.
50 to <65 1.07 (1.03– 1.12)† 1.13 (1.09– 1.18)† 1.74 (1.63– 1.85)† 1.55 (1.34– 1.79)†
65 to <80 1.04 (0.99– 1.08) 1.16 (1.11– 1.21)† 2.57 (2.41– 2.75)† 2.37 (2.06– 2.74)†
≥80 0.95 (0.91– 1.00) 1.26 (1.20– 1.31)† 5.26 (4.93– 5.63)† 3.85 (3.33– 4.45)†

Sex
Male Ref. Ref. Ref. Ref.
Female 1.04 (1.02– 1.06)† 1.15 (1.13– 1.17)† 1.30 (1.27– 1.32)† 0.97 (0.93– 1.01)

Race/ethnicity
White Ref. Ref. Ref. Ref.
Black 1.11 (1.08– 1.14)† 1.11 (1.08– 1.15)† 1.10 (1.07– 1.14)† 1.11 (1.05– 1.18)†
Hispanic 1.51 (1.44– 1.59)† 1.05 (1.00– 1.10) 0.76 (0.72– 0.81)† 0.97 (0.87– 1.07)
Other/missing 1.02 (0.99– 1.04) 1.03 (1.00– 1.06) 0.84 (0.82– 0.87)† 1.03 (0.97– 1.09)

Charlson– Deyo comorbidity 
index score

0 Ref. Ref. Ref. Ref.
1 1.26 (1.22– 1.30)† 1.23 (1.19– 1.27)† 1.25 (1.20– 1.29)† 1.27 (1.15– 1.39)†
≥2 1.50 (1.46– 1.54)† 1.52 (1.48– 1.56)† 1.56 (1.51– 1.61)† 1.86 (1.72– 2.01)†

Income category
0– 25th percentile 0.98 (0.95– 1.01) 1.01 (0.98– 1.04) 1.08 (1.05– 1.11)† 0.99 (0.93– 1.06)
25– 50th percentile 0.94 (0.92– 0.96)† 1.02 (0.99– 1.05) 1.06 (1.03– 1.09)† 0.98 (0.92– 1.04)
50– 75th percentile 0.94 (0.91– 0.96)† 1.00 (0.97– 1.02) 1.04 (1.01– 1.07)† 0.94 (0.89– 0.99)
75– 100th percentile Ref. Ref. Ref. Ref.

Primary infection diagnosis
Sepsis Ref. Ref. Ref. Ref.
OI 0.98 (0.90– 1.07) 1.05 (0.96– 1.15) 0.52 (0.47– 0.57)† 0.42 (0.34– 0.51)†
SSTI 0.39 (0.38– 0.40)† 0.55 (0.54– 0.57)† 0.40 (0.38– 0.41)† 0.05 (0.04– 0.06)†
UTI 0.35 (0.34– 0.37)† 0.36 (0.34– 0.38)† 0.49 (0.46– 0.52)† 0.05 (0.04– 0.07)†
Pneumonia 0.62 (0.61– 0.64)† 0.61 (0.60– 0.62)† 0.42 (0.41– 0.43)† 0.28 (0.27– 0.29)†

Insurance payer
Medicare 1.12 (1.09– 1.15)† 1.17 (1.13– 1.20)† 1.63 (1.57– 1.70)† 1.00 (0.93– 1.08)
Medicaid 1.30 (1.25– 1.37)† 1.23 (1.17– 1.29)† 1.44 (1.35– 1.53)† 1.14 (1.01– 1.29)†
Other 1.12 (1.05– 1.20)† 0.99 (0.93– 1.06) 1.23 (1.12– 1.34)† 1.54 (1.32– 1.79)†
Private Ref. Ref. Ref. Ref.
Self 1.14 (1.06– 1.23)† 1.02 (0.95– 1.09) 0.66 (0.58– 0.75)† 1.44 (1.17– 1.77)†

Hospital region
Northeast Ref. Ref. Ref. Ref.
Midwest 0.71 (0.69– 0.73)† 0.78 (0.76– 0.80)† 1.06 (1.03– 1.09)† 0.82 (0.77– 0.87)†
South 0.79 (0.77– 0.81)† 0.86 (0.84– 0.88)† 0.81 (0.78– 0.83)† 0.94 (0.89– 1.00)
West 0.89 (0.86– 0.92)† 0.62 (0.60– 0.64)† 0.74 (0.72– 0.77)† 0.96 (0.90– 1.02)

Hospital location/teaching
Rural Ref. Ref. Ref. Ref.
Urban nonteaching 2.43 (2.36– 2.50)† 1.30 (1.27– 1.34)† 0.97 (0.94– 1.00) 1.20 (1.11– 1.29)†
Urban teaching 2.19 (2.12– 2.25)† 1.22 (1.19– 1.26)† 0.87 (0.85– 0.90)† 1.25 (1.17– 1.35)†

Hospital bed size
Small Ref. Ref. Ref. Ref.
Medium 1.35 (1.31– 1.39)† 1.14 (1.11– 1.18)† 0.98 (0.95– 1.01) 1.12 (1.05– 1.20)†
Large 1.90 (1.86– 1.95)† 1.34 (1.30– 1.37)† 0.90 (0.88– 0.93)† 1.29 (1.22– 1.37)†

* Values are the adjusted odds ratio (95% confidence interval). OI = opportunistic infection; Ref. = reference; SSTI = skin 
and soft tissue infection; UTI = urinary tract infection. 
† Significant. 



GOUT AND SERIOUS INFECTIONS IN THE US |      907

patients with gout hospitalized with infections. Female sex, lower 
income, and Medicare insurance payer type were associated with 
higher health care utilization. These patient characteristics indicate 
frailty, poor socioeconomic status and access to health care, and/
or more severe hospitalizations of patients with serious infections, 
which are all poor prognostic factors for serious infection out-
comes (37– 39). While some of the associations that we noted 
are intuitive (older age, lower income, higher comorbidity), other 
associations (female sex, Black race, Medicare insurance, hos-
pital characteristics) are new. Our study results can help increase 
awareness of outcomes and prognosis for at- risk populations with 
these characteristics who are admitted to hospitals with serious 
infections. If our findings are replicated, these findings might allow 
the development of a prognostic score for predicting outcomes in 
patients with gout hospitalized with these serious infections.

Our findings must be interpreted while considering the 
study’s limitations and strengths. Our study is at risk of misclas-
sification bias because we used the ICD- 9- CM codes to identify 
patients with gout. While several studies have supported high 
positive predictive values of these codes (17– 19), others have 
reported a lower accuracy (20,21). Validation within the NIS is 
not possible given the lack of medical records. The NIS does 
not include data from military or Veterans Affairs hospitals, thus 
impacting the generalizability of findings to patients admitted to 
these hospitals in the US. The NIS does not have data on med-
ications, laboratory tests, or disease severity, which limits the 
examination of these important variables. Study strengths 
include the use of national data, the inclusion of several poten-
tial confounders, and the occurrence of sufficient events for the 
condition(s) of interest.

In conclusion, we examined the epidemiology and time 
trends of 5 common types of serious infections in patients hospi-
talized with gout in a national US study. We analyzed health care 
utilization and mortality associated with common serious infec-
tions in patients hospitalized with gout. A better understanding 
of the predictors of these outcomes will not only allow a better 
understanding of the prognosis but can also allow the develop-
ment of individual- level or systems- level interventions to improve 
outcomes of serious infections in patients hospitalized with gout.
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Modifications in Systemic Rheumatic Disease Medications: 
Patients’ Perspectives During the Height of the COVID- 19 
Pandemic in New York City
Carol A. Mancuso,1  Roland Duculan,2  Deanna Jannat- Khah,1 Medha Barbhaiya,1  Anne R. Bass,1
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Objective. Concerns about severe acute respiratory syndrome coronavirus 2 (SARS– CoV- 2) infection may have 
led to changes or discontinuation of immunosuppressive medications among patients with systemic rheumatic 
disease. Our goal was to assess patients’ perspectives regarding medication modifications and deviations from 
planned uses during the height of the pandemic.

Methods. Adult patients of 13 rheumatologists at an academic center with physician- diagnosed rheumatic 
disease and prescribed disease- modifying medications were interviewed by telephone and asked open- ended 
questions about the impact of SARS– CoV- 2 on their medications. Responses were analyzed using content and 
thematic analyses to generate categories that described patterns of medication modification.

Results. A total of 112 patients (mean age 50 years, 86% women, 34% non- White race or Latino ethnicity) with 
diverse diagnoses (30% lupus, 26% rheumatoid arthritis, 44% other) who were taking various medications were enrolled. 
Patients reported clinically relevant issues that were iteratively reviewed to generate unique categories of medication 
modification: medications and increased or decreased risk of SARS– CoV- 2 infection; role of hydroxychloroquine; 
maintaining medication status quo; role of glucocorticoids; increasing or decreasing existing medications in relation 
to clinical disease activity; postponing infusions; and medication plan if infected by SARS– CoV- 2. Some modifications 
were suboptimal for disease control but were made to mitigate infection risk and to minimize potential harm when 
patients were unable to obtain laboratory tests and physical examinations due to cessation of in- person office visits.

Conclusion. During the height of the pandemic, substantial medication modifications were made that, in some 
cases, were temporizing measures and deviations from planned regimens. Future studies will assess short-  and long- 
term sequelae of these medication modifications.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS– 
CoV- 2) has profound infectious and inflammatory effects and is a 
particular threat to patients with preexisting comorbidity (1). In gen-
eral, patients with systemic rheumatic disease (i.e., autoimmune, 
chronic, inflammatory conditions) are especially at increased risk 
of serious infection and worse clinical outcomes due to underlying 
immune dysfunction, superimposed immunosuppressive medica-
tions, and disease- related comorbidity (2,3).

Multiple classes of medications exist for rheumatic disorders 
with both general and highly specific effects, including anticytokine 
effects (4– 6). While stopping immunosuppressive medications may 

decrease infection risks, given the “cytokine storm” associated 
with SARS– CoV- 2, some immunomodulatory agents may miti-
gate certain inflammatory components of the virally induced coro-
navirus disease 2019 (COVID- 19) syndrome (6).

Despite possible infection, standard rheumatologic guide-
lines recommend maintaining an established medication regimen 
when rheumatic conditions are stable (2,7). Challenges arise, 
however, when flares develop during an at- risk period, such as 
during the COVID- 19 pandemic. Such periodic fluctuations in 
symptoms may be common under the best of circumstances but 
are more prevalent and severe during times of increased phys-
ical and psychological stress (8). Although potentially mitigated 
by telehealth visits for those with access, social distancing and 
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suspension of in- person office visits contribute to challenges as 
physicians are unable to gain information from physical examina-
tions and laboratory tests to inform their decision- making.

To date, there is limited information about the impact of 
COVID- 19 on patients’ experiences with their medications for 
systemic rheumatic disease. Preliminary reports indicate that 
altering medications may not be uncommon (2,9). The effects of 
decreased or suboptimal medication dosing in other scenarios, 
such as intentional cessation and nonadherence, generally have 
shown unfavorable outcomes (10). We hypothesized that patients 
had medication modifications due to COVID- 19 that deviated 
from established regimens.

Our goal was to obtain detailed information about patients’ 
experiences with their medications during the COVID- 19 pan-
demic. We sought this information in real- time during the height of 
the pandemic in New York City.

PATIENTS AND METHODS

Recruitment. This study was approved by the institu-
tional review board at Hospital for Special Surgery (HSS), and 
all patients provided verbal consent. Enrollment started on 
April 2, 2020, when incidence and death rates from COVID- 19 
in New York City showed continuous increase, and ended on 
April 21, 2020, when these rates showed several consecutive 
days of decrease (11) (Figure 1). Patients were recruited from 
13 rheumatology practices at HSS, selected because they had 
high volumes of patients with diverse diagnoses, serve patients 
of different socioeconomic statuses, and participate in clinical 
research. Patients were eligible if they were English speaking and 
were taking at least 1 immunosuppressive medication, includ-
ing glucocorticoids and disease- modifying antirheumatic drugs 
(DMARDs) (12). All patients had a rheumatologist- diagnosed 

systemic rheumatic disease. Patients were identified by direct 
referral from their rheumatologists as having had a recent visit 
or communication with their rheumatologist. Patients also were 
identified by reviewing daily telehealth appointment schedules 
during the past week; patients were then recruited after obtaining 
approval from their rheumatologists.

Data collection. This study used interpretive qualita-
tive methods and grounded theory, which are appropriate when 
explanations of new phenomena are sought. Ground theory relies 
on acquisition of actual data from which new theories are gener-
ated (13– 16).

Patients were contacted by telephone and, if they agreed 
to participate, they were either interviewed at that time or at an 
alternative preferred date. Patients were asked the following 
open- ended questions: “What do you know about medications 
for rheumatic conditions and COVID- 19? If you altered your med-
ications because of COVID- 19, why, in what ways? How do 
you think this might benefit/harm you? What did you and your 
rheumatologist talk about regarding COVID- 19 and your medica-
tions?” These questions were modeled after a qualitative study of 
RA patients’ perspectives about tapering medications (17).

Two nonrheumatologist physicians experienced in quali-
tative data collection and analysis (CAM and RD) interviewed 
patients. One investigator (CAM) conducted the interview, and 
both investigators wrote down responses in independent field 
notes. The second investigator’s (RD) notes were detailed with 
verbatim key responses that in some instances were phrases 
but most often were short sentences. As needed, patients were 

SIGNIFICANCE & INNOVATIONS
• The coronavirus disease 2019 pandemic influenced 

modifications in medications for systemic rheumat-
ic diseases with potential short-  and long- term se-
quelae for disease control.

• Modifications were not systematic but instead, in 
some cases, resulted in more or additional medi-
cations, particularly glucocorticoids, and in other 
cases resulted in fewer medications, such as delays 
in infusions and in response to flares.

• Guidelines for regulating medications for system-
ic rheumatic diseases during times of uncertainty 
should address immunosuppressive and immuno-
modulatory effects of existing regimens, response 
to increased or decreased rheumatic symptoms, 
and alternative methods to monitor disease activity 
in the absence of traditional physical examination 
and laboratory tests.

Figure 1. Number of cases (A) and deaths (B) due to coronavirus 
2019 in New York City in 2020 according to date.
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asked to repeat their responses for clarification and emphasis, 
and responses were not paraphrased. Responses also were 
repeated back to patients for content validation and to ensure 
accuracy in recording the patients’ own words (14– 16). Patients 
were aware that there were 2 physicians participating. All inter-
views addressed the same questions, and patients were encour-
aged to cite personal experiences to support their perspectives. 
Immediately at the conclusion of each interview, the investiga-
tors conferred to ensure comprehensive notation of responses 
and to create a single composite account of the conversation. 
As the interviews progressed, incoming responses were simi-
lar to previous responses, and the collective set of responses 
comprehensively addressed the research questions (18). Elec-
tronic medical records were reviewed to collect information 
about demographic characteristics, currently prescribed med-
ications, clinical history, and any laboratory- confirmed diagnosis 
of SARS– CoV- 2.

Qualitative analyses. The investigators’ field notes were 
transcribed and, using open coding, were reviewed line- by- line to 
identify unique concepts based on an inductive approach (13,14). 
Concepts were then aggregated into categories according to 
the common phenomena they represented. Based on constant 
repeated review and a comparative analytic strategy, categories 
were iteratively examined and refined to ensure that they addressed 
unique features (13,19,20). Categories were then named to 
describe the main topics that they represented. The investigators 
who participated in the telephone calls did the initial coding and 
assembled the categories. Two other investigators (DJK and BM), 
one a rheumatologist, and the other a biostatistician with qualitative 
experience, subsequently and independently reviewed the tran-
scripts and confirmed that they agreed with (i.e., corroborated) the 
categories (13,21).

RESULTS

In total, 112 patients participated and completed the inter-
view. They were enrolled as follows: 117 were contacted by tele-
phone; 105 participated in the interview at the time of the initial 
telephone call. Nine patients requested an arranged time for the 
interview; of these, 7 were interviewed within 3 days, and 2 could 
not be interviewed during the enrollment period. Three women 
refused to participate due to an inconvenient time or unwillingness 
to discuss personal situations.

Most participants were women (86%), the mean ± SD age 
was 50 ± 15 years, and 34% were self- described as non- White 
or Latino (i.e., 19% non- White race, another 15% Latino ethnic-
ity) (Table 1). Patients had various diagnoses (i.e., 30% systemic 
lupus erythematosus, 26% RA, 44% other) for a mean ± SD dura-
tion of 11 ± 10 years; range 6 months to 57 years). All patients 
were taking at least 1 medication, and 63% were taking >1 med-
ication (Table 1). Two patients had a confirmed positive diagnosis 

of SARS– CoV- 2 within the preceding 4 weeks; one had been hos-
pitalized, and the other was treated as an outpatient.

Based on qualitative analyses, the following categories were 
identified regarding potential medication risks and alterations 
in medication regimens. Generic names have been substituted for 
brand names in quotations.

Table 1. Demographic and clinical characteristics (n = 112)*

Characteristics Value
Women 96 (86)
Age, median (interquartile range) years 49 (36– 60)
Race

White 91 (81)
Black 12 (11)
Asian 9 (8)

Latino ethnicity 17 (15)
Diagnosis

SLE 34 (30)
RA 30 (26)
UCTD 8 (7)
Psoriatic arthritis 8 (7)
Sjögren’s syndrome 4 (3)
Mixed connective tissue disease 3 (3)
Spondyloarthritis 2 (2)
SLE– UCTD overlap 2 (2)
Sjögren’s syndrome– RA overlap 2 (2)
Polymyalgia rheumatica 2 (2)
Granulomatosis with polyangiitis 2 (2)
Antiphospholipid syndrome– SLE overlap 2 (2)
Ankylosing spondylitis 2 (2)
Other† 11 (10)

Duration of disease, median (interquartile range) 
years

8 (4– 14)

Medications
Small molecules

Hydroxychloroquine 58 (52)
Glucocorticoids 58 (52)
Methotrexate 17 (15)
Azathioprine 10 (9)
Mycophenolate mofetil 7 (6)

Biologics
Tumor necrosis factor inhibitor 19 (17)

Adalimumab 8 (7)
Certolizumab 3 (3)
Etanercept 4 (3)
Infliximab 4 (3)

IL- 1 inhibitor (canakinumab) 1 (1)
IL- 5 inhibitor (mepolizumab) 2 (2)
IL- 6 inhibitor (tocilizumab) 6 (5)
IL- 17 inhibitor (secukinumab) 2 (2)
IL- 12/23 inhibitor (ustekinumab) 1 (1)
B cell activating factor inhibitor (belimumab) 13 (12)
T cell costimulatory signal inhibitor (abatacept) 4 (3)
Anti– CTLA- 4 monoclonal antibody (ipilimumab) 1 (1)
B cell CD20 monoclonal antibody (rituximab) 11 (10
JAK inhibitor (tofacitinib) 3 (3)

* Values are the number (%) unless indicated otherwise. IL = interleu-
kin; RA = rheumatoid arthritis; SLE = systemic lupus erythematosus; 
UCTD = undifferentiated connective tissue disease. 
† Small vessel vasculitis, SLE– Sjögren’s syndrome overlap, scleroderma, 
SLE– scleroderma overlap, SLE– RA overlap, RA– polymyalgia 
rheu   matica overlap, inflammatory polyarthralgia, eosinophilic 
granulomatosis with polyangiitis, atypical polyarthritis nodosa, adult- 
onset Still’s disease. 
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Table 2. Qualitative categories and quotations addressing the role of medications and risks of infection*

Categories Patients’ quotations
Rheumatic disease medications 

and risk of SARS– CoV- 2
“I am not sure if the lupus or the medications makes me more vulnerable. Belimumab and mycophenolate 

definitely make me more at risk. But it is confusing. Am I more at risk of getting the virus or more at risk of 
what happens if I get it?” (woman with lupus, age 35 years).

“I have interstitial lung disease, I am older, and I am on immunosuppressant medications methotrexate and 
prednisone. I am in big trouble if I get it. Medicines definitely make me more at risk” (man with Sjögren’s 
syndrome, age 67 years).

“I am potentially immunocompromised due to medications and therefore more vulnerable” (woman with 
RA, age 33 years).

“I am on adalimumab; I am at higher risk, meaning it would take me longer to recover” (woman with atypical 
polyarthritis nodosa, age 30 years).

“We take drugs that compromise the immune system. We may not be able to fight as others do if we get the 
illness” (woman with RA, age 52 years).

“I stopped going to Christmas parties and didn’t get the flu anymore; so if I avoid people I don’t get sick. Or 
maybe the medications protect me? I took etanercept in the past and now certolizumab for 8– 10 years. 
I don’t know if the medications make more risk or maybe they make less risk” (man with RA, age 64 years).

Role of hydroxychloroquine “I have taken hydroxychloroquine for 15 years, it works wonders for me. I have no flare ups. I have more or 
less a normal life. I have no organ problems. I do not want to change it. The pharmacy didn’t have it and 
put me on a waiting list, but then I got it because lupus has priority” (woman with lupus, age 74 years).

“I have no difficulty getting hydroxychloroquine. The pharmacist knows me well for 25 years. I got a 
3- month supply. He said never worry. Five other patients got it too” (woman with RA, age 58 years).

“It was difficult to get hydroxychloroquine; the pharmacy would not give me a 3- month supply. I know they 
are trying to use if off label for COVID and that is making it hard for patients with rheumatic conditions to 
get it” (woman with UCTD, age 52 years).

“My doctor said if I had trouble getting hydroxychloroquine I could take half the dose because I have built 
up enough protection in my system. But I am concerned about the potency of the hydroxychloroquine 
and its ability to prevent flares at lower doses” (man with inflammatory polyarthralgia, age 50 years).

“I have a prescription for 2 pills a day, but my doctor told me that I should be taking only once a day, so I am 
able to keep a reserve. I also got some on online so I now have over a year’s supply” (woman with lupus, 
age 22 years).

“Hydroxychloroquine has been suggested as a possible modality for the virus, Vitamin C and antibiotics too. 
But I don’t know how this would work; nobody knows. We have to sit tight until scientists and doctors 
come up with a treatment, a vaccine, and understand transmission” (woman with RA, age 53 years).

Maintain medication status quo “I spoke briefly with my doctor before the real epidemic started. He told to be careful, do the same thing as 
I was doing with my medications, make no changes to my medications. He said my medications don’t 
increase my risk, but my preexisting condition does” (woman with RA/lupus, age 45 years).

“My doctor is afraid if I don’t get the rituximab infusion I will get a flare and thus be back- pedaling to get 
where I should be. I postponed it a couple of weeks and got it the end of March. Then I got another 
infusion 2 days ago for April” (woman with RA/Sjögren’s syndrome, age 39 years).

“Early on I discussed this with my doctor. He said for the time being it is more dangerous to alter 
medications, so stay on them” (woman with RA, age 33 years).

Role of glucocorticoids “My mother passed away a couple of weeks ago. Then my lupus went berserk and I needed more 
prednisone. My doctor told me to continue at this higher dose for now and then taper it” (woman with 
lupus, age 54 years).

“I take adalimumab and celecoxib and have a flare now. My RA is active, I have pain and swelling in my joints. 
My doctor started me on prednisone. I also take ibuprofen 800 mg 4 times a day. I am better but not 
there yet” (woman with RA, age 60 years).

“I am having a flare now, I cannot walk on my left foot, and my left elbow is swollen. I decided to accept the 
flare instead of increasing medications. I am not responding to hydroxychloroquine and am not willing to 
advance to other drugs like methotrexate. My doctor supplemented the hydroxychloroquine with 
steroids, but I titrated it down now because I was going out of my mind” (woman with RA, age 53 years).

Plan if contracted SARS– CoV- 2 “There have been no alterations in my medications unless I get a fever. Then I stop my medications” (woman 
with systemic sclerosis, age 57 years).

“My doctor told me not to alter medications, but if I get sick to tell him right away and then maybe he would 
lower the medications” (man with small vessel vasculitis, age 31 years).

“I had an appointment with my doctor the week before it all happened. She said take precautions and if it 
feels like I am becoming sick to start to lower the methotrexate” (woman with UCTD, age 44 years).

“My doctor told me to stop methotrexate and adalimumab if I get infected, otherwise it is better not to have 
a flare” (woman with RA, age 33 years).

“I emailed my doctor and asked what should I do if I get sick. She said if my temperature was greater than 
100 and I got a sore throat, I should increase my hydroxychloroquine and vitamin C for 1 day, then 
continue my regular dose and call her right away” (woman with lupus, age 34 years).

* Generic names have been substituted for brand names in quotations. RA = rheumatoid arthritis; SARS–CoV-2 = severe acute respiratory 
syndrome coronavirus 2; UCTD = undifferentiated connective tissue disease. 
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Rheumatic disease medications and SARS– CoV- 2 
risk. Patients had different opinions about medications, but many 
thought that their medications increased the risk of contracting 
SARS– CoV- 2 (Table 2). In some cases, patients considered this 
risk greater than the risk from their rheumatic condition. They also 
believed they would have worse outcomes because of their med-
ications if they contracted the virus. “I think the risk from medica-
tions is definitely greater than the risk of RA. My medications make 
a bigger impact” (woman with RA, age 33 years). “We take drugs 
that compromise the immune system and may not be able to fight 
as others do if we get the virus” (woman with RA, age 52 years). “If 
I get the virus it would be bad news, a whole different ball game” 
(man with psoriatic arthritis, age 42 years).

These concerns, however, were countered by concerns for 
potential consequences of not taking medications, specifically 
worsening symptoms and triggering flares. “If I were to stop meth-
otrexate my risk would go down, but which way is better? Balance 
the risk of a flare with the risk of COVID?” (woman with RA, age 
50 years) “Medications are a double- edged sword; damned if you 
do and damned if you don’t” (woman with lupus, age 48 years).

In contrast, some patients believed medications decreased 
the risk of infection. They believed better control of their condi-
tion enhanced their ability to be healthy and withstand infection. 
“I don’t think medications increase my risk, I think I am at less risk 
because of the medications. I can fight better if I am healthier” 
(woman with Still’s disease, age 27 years).

Role of hydroxychloroquine. Our study occurred during 
the initial controversy surrounding potential therapeutic effects of 
hydroxychloroquine for COVID- 19 (21). Fifty- two percent of patients 
were taking hydroxychloroquine and attested to its importance in 
controlling their condition (Table 2). Of these, 61% reported no dif-
ficulty obtaining hydroxychloroquine; the rest, however, needed 
their rheumatologist’s help to obtain the medication, mainly by 
communicating with pharmacists and insurance companies to 
verify diagnosis and prescription, or to arrange mail order delivery.

Some patients were markedly anxious about the availabil-
ity of hydroxychloroquine and sought to ensure that they had a 
surplus. Some patients also reported that their rheumatologist 
advised decreasing the dose or switching from daily to alternate- 
day dosing if their supply was low; however, only 1 patient did 
so, and the rest reported that they did not miss any doses. Some 
patients also were surprised that hydroxychloroquine, a medica-
tion that they believed potentially weakens the immune system, 
could be beneficial in fighting infection. Most acknowledged that 
the role of hydroxychloroquine was unresolved and needed fur-
ther study. “Initially I was very worried. But now I am not so sure. 
My nephrologist says hydroxychloroquine could possibly be good 
because it is a modulator for inflammation” (woman with lupus, 
age 34 years). “Some say hydroxychloroquine is good for inflam-
mation. But I don’t know too much about it. I think it is still exper-
imental” (woman with lupus, age 48 years).

Maintain medication status quo. Most patients reported 
conversations with their rheumatologists within the past month 
about medications and susceptibility to the virus. Most reported 
that they were advised not to alter medications (Table 2). The main 
reason was to not induce change in the immune system that might 
affect the ability to resist infection. “I am well now on these med-
ications. No flares. My doctor said stay the course.” (man with 
psoriatic arthritis, age 61 years). “My doctor said the immune sys-
tem should be where it should be, not over- active and not under- 
active” (woman with undifferentiated connective tissue disease, 
age 66 years).

In some cases, maintaining medication regimens was 
accomplished by self- injection instead of hospital- based infusions 
when a subcutaneous option existed. “I give myself injections at 
home now. I learned to do this online with remote learning ses-
sions. My doctor walked me through it. I was a little nervous but 
he did not want me to go to the office and he did not want me 
to miss any doses” (woman with eosinophilic granulomatosis with 
polyangiitis, age 65 years).

Role of glucocorticoids. At the start of the pandemic, 
some patients were recuperating from a flare and were taper-
ing prednisone. If patients were on multiple medications and 
were improving, the decision often was made to proceed with 
the predetermined tapering plan (Table 2). “I take hydroxychlo-
roquine, methotrexate and abatacept; the prednisone is being 
tapered now. Two days ago I discussed this with my doctor. 
We decided to continue the taper because I am feeling better” 
(woman with RA, age 33 years).

For some patients, glucocorticoids increased during the 
study period, specifically in response to flares. Glucocorticoids 
were preferentially used rather than adding or modifying a 
DMARD. Patients commented that these were attempts to tem-
porize and quickly reverse symptoms in lieu of more definitive 
treatments that require monitoring with laboratory tests. “I spoke 
to my doctor yesterday, I have puffy fingers. She increased my 
prednisone from 5 to 7.5 [mg]” (man with RA, age 66 years). “I am 
having a flare. My doctor would have prescribed a biologic but 
doesn’t want to start a new drug now with the virus. It is hard to 
get blood work, there isn’t the usual lab access. So we are using 
a band- aid instead, prednisone” (woman with RA, age 47 years).

Decrease existing medications. In some instances, 
patients reported that rheumatologists decreased medications 
to diminish SARS– CoV- 2 infection risk. Patients believed that 
this was based on their rheumatologists’ knowledge of their prior 
bouts of infection or attempts to streamline a multi- medication 
regimen (Table 3). More often, however, when medications were 
altered because of SARS– CoV- 2, it was done by apprehensive 
patients. After changes in medications, some patients remained 
stable, but others did not and needed to resume medications. “I 
curtailed my methotrexate myself. I panicked early on and stopped 
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it. I am off it now and the results have been good 6 weeks later. 
My doctor said so far, so good, and didn’t insist I restart it” (man 
with RA, age 41 years). “I stopped ustekinumab myself because 
should I be exposed to the virus I do not know what would hap-
pen. My reaction could be less, or maybe more. As a result I am 
in a bad flare with my psoriasis. It is everywhere, big patches even 
on my scalp, and it is very bad” (woman with undifferentiated con-
nective tissue disease, age 59 years).

Concern about decreasing medications. Most patients 
were concerned that decreasing medications would result in 
worse symptoms and flares. Some were also concerned about 
the availability of medical care if they were to have a flare. “I take 
so many medications, I am afraid if I stopped them my pain 
would be worse” (woman with lupus, age 49 years). “When I 
stop my medications my skin gets tight and my joints hurt” (woman 
with systemic sclerosis, age 57 years). “I take methotrexate for RA 

Table 3. Qualitative categories and quotations addressing increasing and decreasing medications*

Categories Patients’ quotations
Decrease existing medications “I was sick in January, went to the doctor twice, I was pretty sick. Then I got another bout that was milder. 

I am extremely concerned because of my age and my medications. My doctor told me to stop rituximab 
but to continue the hydroxychloroquine at the maximum dose. I am happy to be off rituximab; the less 
medicine the better” (woman with RA/Sjögren’s syndrome, age 57 years).

“My doctor and I decided to come off the etanercept because of the virus. But then my right hand swelled 
up and I started it again, and we added prednisone too. It is better now” (woman with RA, age 73 years).

“I stopped my medications, but not at my doctor’s advice. I think if I get the virus my body has more of a 
chance to fight it if off medications. But I got more symptoms; all the old problems came back. Two days 
ago I told my doctor about the swelling and achiness. He said to go back on the medications right away or 
else my body might develop antibodies to the drugs and I might need new medicines, which are 
stronger” (man with RA, age 70 years).

“In the beginning I was extremely concerned. My doctor said if you think it will help, go ahead and stop the 
tofacitinib, but he didn’t want me to. I decided to stop it on March 16 because I was frightened that my 
immune system was not going to withstand the virus. I stopped for 4 weeks and then started not to feel 
great. I was feeling a little creaky; I thought maybe because I was not getting enough activity. My doctor 
said to resume the medicine, so I am back on it as of April 9” (woman with granulomatosis with 
polyangiitis, age 66 years).

Concern about decreasing 
medications

“I am worried if I stop medications my symptoms will come back. I had a lot of knee pain, I am afraid that 
pain would come back” (woman with RA, age 53 years).

“I know the role of my medications, I know I need them. I will get sick if I don’t have them. I take 
azathioprine, prednisone and hydroxychloroquine” (woman with lupus, age 41 years).

“I am concerned if I am not taking my medications. In 1 week the arthritis would come roaring back with 
morning stiffness and swelling of my hands and feet. I also have lesions on my skin and scalp, they would 
come back too” (man with psoriatic arthritis, age 42 years).

No decrease in medications 
despite clinical improvement

“I had a visit with my doctor 3 weeks ago, she said I could probably decrease my steroids, but due to COVID 
maybe it is better not to change anything” (woman with mixed connective tissue disease, age 55 years).

“I know I am suppressed because of adalimumab. I was in a flare and consulted my doctor when my 
symptoms were better. But he said not to decrease the adalimumab even though the flare was better; he 
otherwise would recommend decreasing it. That was because of COVID” (woman with RA/lupus, age 30 
years).

No increase in medications 
despite a flare or lack of 
improvement

“My doctor wants me to keep the hydroxychloroquine as is. I am in- between. I know I need more 
medications because my hand is swelling, it is a flare. But we will hold for now” (woman with RA, age 50 
years).

“I had a flare and was started on belimumab as a result of blood work. The pain increased and the 
belimumab was stopped and I was started on prednisone 40 mg a day. My doctor did not want to try 
another biologic due to the virus” (woman with lupus, age 28 years).

“I am taking hydroxychloroquine and prednisone, the goal was to move me off prednisone and onto 
methotrexate. But my doctor does not want 2 standing immunosuppressive drugs at the same time right 
now, so the start of methotrexate is on hold and we are slowing down the prednisone taper” (woman 
with UCTD, age 55 years).

“When I get a cold I get a systemic response. I get very sick. I had symptoms starting in early March and 
tested positive for COVID on March 29. I was supposed to start certolizumab, but we decided not to. I still 
have a cough and maybe my heart and my lungs are still involved” (woman with spondyloarthritis, age 
52 years).

Postponing infusions “My next infusion of rituximab is for June. If I am feeling well my doctor said we will see if I can push the 
infusion until August” (woman with granulomatosis with polyangiitis, age 66 years).

“I have not had an infusion since February 13. I am supposed to do it every 4– 5 weeks. So far I feel OK. My 
doctor said do not come to the hospital for an infusion. If I deteriorate then we will start prednisone. 
Then we will go back to the infusion plan when I can come back to the hospital” (man with RA/polymyalgia 
rheumatica, age 77 years).

“I had my infusion of infliximab 6 weeks ago. I am due this week, but it has been postponed until May. My 
doctor said let’s see what happens in May. He gave me a prescription for prednisone which I would start 
if I cannot get the infliximab” (man with psoriatic arthritis, age 71 years).

* Generic names have been substituted for brand names in quotations. RA = rheumatoid arthritis; UCTD = undifferentiated connective tissue 
disease. 
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and would get sick if I didn’t. I know methotrexate weakens my 
immune system and makes me more vulnerable. But I worry 
about a flare and if I can’t get to the hospital” (woman with RA, 
age 50 years). “My fear is going to the hospital more than getting 
the virus. It is chaotic there” (woman with lupus, age 76 years).

No decrease in medications despite clinical improve-
ment. In some situations, medications were not decreased when  
there was clinical improvement and there had been a plan to 
taper medications based on symptoms. According to patients, 
this was driven by the rheumatologist’s desire to avoid possible 
flares and subsequent increased susceptibility to infection. “My 
doctor was lowering my prednisone dose but is holding for now 
so that I do not get sick” (woman with polymyalgia rheumatica, 
age 75 years).

In other situations, medications were not decreased due to 
lack of laboratory tests to support that there was improvement. “I 
was started on injections every week, then blood tests were fine 
and I went to every other week. I would normally have a blood test 
this week and based on that I could go to every 3 weeks. But I 
can’t come for the test. My doctor said stay on the current regi-
men because we can’t tell how the inflammation is now” (woman 
with polymyalgia rheumatica, age 74 years).

No increase or change in medications despite a 
flare or lack of improvement. In some cases, medications 
were not increased when patients and rheumatologists had 
previously discussed a plan and a timeline to increase doses if 
there was only a partial response and the medication was well 
tolerated (Table 3). “My doctor was supposed to start metho-
trexate but didn’t though it was indicated because of the virus” 
(woman with undifferentiated connective tissue disease, age 
66 years).

There also were plans to switch to other medications if 
there was no improvement and no clinical or laboratory test side 
effects. These changes often were not made because of the 
absence of physical examination and laboratory tests. “I had a 
bad flare for 2 days, there were no changes to my medications. 
My doctor wants blood work first before changing medications” 
(woman with lupus, age 51 years).

As above, some patients had flares and would other-
wise have increased doses of medications. “I currently have a 
flare; my elbows, knees and toes are swollen. I have had RA 
for more than 18 years; I know a flare. My doctor said he would 
switch my medications from etanercept to adalimumab, but he 
has not done it yet. He otherwise would have” (woman with 
RA, age 52 years). “I am not on hydroxychloroquine now, but 
was supposed to start it. I am on prednisone. My [general prac-
titioner] said to get off the prednisone immediately because it 
decreases my immunity and gives me hallucinations. I am hav-
ing hallucinations now” (woman with Sjögren’s syndrome, age 
45 years).

Postponing infusions. Obtaining periodic medication 
infusions also posed challenges as risks of missing doses were 
weighed against risks of being exposed to clinical settings. In gen-
eral, patients reported that rheumatologists encouraged continu-
ing infusions if possible. “I did not get my infusion on March 30. My 
doctor told me to stay away. I already see a difference; I have less 
energy. I am due for the next infusion on April 27, I hope I can get 
it” (woman with RA, age 74 years).

Some patients, however, preferred to avoid infusions even if 
it meant worse symptoms. “I missed my infusion on March 17 and 
am planning to miss my infusion on April 22. I have a flare now, 
body pain all over, my arm and ankle are swollen, my legs are stiff, 
and walking is difficult. I am taking celecoxib; it bothers my stom-
ach so I am taking famotidine. I didn’t speak to my doctor about 
this flare” (woman with lupus, age 37 years).

Plan if contracted SARS– CoV- 2. All patients reported 
that their rheumatologists emphasized safe practices, such 
as staying home and monitoring symptoms. Some patients 
reported that their rheumatologists also proposed a plan for 
what they should do with medications if viral symptoms devel-
oped (Table 2). “My doctor told me don’t change anything during 
COVID. But if I get the virus I should leave the prednisone as is 
and go off the mycophenolate” (woman with eosinophilic granu-
lomatosis with polyangiitis, age 65 years).

Instructions were more detailed for patients who were at 
particular risk of infection, for example, those who had direct 
exposure to someone who had the virus. “My doctor said 
the moment I develop any symptoms whatsoever, I should 
stop belimumab completely, increase hydroxychloroquine, and 
call him on his cellphone immediately” (woman with lupus, age 
49 years).

DISCUSSION

Our qualitative study showed that patients and their rheu-
matologists faced challenges regulating medications for systemic 
rheumatic diseases during the height of the COVID- 19 pandemic 
in New York City. Based on interviews with patients, we discerned 
that patients were aware of the increased risks simultaneously 
posed by their underlying immunocompromised state and medi-
cations used for treatment. They also identified challenges posed 
by the virus, including switching medications, periodic infusions, 
and managing flares.

The major finding of our study is that the COVID- 19 pandemic 
influenced modifications in systemic rheumatic disease medica-
tions with potential short-  and long- term sequelae for disease 
control. Modifications were not systematic but instead, in some 
cases, resulted in more or additional medications, particularly glu-
cocorticoids, and in other cases resulted in fewer medications, 
such as delays in infusions and in responses to flares. The implica-
tions of our study are that guidelines for regulating medications for 
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systemic rheumatic diseases during times of uncertainty should 
address immunosuppressive and immunomodulatory effects of 
existing regimens, response to increased or decreased rheumatic 
symptoms, and alternative methods to monitor disease activity in 
the absence of traditional physical examinations and laboratory 
tests. (7).

Most patients in our study were aware of potential con-
sequences of deviating from usual medications and dosing 
regimens. We found that the main deviation was that some med-
ications were not dosed as they otherwise would have been. This 
was done both to minimize alterations to the immune system 
that might impede response to the virus and because of the inabil-
ity to monitor physical examinations and laboratory tests. In some 
cases, medications were not decreased as planned when there 
was clinical improvement; in this scenario, patients were exposed 
to more medications than necessary. In other cases, medications 
were not increased or initiated to replace ineffective ones; in this 
scenario, patients were exposed to medications that were no 
longer indicated while their disease remained active.

Although our study took place during a brief period, some 
patients already reported worsening symptoms and flares that 
they attributed to suboptimal medications and to emotional and 
physical upheaval caused by the pandemic (22). Glucocorticoids 
were often used in response because they reversed symptoms 
quickly and were familiar to patients. This strategy, however, intro-
duced new side effects and other management decisions associ-
ated with tapering.

The focus on hydroxychloroquine during the study period 
resulted in decreased supplies in some local pharmacies and 
increased concern among patients about future availability (23). 
Some rheumatologists had to intervene to ensure that their 
patients had the requisite supply. Some patients were curious to 
learn how the virus could invoke an inflammatory response that 
was similar to their rheumatic disease and thus potentially was 
treatable with similar medications.

With respect to prior studies, most reports to date are from 
physicians’ perspectives (6,24), with limited information about 
patients’ perspectives regarding rheumatic disease medications 
and COVID- 19. One registry- based study addressing patients’ 
point of view was conducted at the end of March 2020 and emailed 
patients across the US to ask about viral symptoms, medications, 
and health care access during the previous 2 weeks (9). In this 
registry study, ~11– 14% of respondents reported self- imposed 
or physician- directed changes to medications, and these were 
attributed to concerns about the virus or recent viral symptoms. 
No information about alternative medication regimens, flare man-
agement, and suboptimal increases or decreases in medications 
was obtained.

Most information about elective medication alteration comes 
from reports of decreasing or stopping therapies under the guid-
ance of physicians and in response to patients’ requests for 
lower doses and drug holidays (25). Current guidelines support 

tapering treatment after remission, but the optimal approach 
is not known (26,27). Physicians’ concerns include managing 
relapses, recapturing control with retreatment, and monitoring 
laboratory test progression (27,28). In a qualitative study assess-
ing patients’ perspectives about decreasing medications, major 
concerns included recurrence of symptoms, disease pro-
gression, quality of life, and prompt access to health care for 
flares (17).

There are several limitations to our study. First, our partic-
ipants were patients at 1 tertiary care center in New York City, 
and their perspectives may differ from patients in other settings 
where the pandemic was less prevalent. Also, although rheu-
matic diseases generally are more common in women, men 
were underrepresented in our study. Second, physicians were all 
specialty- trained academic rheumatologists whose management 
practices may differ from those of other health care providers. 
Third, in order to capture current perspectives and practices, we 
sampled from patients who recently were in contact with their 
rheumatologists. This may represent a cohort with greater flux in 
their condition or greater likelihood of seeking and accepting alter-
ations in medications. Fourth, we did not audiotape interviews in 
order to streamline enrollment and maximize participation during 
a challenging recruitment period. As such, some nuances and 
details may have been missed in field notes.

Our study provides a comprehensive view of patients’ atti-
tudes and medication practices during the height of the COVID- 19  
pandemic in New York City. Notable strengths of this study are 
that patients were enrolled from different rheumatology practices, 
had diverse diagnoses, and were taking a variety of rheumatic 
disease medications. Additionally, our study was conducted in 
real- time and therefore was not subject to recall error. It also was 
conducted within a narrow timeframe during the active period 
of the pandemic and thus was less subject to shifting perspec-
tives based on subsequent information. We learned that during 
this most uncertain time, patients and their rheumatologists made 
substantial modifications to essential medications that, in some 
cases, were temporizing measures and deviations from planned 
regimens. These modifications occurred to minimize both infec-
tion risk and potential harm from not being able to monitor clinical 
status with physical examinations and laboratory tests. The near-  
and long- term sequelae of these modifications and deviations will 
be assessed in longitudinal follow- ups.
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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.
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