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E D I T O R I A L

Moving Beyond “Until Saturation Was Reached”: Critically 
Examining How Saturation Is Used and Reported in 
Qualitative Research
Jenny Leese,1 Linda C. Li,1  Laura Nimmon,2 Anne F. Townsend,3 and Catherine L. Backman1

Saturation is well known in qualitative research as a key meth-
odologic concept and criterion for discontinuation of data collec-
tion and/or analysis. Often it is used by qualitative researchers 
in making decisions related to the adequacy of their sample size 
(1). It is becoming increasingly common for decisions to take 
place at the planning stage in order to propose sample size to 
potential funders or ethics review boards. A concise statement, 
such as the phrase “until saturation was reached,” is frequently 
included in the reporting of qualitative research to justify the dis-
continuation of data collection and/or analysis. There is a trend, 
however, to not offer explanation of what saturation means or 
how it occurred in the context of a study. These statements are 
therefore at risk of being vacuous (included perhaps to check a 
box that will drive away reviewer and reader criticism) or overly 
simplistic (perhaps a response to word limit constraints, prevent-
ing an accurate portrayal of authors’ efforts to richly engage in 
considerations around saturation). Formal quality guidelines (2,3) 
and sometimes a journal’s own quality criteria request that satura-
tion is discussed and, if authors do not discuss saturation in line 
with these assessment criteria, reviewers may request revision (4). 
In this editorial, we argue that uncritical and/or overly simplistic 
statements about saturation are not sufficient to indicate quality in 
qualitative research. We contribute to increasing calls to clarify the 
concept of saturation in research reports by inviting authors and 
reviewers to critically reexamine and elaborate on how they justify 
and report saturation in qualitative research (1,4– 8).

The notion of saturation has multiple distinct meanings. While 
its origins lie within grounded theory, at least 4 different forms of 
saturation are used (sometimes in isolation or in hybrid combina-
tions) across a broad range of qualitative approaches, with each 
form having its own theoretical and methodologic assumptions 
that underpin them (9). Rooted within grounded theory, theoretical 

saturation relates to the degree of development of theoretical cat-
egories (10,11). This aligns with the underlying epistemologic posi-
tion and general goals of grounded theory, which aim to propose 
explanatory theoretical frameworks (10,11). The notion of satura-
tion has since evolved in the literature. Saunders et al identify 3 
variants of saturation, including inductive thematic saturation, a 
priori thematic saturation, and data saturation (9). Briefly, inductive 
thematic saturation is similar to theoretical saturation but relates to 
identifying new codes or new themes, rather than the degree of 
development of theoretical categories already identified (9). A priori 
thematic saturation takes a largely deductive approach in which 
data are collected to exemplify predetermined theoretical catego-
ries (9). Data saturation relates to the degree to which new data 
repeat what was expressed in previous data, with no reference 
necessary to theoretical categories (9). Other more recent con-
cepts such as information power and theoretical sufficiency have 
also been proposed as alternative tools to make decisions about 
discontinuing sampling and analysis in qualitative research (12,13).

For decades, literature has drawn attention to the concept of 
saturation as nebulous, a source of confusion, or a process that 
lacks systematization, all while it has also come to be described 
as the gold standard by which purposive sample sizes are deter-
mined in health science research (5– 7,14). While the notion of 
theoretical saturation is well developed with clear guidance on its 
practical application in grounded theory (10,11), there tends to 
be more nebulousness surrounding other variants of saturation, 
in relation to whether and how they may apply to other qualita-
tive methodologies (1,4,6). There is no singular formula for deter-
mining saturation. Additionally, as identified in a review by Walker 
(15), there is little consistency in how saturation is reported across 
various qualitative methods, including grounded theory, quali-
tative description, phenomenology, ethnography, and narrative 
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analysis (not to imply that there should be consistency, neces-
sarily) (6,8,14,15). If saturation is deemed relevant by authors, it 
is thus typically determined through their own interpretation of the 
term and judgment informed by the literature. It is therefore incum-
bent upon authors to make thoughtful decisions around deter-
mining saturation (when relevant) and also in how it is reported. 
Of 15 articles that reported reaching saturation, as identified in 
a review by Francis et al, none were descriptive or transparent in 
their reporting about what saturation meant in practice or how it 
was achieved (1). This omission of an explanation of saturation is 
not isolated to the one journal that published the review by Fran-
cis et al. Authors who claim to have achieved saturation do not 
always explain what this means in the context of their studies, 
and often mention saturation only sparingly, which is an issue that 
has been highlighted by several scholars of qualitative methods 
(1,7,12,14).

To help address this issue, authors and reviewers can crit-
ically consider the relevance of saturation to the research ques-
tion, methodologic orientation, and context of each study. Varpio 
et al suggest that saturation may be a concept suited to positivist 
and post- positivist qualitative methodologies, such as Glaser and 
Strauss grounded theory (12). Framing saturation as a positivist 
or post-positivist concept, they emphasize that saturation has 
helped qualitative research to gain increased legitimacy (12). The 
authors also emphasize, however, the unintended consequence 
that qualitative researchers work within expectations for research 
rigour that are generally rooted in positivist and post- positivist 
traditions, even when working within non- positivist orientations 
(12). It is important that authors do not skim over the concept 
of saturation or overlook it if it is meaningful to their study. It is 
also problematic, however, to assume that saturation is a generic 
requirement or appropriate criterion for establishing quality across 
all qualitative approaches, given the wide variety of methodologies 
within qualitative research (4,8).

We posit that it is important for researchers to decide which 
form of saturation (if any) can meaningfully address the specific 
threats to quality in the context of a particular study. Moreover, we 
emphasize that it is important for authors to demonstrate how they 
have reached these decisions around saturation (if relevant) in their 
circumstance. The relevance of saturation should be assessed 
against expectations for research rigour that align with the the-
oretical and methodologic assumptions of an author’s particular 
qualitative approach. Quantity of data (or number of interviews), 
for example, is not necessarily theoretically important to achieve 
saturation across all qualitative approaches. What is determined 
as an appropriate sample size for one qualitative study is also 
not necessarily an appropriate sample size for another qualitative 
study (7). In some circumstances, a detailed description of the 
appropriateness or richness of data derived may be more impor-
tant in justifying saturation when reporting a study. There are also 
practical constraints, such as limited resources (e.g., time, money, 

energy), that could prevent saturation from being reached in well- 
intentioned studies for which it is deemed relevant (8,11). Pro-
longed engagement in the field and in- depth analysis is not always 
feasible. For a study in which saturation is meaningful, we argue 
that not reaching saturation does not necessarily invalidate quali-
tative findings and may simply mean that a phenomenon has not 
yet been explored fully or sufficiently.

When authors deem saturation relevant and feasible, it 
is crucial to demonstrate transparency by reporting what sat-
uration means in the context of their study, how it is part of 
their methodologic orientation, how it occurred, and any limi-
tations encountered. While we acknowledge the importance of 
concise reporting, we also argue that accurate and transpar-
ent reporting of qualitative methodologies is essential to ensure 
quality. Tables, figures, or appendices are alternative ways to 
provide evidence of how saturation (or other analytical decisions) 
was addressed when faced with limited word counts. Moving 
beyond universal applications and generic phrasing in report-
ing saturation can help to dispel the myth that saturation is the 
vital criterion for discontinuining data collection and/or analysis. 
It can enable the full range of qualitative research approaches to 
justify and explain discontinuing data collection and/or analysis 
in ways that are meaningful to their own rationales and contexts.
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A Defined Problem: Working Toward a Clinical Definition of 
Foot Osteoarthritis
Kade L. Paterson1  and John B. Arnold2

“The beginning of wisdom is in the definition of terms” is a 
quote often attributed to Socrates (1). While it is unclear whether 
these were Socrates’ actual words, it is well accepted that both he 
and Plato (and many other philosophers) debated the importance 
of meanings ascribed to words and terms and how these mean-
ings can change over time. Clinicians and researchers have like-
wise argued the importance of defining osteoarthritis (OA) and of 
updating the definition as understanding of the disease changes 
(2). Defining a complex and heterogenous condition such as OA 
has implications not only for clinical decision- making, but also for 
public policy decisions such as health care resource allocation, 
research priority setting and funding, and for research methodol-
ogy. In other words, defining OA is crucial for our collective wis-
dom in understanding and managing this highly prevalent disease.

Definitions for OA of the knee, hip, and hand are well estab-
lished and are based on decades of research efforts. In contrast, 
there has been a relative lack of research on defining foot OA; 
however, significant progress toward this goal has been made 
in recent years. A notable example is a large cohort study that 
used both structural joint changes on radiograph, and pain in the 
corresponding location, to define the population prevalence of 
symptomatic radiographic foot OA (3). The development of this 
standardized definition of symptomatic radiographic foot OA is 
important as it will help to align global foot OA research efforts 
that aim to describe its epidemiology, identify risk factors, and, 
ultimately, develop treatment targets. In this editorial, however, we 
argue that a complementary clinical definition of foot OA, based 
solely on clinical signs and symptoms without the need for radiog-
raphy, is also necessary.

A clinical definition is important for several reasons. Clinical 
symptoms are important to patients and are what drives them 
to seek care. For example, the main reasons patients with knee 
OA consult their general practitioner (and most likely other health 
professionals) include pain severity and duration, difficulties with 

daily activities, and joint swelling (4). Thus, given that these symp-
toms are the OA features that are most important to patients, and 
patients are the population to which researchers want to general-
ize their results, these symptoms ultimately drive research goals. 
A validated clinical definition of foot OA also might decrease the 
need for radiographs in clinical practice, reducing patient burden 
and health care costs. Likewise, a validated definition has the 
potential to make research less expensive and less burdensome 
for participants.

A clinical definition of foot OA is also important because there 
is some evidence of a discordance between OA symptoms, such 
as pain, physical dysfunction, and radiographic changes, at joints 
such as the knee (5). This is less clear at the foot, however, with 
at least 1 study showing a dose– response relationship between 
ra  diographic severity of the first metatarsophalangeal (MTP) joint 
and a range of clinical factors including joint pain (6). This not-
withstanding, the most recent recommendations from an expert 
international OA taskforce state that radiography or other imaging 
is not needed to diagnose OA in patients with typical symptoms or 
to monitor disease progression (7). Instead, imaging should only 
be used in atypical presentations or if there is a rapid change in 
symptoms. It should be acknowledged that like most OA research, 
these recommendations were solely based on studies of knee, hip, 
and hand OA, and therefore further research is needed to confirm 
whether they also apply to foot OA. This is especially important 
because the foot is anatomically complex and fundamentally dif-
ferent than the knee, hip, and hand. Furthermore, it could also be 
argued that foot pain in older people may be more likely due to 
causes other than OA (compared to these other sites), given the 
complexity of the foot and the range of potential musculoskeletal, 
vascular, and neurologic diagnoses in this population.

For other sites, such as the knee (8), hip (9), and hand (10), 
clinical definitions of OA have been in use for at least 3 decades. 
These definitions all include pain combined with at least 3 other 
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features, such as stiffness, bony enlargement, bony tenderness, 
older age, limited range of motion, and/or swelling (depending on 
the site). Of note, guidelines from the UK also advise that a clinical 
diagnosis of peripheral joint OA can be made without additional 
investigations if the patient is age ≥45 years, has activity- related 
joint pain, and has either no morning stiffness or morning stiffness 
that lasts <30 minutes (11). As with imaging recommendations, 
however, it is unclear whether these criteria also apply to foot OA 
given the lack of research in the area.

Combining this legacy of clinical OA definitions from other 
sites with research on foot OA symptoms conducted to date 
provides a possible platform on which to work toward a clinical 
definition of foot OA. Yet a fundamental consideration unique to 
the foot is whether separate definitions are needed for specific 
foot regions. In this editorial, we propose that the development 
of a clinical definition of foot OA include an overarching foot OA 
definition, complemented by 2 subdefinitions for different types of 
foot OA. An overarching definition may borrow components from 
OA at other sites and/or the general definition of peripheral joint 
OA used in the UK guidelines, such as age and stiffness. However, 
further subdefinitions may also be useful, given that foot OA is 
known to cluster in the first MTP and midfoot joints (talonavicu-
lar, navicular- cuneiform, and cuneiform- metatarsal) (12), with evi-
dence that these phenotypes have distinct risk factors (12), clinical 
presentations (13,14), and prognoses (15).

Osteoarthritis of the first MTP joint is characterized by local-
ized pain, stiffness, and reduced range of motion (13). Joint 
deformity may arise in advanced cases, with bony enlarge-
ment, dorsal osteophytes (a dorsal “bump”), and interphalangeal 
joint hyperextension being among the common clinical findings 
(13,16). Associated findings include plantar hyperkeratoses on 
the interphalangeal joint or lesser MTP joint heads and degen-
erative changes of the sesamoids and flexor tendons (16). Diag-
nostic criteria have been successfully developed for radiographic 
OA of the first MTP joint, whereby a clinical model including the 
presence of longstanding pain and clinical signs, such as a palpa-
ble dorsal joint osteophyte, crepitus, hard end- feel, and restricted 
range of motion, have good diagnostic accuracy (sensitivity 88%, 
specificity 77%) (13). While this may provide a basis for a clinical 
definition of first MTP joint OA, further testing and refinement in 
larger cohorts including a wider spectrum of patients and diag-
noses will enhance the utility of a clinical definition, particularly for 
settings such as primary and allied health care. However, such 
an undertaking will require a significant amount of research time, 
personnel, and funding.

The clinical presentation of midfoot OA includes persis-
tent midfoot pain (often on the dorsal aspect) localized to the 
tarsometatarsal, navicular cuneiform, talonavicular, and/or calcane-
ocuboid joints. Pain is aggravated by weight- bearing activity and, 
in severe cases, triggered by pressure from footwear (17). Midfoot 
OA is the most disabling form of foot OA, affecting the ability to 
walk, stand for prolonged periods, and perform daily activities (12). 

Although midfoot and first MTP joint OA share some similarities, 
establishing a clinical definition for midfoot OA is more problematic 
compared to first MTP joint OA. The midfoot joints are in close 
proximity, making them more challenging to isolate and grade for 
features such as tenderness, stiffness, and deformity. The complex 
(and at times variable) anatomy also can lead to multiple potential 
differential diagnoses, and there is a lack of specific and validated 
clinical tests for assessing the midfoot joints. Brief clinical assess-
ments involving measures of foot posture, range of motion, and 
palpation have been shown to perform poorly in identifying pain-
ful midfoot OA compared to midfoot pain alone (14). The devel-
opment of more detailed and specific tests for the midfoot joints  
presents an opportunity to determine whether distinguishing  
midfoot OA from other painful foot disorders can be achieved.

In summary, there has been significant progress in under-
standing the symptoms that typically characterize foot OA. 
Combining this knowledge with the substantial body of clinical 
OA research from other joints means that a clinical definition of 
foot OA is possible, albeit it will require a significant amount of 
research effort and collaboration going forward. A clinical defi-
nition will help to advance the field, ensuring that clinicians and 
researchers can develop and implement best- practice clinical 
care for patients. While we may not be at the beginning of foot 
OA research, we have the perfect opportunity to begin work 
toward a clinical definition of foot OA that will ultimately provide 
the wisdom necessary to understand and manage this under- 
researched disease.
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Comparison of the 2019 European Alliance of Associations 
for Rheumatology/American College of Rheumatology 
Systemic Lupus Erythematosus Classification Criteria 
With Two Sets of Earlier Systemic Lupus Erythematosus 
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Objective. The Systemic Lupus International Collaborating Clinics (SLICC) 2012 systemic lupus erythematosus 
(SLE) classification criteria and the revised American College of Rheumatology (ACR) 1997 criteria are list based, 
counting each SLE manifestation equally. We derived a classification rule based on giving variable weights to the 
SLICC criteria and compared its performance to the revised ACR 1997, the unweighted SLICC 2012, and the newly 
reported European Alliance of Associations for Rheumatology (EULAR)/ACR 2019 criteria sets.

Methods. The physician- rated patient scenarios used to develop the SLICC 2012 classification criteria were 
reemployed to devise a new weighted classification rule using multiple linear regression. The performance of the rule 
was evaluated on an independent set of expert- diagnosed patient scenarios and compared to the performance of the 
previously reported classification rules.

Results. The weighted SLICC criteria and the EULAR/ACR 2019 criteria had less sensitivity but better specificity 
compared to the list- based revised ACR 1997 and SLICC 2012 classification criteria. There were no statistically 
significant differences between any pair of rules with respect to overall agreement with the physician diagnosis.

Conclusion. The 2 new weighted classification rules did not perform better than the existing list- based rules 
in terms of overall agreement on a data set originally generated to assess the SLICC criteria. Given the added 
complexity of summing weights, researchers may prefer the unweighted SLICC criteria. However, the performance 
of a classification rule will always depend on the populations from which the cases and non- cases are derived and 
whether the goal is to prioritize sensitivity or specificity.

INTRODUCTION

The Systemic Lupus International Collaborating Clinics 
(SLICC) classification criteria for SLE were derived from a set 
of 702 expert- rated patient scenarios (1). Recursive partitioning 
was used to derive an initial rule that was simplified and refined 

based on SLICC physician consensus. The SLICC group then 
validated the classification criteria on a new validation sample 
of 690 expert- rated patient scenarios (1). In previous validation 
work, the SLICC 2012 systemic lupus erythematosus (SLE) clas-
sification criteria (1) were more sensitive than the American Col-
lege of Rheumatology (ACR) 1997 revised criteria (2,3) but less 
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specific. Subsequent studies in other cohorts confirmed these 
conclusions (4– 6).

The 1997 ACR revised criteria and the SLICC 2012 criteria 
counted each SLE manifestation equally with 1 exception: the 
SLICC criteria counted lupus nephritis by biopsy as a standalone 
sufficient for classification. However, when physicians evaluate a 
patient for SLE, they may give greater weight to some nonrenal 
criteria over other nonrenal criteria. Therefore, we hypothesized 
that a classification score that gave greater weight to some non-
renal criteria than to others might have greater agreement with 
physician diagnosis. Therefore, our objective was to derive and 
test a classification rule that differentially weighted the variables 
used in the SLICC classification rule. We then compared this 
rule to the European Alliance of Associations for Rheumatology 
(EULAR)/ACR 2019 classification rule (7) that used a weighted 
approach. We also compared the revised ACR 1997 and the 
original SLICC classification rule to the new EULAR/ACR 2019 
classification rule.

PATIENTS AND METHODS

The physician- rated patient scenarios used to develop 
the  SLICC 2012 classification criteria (the training set) were 

reemployed to devise a weighted classification rule (1). Briefly,  
these were based on patients with a clinical diagnosis of SLE  
(n = 293) or non- SLE (n = 423: rheumatoid arthritis [RA; n = 119],  
myositis n = [55], chronic cutaneous lupus erythematosus [n = 50], 
undifferentiated connective tissue disease [n = 44], vasculitis 
[n = 37], primary antiphospholipid syndrome [n = 33], scleroderma 
[n = 28], fibromyalgia [n = 25], Sjögren’s syndrome [n = 15], rosa-
cea [n = 8], psoriasis [n = 7], sarcoidosis [n = 1], and juvenile 
inflammatory arthritis [n = 1]).

These patient scenarios were then classified as either SLE or 
non- SLE based on ratings by 32 SLICC rheumatologists. Based 
on these scenarios and ratings, the SLICC group developed the 
SLICC 2012 classification criteria.

To derive the new weighted SLICC classification rule, a multi-
ple linear regression model was fit to these data using the SLICC 
2012 criteria variables as predictors and the binary outcome (phy-
sician classification of SLE, the gold standard) as the outcome. To 
generate the weights for each criterion, we then multiplied each 
criterion’s coefficient by 100 and rounded to the nearest integer. 
The direct Coombs criterion was not included in the weighted 
score because its weight was very small. The weights for the 
remaining SLICC 2012 manifestations and for the EULAR/ACR 
2019 manifestations are shown in Table 1 (7).

A cutoff for classification was chosen as the score that max-
imized the sum of sensitivity and specificity of the new weighted 
criteria with physician diagnosis. We evaluated the performance of 
these weighted SLICC criteria on the independent validation set of 
patient scenarios collected by SLICC investigators to validate the 
SLICC 2012 classification rule. These patient scenarios were col-
lected and rated in a similar manner to those used in the derivation 
step. As in the training set, there were SLE (n = 337) and non- SLE 
scenarios (n = 353: RA [n = 118], undifferentiated connective tis-
sue disease [n = 89], primary antiphospholipid antibody syndrome 
[n = 30], vasculitis [n = 29], chronic cutaneous lupus [n = 24], sclero-
derma [n = 20], Sjögren’s syndrome [n = 15], myositis [n = 14], 

SIGNIFICANCE & INNOVATIONS
• In an independent, multinational cohort, the Euro-

pean Alliance of Associations for Rheumatology/
American College of Rheumatology (ACR) 2019 clas-
sification criteria did not perform significantly better 
than the ACR 1997 and Systemic Lupus Internation-
al Collaborating Clinics 2012 classification criteria.

• The performance of classification rules depends
on the populations from which the cases and non- 
cases are derived.
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psoriasis [n = 8], fibromyalgia [n = 4], alopecia areata [n = 1], and 
sarcoidosis [n = 1]). We then compared the performance of the 
newly derived weighted rule to the performance of the revised 
ACR 1997 criteria, the previous SLICC 2012 criteria, and the new 
EULAR/ACR 2019 criteria. In classifying patients based on the 
EULAR/ACR criteria, we did not include fever because that var-
iable was not in our data set. In addition, because we did not have 
information about biopsy class, all those with lupus nephritis were 
given the maximum number of lupus nephritis points in computing 
the EULAR/ACR 2019 score. To address the issue of the omission 
of antinuclear antibody (ANA)– negative lupus from the EULAR/
ACR 2019 criteria, we did an additional subset analysis omitting 
the ANA- negative SLE and disease controls.

All patients gave informed written consent to participate in the 
study. The study was approved by the Johns Hopkins University 

School of Medicine Institutional Review Board and complied with 
the Helsinki Declaration.

RESULTS

A new modification of the SLICC 2012 criteria, assigning a 
weight to each criterion, was developed. The weights derived 
for each criterion are shown in Table 1, and are juxtaposed to 
the weights in the EULAR/ACR 2019 criteria. The weights for the 
SLICC criteria were derived by statistical modeling and did not 
reflect physician judgment.

Using physicians’ diagnosis as the gold standard, we deter-
mined that sensitivity and specificity were optimized when patients 
were classified as having SLE if they had lupus nephritis and/or if 
on the new weighted criteria they achieved ≥56 points with at 
least 1 clinical component and 1 immunologic component.

Table 2 shows the performance of the 4 classification rules. 
As can be seen, the highest sensitivity was achieved by the SLICC 
2012 criteria, whereas the revised ACR 1997 criteria had the high-
est specificity. The new weighted SLICC criteria and the EULAR/
ACR 2019 classification criteria had intermediate specificity and 
sensitivity. All 4 sets of criteria had similar overall agreement with the 
physician diagnosis without statistically significant differences (at 
the 0.05 level) between any pair of rules. Table 3 shows the addi-
tional analysis omitting ANA- negative SLE and disease controls 
from the SLICC data set. In general, the sensitivities were similar to 
those in Table 2, but the specificities were better. There was signif-
icantly better performance of the SLICC criteria than the weighted 
SLICC criteria (P = 0.0065) or the revised ACR criteria (P = 0.035).

DISCUSSION

The existence of the SLICC patient scenarios gave us a 
unique opportunity to study the performance of the new EULAR/
ACR 2019 classification criteria and determine whether weight-
ing criteria made a difference. First, the EULAR/ACR 2019 criteria 
were reported to be more sensitive/specific than the SLICC 2012 
criteria in the EULAR/ACR validation phase (7). There was no 
difference in our current study in overall agreement between the 
revised ACR 1997, the SLICC 2012, or the EULAR/ACR 2019 cri-
teria. The performance obviously depends on the controls or non- 
SLE comparison cases. In the case of the SLICC data set, most 
of the non- SLE cases were patients with autoimmune diseases 
in which a positive ANA 1:80 (the entry criterion for EULAR/ACR 
2019 criteria) would be common.

Second, weighting did not improve the performance of the 
SLICC 2012 criteria. The weighted SLICC classification rules 
did not perform better than the existing list- based SLICC rules 
in terms of overall agreement. In particular, the original SLICC 
classification criteria already heavily weighted lupus nephritis as a 
stand- alone criterion. Therefore, we do not recommend use of the 
weighted SLICC criteria.

Table 1. Weighting factors for manifestations scored in the 2012 
Systemic Lupus International Collaborating Clinics (SLICC) criteria 
and the 2019 European Alliance of Associations for Rheumatology 
(EULAR)/American College of Rheumatology (ACR) criteria (ref. 7)*

Manifestation

2012 SLICC  
weighting 

factors
EULAR/ACR weighting 

factors
Acute cutaneous 26 Maximum score of 

either: 6 (acute 
cutaneous); 4 
(subacute cutaneous); 
4 (discoid lupus); 2 (oral 
ulcers); or 2 (alopecia)

Chronic cutaneous 12
Oral ulcers 16
Alopecia 9

Arthritis 9 6 (arthritis)
Serositis 16 Maximum score of either 

6 (acute pericarditis) or 
5 (effusion)

Renal without 
biopsy

9 Maximum score of 
either: 10 (class III/IV 
nephritis); 8 (class II/V 
nephritis); or 4 
(proteinuria ≥0.5 gm/
day)

Renal with biopsy Automatically 
classified

Neurologic 9 Maximum score of 
either: 5 (seizures); 3 
(psychosis); or 2 
(delirium)

Hemolytic anemia 1 Maximum score of 
either: 4 (autoimmune 
hemolysis); 4 
(thrombocytopenia); or 
3 (leukopenia)

Leukopenia or 
lymphopenia

14

Thrombocytopenia 15

ANA 17 Prerequisite 1:80
Anti- dsDNA 19 6 (anti- Sm) or 6 

(anti- dsDNA)Anti- Sm 16
Antiphospholipid 

antibodies
8 2 (antiphospholipid 

antibodies)
Low complement 11 Maximum score of either 

4 (low C3 and C4) or 3 
(low C3 or C4)

Fever 2 (fever)
* To satisfy the weighted SLICC criteria, the patient had to have either 
biopsy- proven lupus nephritis, or a score of ≥56 with both clinical 
and immunologic manifestations. To satisfy the EULAR/ACR criteria, 
the patient had to be positive for antinuclear antibody (ANA), have 
a total score of ≥10, and have at least 1 clinical manifestation. Anti- 
dsDNA = anti– double- stranded DNA. 
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Third, for some manifestations, the relative weights used in 
the weighted SLICC classification rule differed strikingly from the 
weights in the EULAR/ACR 2019 criteria. For example, in com-
puting the weighted SLICC rule, oral ulcers were assigned a sub-
stantially higher weight than arthritis, whereas in the EULAR/ACR 
2019 criteria this was not the case. This highlights the different 
approaches used to generate the weights. The SLICC weights 
were generated by a statistical analysis based on a set of SLE 
and non- SLE patient scenarios, whereas the weights for EULAR/
ACR 2019 criteria were largely derived based on expert opin-
ion. This also highlights the importance of the populations used 
to generate the validation data sets. The control group in the 
SLICC validation set consisted of patients with other rheumatic 
diseases. Many of these control patients also had arthritis, so 
the importance of arthritis for distinguishing SLE patients was 
attenuated. However, fewer of the non- SLE patients had oral 
ulcers, so the importance for distinguishing SLE from non- SLE 
was increased.

Fourth, 1 essential difference in the SLICC patient scenar-
ios was that all cases and controls had the same autoantibody 
assays done in a central laboratory, such that there were almost 
no missing data. For example, in clinical practice, patients with 
RA might not have complement checked, or SLE patients might 
not have IgA anticardiolipin or IgA anti– β- 2 glycoprotein checked, 
if the local laboratory was unable to perform the assay. If missing 
data were counted as negative, the EULAR/ACR criteria might 
appear to have better discrimination.

Fifth, the original SLICC 2012 criteria and the weighted 
SLICC 2012 criteria allowed for ANA- negative SLE. In our analysis 
that omitted ANA- negative SLE and disease controls, the SLICC 

2012 criteria had a higher kappa than the other criteria. Given 
assay variability and the existence of true ANA- negative SLE (8), 
questions have been raised over whether ANA positivity should be 
employed to determine eligibility for clinical trials (9). In particular, 
ANA- negative lupus can include lupus nephritis (biopsy proven), 
which would always be classified as SLE using the SLICC 2012 
criteria (10,11).

Sixth, we compared the various classification rules to the set 
of patient scenarios originally generated to validate the SLICC rule. 
One caveat is that this set was gathered and rated by the same 
investigators who originally generated the SLICC classification cri-
teria. Thus, while statistically independent of the data used to gen-
erate the SLICC rule, some of the same opinions may have been 
driving the ratings of both the training and validation set. This is 
both a limitation (in comparing original SLICC to weighted SLICC) 
but also a potential strength in comparing the EULAR/ACR 2019 
criteria to the SLICC 2012 criteria.

Seventh, while the overall performance of the 4 classification 
rules did not differ significantly, components of agreement (sen-
sitivity and specificity) differed by as much as 10– 14 percentage 
points in some comparisons. Thus, the choice of a classification 
rule might depend on whether the researcher wanted to cast a 
wider net or to reduce the risk of false positives. It should also 
be noted that for any score, the tradeoff between sensitivity and 
specificity can be altered by choosing a different cutoff.

In conclusion, we modified the SLICC 2012 classification cri-
teria for SLE by including weighting and compared these modi-
fied criteria with the established criteria and with the (weighted) 
EULAR/ACR 2019 criteria. All 4 sets of criteria performed well 
when using the physicians’ diagnosis as the reference without 

Table 3. Sensitivity and specificity of 4 different systemic lupus erythematosus (SLE) classification rules, omitting antinuclear antibody– negative 
SLE and disease controls from the Systemic Lupus International Collaborating Clinics (SLICC) data set*

Classification rule

Sensitivity 
(n = 341)

Specificity 
(n = 197)

Overall agreement 
(n = 538)

Kappa  
(chance- adjusted agreement)No. (%) 95% CI No. (%) 95% CI No. (%) 95% CI

Revised ACR 1997 284 (83) 79– 87 184 (93) 90– 97 468 (87) 84– 90 0.73
SLICC 2012 334 (98) 96– 99 154 (78) 72– 84 488 (91) 88– 93 0.79
EULAR/ACR 2019 317 (93) 90– 96 158 (80) 75– 86 475 (88) 86– 91 0.74
Weighted SLICC 2012 306 (90) 86– 93 162 (82) 77– 88 468 (87) 84– 91 0.72

* 95% CI = 95% confidence interval; ACR = American College of Rheumatology; EULAR = European Alliance of Associations for Rheumatology.

Table 2. Sensitivity and specificity of 4 different systemic lupus erythematosus classification rules based on physician diagnoses of patient 
scenarios*

Classification rule

Sensitivity 
(n = 349)

Specificity 
(n = 341)

Overall agreement 
(n = 690)

Kappa  
(chance- adjusted agreement)No. (%) 95% CI No. (%) 95% CI No. (%) 95% CI

Revised ACR 1997 290 (83) 79– 87 326 (96) 93– 98 616 (89) 87– 92 0.79
SLICC 2012 340 (97) 96– 99 288 (84) 81– 88 628 (91) 89– 93 0.82
EULAR/ACR 2019 317 (91) 88– 94 302 (89) 85– 92 619 (90) 87– 92 0.79
Weighted SLICC 2012 310 (89) 86– 92 304 (89) 86– 92 614 (89) 87– 91 0.78

* 95% CI = 95% confidence interval; ACR = American College of Rheumatology; EULAR = European Alliance of Associations for Rheumatology;
SLICC = Systemic Lupus International Collaborating Clinics. 
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statistically significant or clinically convincing differences. How-
ever, the performance of these rules may vary in different popu-
lations or with different choices of control patients. We therefore 
recommend any of these criteria for SLE classification purposes.
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Avoidable Acute Care Use for Vaccine- Preventable Illnesses 
Among Medicaid Beneficiaries With Lupus
Candace H. Feldman,  Chang Xu, and Karen H. Costenbader

Objective. Nearly 25% of patients with systemic lupus erythematosus (SLE) are hospitalized yearly, often for 
outcomes that may have been avoided if patients had received sustained outpatient care. We examined acute care 
use for vaccine- preventable illnesses to determine sociodemographic contributors and modifiable predictors.

Methods. Using US Medicaid claims from 29 states (2000– 2010), we identified adults (18– 65 years) with prevalent 
SLE and 12 months of enrollment prior to the first SLE code (index date) to identify baseline data. We defined 
acute care use for vaccine- preventable illnesses as emergency department (ED) or hospital discharge diagnoses 
for influenza, pneumococcal disease, meningococcal disease, herpes zoster, high- grade cervical dysplasia/cervical 
cancer, and hepatitis B after the index date. We estimated the incidence rate of vaccine- preventable illnesses and 
used Cox regression to assess risk (with hazard ratios and 95% confidence intervals) by sociodemographic factors 
and health care utilization, adjusting for vaccinations, comorbidities, and medications.

Results. Among 45,654 Medicaid beneficiaries with SLE, <10% had billing claims for vaccinations. There were 
1,290 patients with ≥1 ED visit or hospitalization for a vaccine- preventable illness (6.6 per 1,000 person- years); 93% 
of events occurred in unvaccinated patients. Patients who were Black compared to White had 22% higher risk. 
Greater outpatient visits were associated with lower risk.

Conclusion. Medicaid beneficiaries with SLE who are not vaccinated are at risk for potentially avoidable acute 
care use for vaccine- preventable illnesses. Racial disparities were noted, with a higher risk among Black patients 
compared to White patients. Greater outpatient use was associated with reduced risk, suggesting that access to 
ambulatory care may reduce avoidable acute care use.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic, autoim-
mune disease that places patients at increased risk for adverse 
outcomes including serious infections, end- stage renal disease, 
cardiovascular disease, and cerebrovascular disease. Almost 
one- fourth of patients with SLE are hospitalized each year in the 
US, and readmission rates are sixth among all chronic medical 
conditions resulting in high health care costs (1). Nearly 20 years 
ago, the US Agency for Healthcare Research and Quality defined 
a set of general conditions that are considered to be ambulatory 
care– sensitive and may result in avoidable, costly acute care 
use (hospitalizations and emergency department [ED] visits) (2). 
Recently, this set of conditions was updated and tailored to SLE. 

The goal was to define a set of adverse outcomes for which 
high- quality, sustained, outpatient rheumatologic care could pre-
vent the need for acute care use or for which early intervention 
could minimize complications (3). Vaccine- preventable illnesses, 
including influenza, pneumococcal disease, herpes zoster, hepati-
tis B, high- grade cervical dysplasia/cervical cancer, and meningo-
coccal disease, were included as key ambulatory care– sensitive 
conditions.

Prior studies among individuals with SLE have demonstrated 
high rates of serious infection and substantial associated mortality 
(4). Rates of hospitalization for herpes zoster in this population are 
especially high and may be rising (5). In addition, individuals with 
SLE and other systemic rheumatic diseases may be at higher risk 
for high- grade cervical dysplasia and cervical cancer compared 
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to the general population, which may be in part related to per-
sistence of human papillomavirus infection. In general, vaccina-
tions for these conditions have been found to be both safe and 
efficacious among individuals with SLE. While decreased immu-
nogenicity has been suggested at times in the setting of immu-
nosuppressant use, in most cases, the vaccines still appear to be 
efficacious (6). Despite this, influenza, pneumococcal, and human 
papillomavirus vaccination rates among individuals with systemic 
rheumatic diseases remain suboptimal (7– 9).

In this study, we investigated rates of potentially avoidable 
acute care use for vaccine- preventable illnesses among individ-
uals enrolled in Medicaid, the largest US public health insurance 
for low- income individuals. We hypothesized that there may be 
disparities by race/ethnicity in these adverse outcomes that could 
be mitigated by improved access to preventive care services 
including vaccinations. We also hypothesized that regular ambu-
latory care use would be associated with reduced risk.

PATIENTS AND METHODS

Study population. We used the Medicaid Analytic eXtract 
(MAX), which includes demographic information, administrative 
billing claims, and drug dispensing data for Medicaid beneficia-
ries. We included individuals ages 18– 65 years with prevalent 
SLE, defined as ≥3 International Classification of Diseases, Ninth 
Revision (ICD- 9) codes of 710.0, separated by ≥30 days, from 
29 states between 2000 and 2010 (10). Individuals >65 years of 
age were excluded because of likely dual enrollment in Medicare 
and the possibility of missing claims in MAX. We required at least 
12 months of continuous enrollment in Medicaid prior to the third 
SLE ICD- 9 code and defined the date of the third code as the 
index date. We excluded individuals with billing codes during the 
12 months prior to the index date (baseline period) for HIV/AIDS, 

hysterectomy, bone marrow or organ transplant, malignancy, hep-
atitis B infection, or cervical dysplasia.

Outcome of interest. Our primary outcome of interest 
was discharge diagnosis codes in the first or second position 
from acute care use (hospitalizations or ED visits) for vaccine- 
preventable illnesses. We defined these using ICD- 9 codes for 
influenza, pneumococcal disease, herpes zoster, hepatitis B, 
high- grade cervical dysplasia/cervical cancer, and meningococ-
cal disease (see Supplementary Appendix A, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24628/ abstract for codes used). We examined 
this as a composite outcome for all women and removed high- 
grade cervical dysplasia/cervical cancer from the composite out-
come for the full cohort. We assessed our outcome beginning the 
day after the index date.

Baseline vaccine uptake and covariates. We assessed 
vaccine uptake during the 12 months prior to and including the 
index date. We defined this as ≥1 billing claim for influenza, var-
icella zoster, pneumococcal, hepatitis B, human papillomavirus 
(HPV), or Neisseria meningitidis vaccine. We extracted baseline 
demographic factors from the index date including age, sex, race/
ethnicity (Black, Asian, Hispanic, American Indian/Alaska Native, 
and >1 race), and geographic region (North, South, Midwest, 
West). During the 12 months prior to and including the index date, 
we assessed lupus nephritis using a previously validated algorithm 
and the SLE risk adjustment index, which has been shown to be a 
better predictor of in- hospital mortality than the Charlson comor-
bidity index (11). We included baseline period ever/never med-
ication use, including glucocorticoids, hydroxychloroquine, and 
immunosuppressive medications, as well as number of medi-
cations, on the index date. We also determined health care uti-
lization (number of outpatient and ED visits and hospitalizations, 
and number of SLE- related laboratory tests) during the baseline 
period. For women, we also included procedure codes for ≥1 
Papanicolaou (Pap) cervical cancer screening test.

Statistical analysis. We first examined vaccine uptake 
during the 12- month baseline period. We then examined the inci-
dence rate (IR) and 95% confidence interval (95% CI) for our com-
posite outcome (acute care use for vaccine- preventable illnesses) 
as well as for each individual vaccine- preventable condition. We 
stratified the IR by age <50 years or ≥50 years for herpes zoster 
given the availability of the vaccine for individuals ≥50 years of 
age but the potential risk for infection across all age groups. We 
included all infections separated by ≥30 days to avoid counting 
readmissions for the same infection. Outcomes were assessed 
beginning the day following the index date until individuals were 
censored at disenrollment, death, or end of the study period 
(2010). We then examined the proportion of illnesses occurring 
among individuals who did not have billing claims for vaccinations 

SIGNIFICANCE & INNOVATIONS
• In this vulnerable population of patients with sys-

temic lupus erythematosus, we observed low rates 
of vaccination claims (influenza 7.2% per year and 
other vaccines <3% per year) and avoidable acute 
care use for vaccine- preventable illnesses that pre-
dominately occurred among individuals without 
claims for vaccinations.

• Sociodemographic factors, specifically Black race 
and residence in the South or Midwest, were as-
sociated with higher rates of acute care use for 
vaccine- preventable illnesses.

• Greater outpatient use was associated with signif-
icantly reduced risk of acute care use for vaccine- 
preventable illnesses, suggesting that engagement 
in sustained, high- quality care may minimize avoid-
able adverse outcomes and costly health care utili-
zation patterns.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24628/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24628/abstract
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during the baseline period. For influenza, we conducted an addi-
tional analysis in which we updated vaccine billing codes yearly. 
For herpes zoster vaccine uptake, we restricted our population to 
≥50 years of age at the index date to ensure that individuals were 
eligible for vaccination. This included only the live attenuated vac-
cine, and not the recombinant vaccine, as approval of the latter 
occurred following the dates of this study. For HPV vaccination, 
the first vaccine was approved in 2006 for individuals ≤26 years of 
age. We therefore restricted this eligible population to females ≤27 
years of age at the index date between 2006 and 2010. We then 
used Cox proportional hazards models to assess risk (hazard ratio 
[HR] and 95% CI) of first acute care visit for a vaccine- preventable 
illness by baseline demographics and health care use, adjusting 
for calendar year, baseline vaccinations, SLE- related comorbidi-
ties, and medications. For our models in the female- only cohort, 
we included cervical dysplasia/cervical cancer in our composite 
outcome and Pap test billing claims as a covariate. We also exam-
ined yearly trends in overall acute care use for vaccine- preventable 
illnesses. All analyses were conducted using SAS, version 9.4. 
This study was approved by the Brigham and Women’s Hospi-
tal Institutional Review Board, and data were obtained from the 
Centers for Medicare and Medicaid Services through a Data Use 
Agreement; per the agreement, cell sizes <11 are suppressed.

RESULTS

We identified 45,654 individuals with prevalent SLE. 
The mean ± SD age was 41 ± 12 years, 93% were female, and 
the mean ± SD follow- up time was 4 ± 3 years. Forty percent of 
individuals were Black, 38% White, 16% Hispanic, 3% Asian, 1% 
American Indian/Alaska Native, and 3% >1 race. Twenty percent 
resided in the Midwest, 21% the Northeast, 38% the South, and 
21% the West.

During the 12- month baseline period, 3,288  individuals 
(7.2%) received ≥1 influenza vaccine, 542 (1.2%) received pneu-
mococcal vaccine, 285 (0.6%) received hepatitis B vaccine, and 
17 (0.04%) received meningococcal vaccine. Of the 10,698 indi-
viduals eligible for the herpes zoster vaccine (age ≥51 years at the 
index date), 237 (2.2%) received it, and of the 6,717 individuals 
eligible for the HPV vaccine (age ≤27 years at the index date), 75 
(1.1%) received it.

Beginning at the index date, during the follow- up period, we 
identified 1,290 individuals with ≥1 instance of acute care use for a 
vaccine- preventable illness (IR 6.6 per 1,000 person- years). There 
were 61 individuals who had >1 vaccine- preventable illness (60 
patients with 2 and 1 patient with 3), and 1,352 ED visits and 
hospitalizations among the 1,290 individuals. IRs for specific 
vaccine- preventable illness are shown in Table 1. For each, ≥90% 
occurred among individuals without documentation of the respec-
tive vaccination during the baseline period. For influenza, 95% 
occurred among individuals without vaccination during the base-
line period; 92% when updated to include yearly vaccinations. For 
herpes zoster, 386 cases (IR 2.5 [95% 2.3– 2.8]) occurred among 
individuals <50 years of age, and 90 cases (IR 1.9 [95% CI 1.5– 
2.5]) occurred among individuals ≥50 years of age; 97% of cases 
in both age groups were among those unvaccinated.

Results from multivariable- adjusted Cox proportional haz-
ards models were similar for the full cohort, with the composite 
outcome excluding high- grade cervical dysplasia/cervical cancer, 
and the female- only model including it (Table 2). We found a higher 
risk of acute care use for vaccine- preventable illness among indi-
viduals who were Black (HR 1.22 [95% CI 1.06– 1.39]) compared 
to White. There was a higher risk in the South and Midwest com-
pared to the Northeast. Individuals with more outpatient visits had 
a lower risk of acute care use for vaccine- preventable illnesses in 
a dose- dependent relationship; HR 0.74 (95% CI 0.61– 0.91) for 

Table 1. Incidence rates (IRs) of acute care use for vaccine- preventable illnesses among Medicaid beneficiaries with prevalent 
systemic lupus erythematosus (SLE) (n = 45,654)*

No. of 
patients

Person- 
years

IR per 1,000  
person- years  

(95% CI)

% of total events occurring 
among unvaccinated 

patients†
Composite of vaccine- preventable 

illnesses‡
1,290 196,171 6.6 (6.2– 6.9) 93

Herpes zoster 476§ 199,434 2.4 (2.2– 2.6) 97
Influenza 397 199,725 2.0 (1.8– 2.2) 95¶
Pneumococcal disease 310 200,351 1.5 (1.4– 1.7) NR
Hepatitis B 86 201,241 0.4 (0.3– 0.5) 100
High- grade cervical dysplasia/

cervical cancer
58 190,309 0.3 (0.2– 0.4) 100

Meningococcal disease 25 201,434 0.1 (0.1– 0.2) 100
* Acute care use includes emergency department (ED) visits or hospitalizations. NR = cell sizes >0 and <11 are not reported; percentage 
of events among patients who received pneumococcal vaccine is <11. 
† Vaccine claims during the 12- month baseline period. 
‡ A total of 61 SLE patients had >1 vaccine- preventable illness but were included once in the composite measure; there were 1,352 
ED visits or hospitalizations among 1,290 patients. 
§ A total of 386 cases occurred in individuals <50 years of age, with an IR of 2.5 (95% confidence interval [95% CI] 2.3–2.8), and 90 cases 
in individuals age ≥50 years (IR 1.9 [95% CI 1.6– 2.4]). In both groups, 97% of cases were among those unvaccinated. 
¶ Updating influenza vaccine yearly, 92% had events without vaccine claims in the preceding vaccination season. 
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6– 10 visits compared to none, and HR 0.67 (95% CI 0.55– 0.82) 
for >10 visits compare to none. Prior hospitalization and more ED 
visits were associated with significantly higher risk. Lupus nephri-
tis was associated with 27% higher risk (P = 0.009), and gluco-
corticoid use with 23% higher risk (P = 0.002). Over the study 
period, examination of yearly IRs for acute care use for vaccine- 
preventable illnesses demonstrated decreased rates from 2001 to 
2010, with a peak in 2003, which is in line with national estimates 

due to a more severe influenza season with predominate influenza 
A (H3N2) (Figure 1).

DISCUSSION

In this population- based cohort of Medicaid beneficiaries 
with SLE, we identified low rates of billing claims for vaccinations 
and a significant burden of potentially avoidable hospitalizations 

Figure 1. Trends in incidence rates of acute care use for vaccine- preventable illnesses. SLE = systemic lupus erythematosus.

Table 2. Multivariable Cox regression model for first episode of acute care use for vaccine- preventable 
illnesses by demographic factors and baseline health care utilization among Medicaid beneficiaries with 
prevalent systemic lupus erythematosus (SLE)*

Variables
Full model  

(n = 45,654)
Female- only model 

(n = 42,606)
Age category (ref. = 51– 65 years)

18– 34 years 1.10 (0.93– 1.31) 1.13 (0.95– 1.34)
35– 50 years 1.06 (0.91– 1.25) 1.08 (0.92– 1.27)

Male (ref. = female) 0.98 (0.77– 1.26) – 
Race/ethnicity (ref. = White)

Black 1.22 (1.06– 1.39)† 1.21 (1.06– 1.39)†
Asian 1.21 (0.83– 1.77) 1.19 (0.81– 1.74)
Hispanic 1.04 (0.87– 1.25) 1.00 (0.83– 1.20)
American Indian/Alaska Native 1.33 (0.81– 2.20) 1.30 (0.79– 2.16)
>1 race 1.40 (1.04– 1.87)† 1.23 (0.90– 1.67)

Geographic region (ref. = Northeast)
Midwest 1.28 (1.06– 1.54)† 1.27 (1.06– 1.53)†
South 1.31 (1.11– 1.54)† 1.22 (1.04– 1.44)†
West 1.22 (1.02– 1.47)† 1.19 (0.99– 1.43)

Outpatient visits (ref. = 0)
1– 5 visits 0.88 (0.73– 1.05) 0.87 (0.73– 1.04)
6– 10 visits 0.74 (0.61– 0.91)† 0.74 (0.60– 0.90)†
>10 visits 0.67 (0.55– 0.82)† 0.66 (0.53– 0.80)†

Hospitalization (ref. = 0) 1.52 (1.34– 1.72)† 1.52 (1.34– 1.72)†
Emergency department visits (ref. = 0)

1– 5 visits 1.71 (1.49– 1.96)† 1.73 (1.51– 1.99)†
>5 visits 3.05 (2.49– 3.74)† 3.02 (2.46– 3.70)†

* Values are the hazard ratio (95% confidence interval). Model also adjusted for calendar year, SLE risk 
adjustment index, number of medications at index date, medication use (glucocorticoids, immunosuppressants, 
hydroxychloroquine), and billing codes for vaccinations during the 12- month baseline period. Composite 
outcome includes influenza, pneumococcal disease, meningococcal disease, herpes zoster, and hepatitis B.  
Female- only model additionally includes the outcome of high- grade cervical dysplasia/cervical cancer and 
adjusts for baseline Pap test utilization. Ref. = reference. 
† Significant (P < 0.05). 
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and ED visits for vaccine- preventable illnesses among individu-
als without documented vaccinations. We observed higher risk of 
these potentially avoidable hospitalizations and ED visits among 
individuals who were Black compared to those who were White 
and among those living in the South or Midwest compared to the 
Northeast. More frequent outpatient visits were associated with 
lower risk, whereas more frequent acute care use at baseline was 
associated with a higher risk during follow- up.

We observed very few billing codes for vaccinations in this 
population. A number of prior studies have reported suboptimal 
rates of influenza, pneumococcal, herpes zoster, and HPV vaccine 
uptake among individuals with SLE and other systemic rheumatic 
diseases (7– 9,12). The percentages of vaccine uptake in this cohort 
were on the lower end of the spectrum, which ranges from 10– 
70% depending on whether a quality improvement intervention was 
conducted and how vaccine uptake was measured. The population 
included in this study was notably different from other studies. Prior 
studies that have similarly included Medicaid beneficiaries in their 
analyses have shown significantly lower vaccine uptake in this pop-
ulation and in general among individuals with lower socioeconomic 
status. Prior studies examining individuals with SLE enrolled in Med-
icaid have demonstrated significantly poorer quality of care in mul-
tiple domains (13). In addition, health care providers are frequently 
reimbursed amounts below vaccination provision costs for Medic-
aid beneficiaries, which may provide less incentive for providers and 
thus reduce vaccine access for low- income individuals (14). Vacci-
nation rates have also been shown to be higher among individu-
als receiving care at a dedicated SLE clinic compared to a general 
rheumatology clinic, and this population in particular has previously 
been shown to have more difficulty accessing subspecialty care 
(15). Low rates observed in this study may also be attributed to lack 
of provider recommendations, which has been previously shown 
to be the main reason behind lack of pneumococcal and influenza 
vaccination in a cohort of SLE patients (16). Low rates of the herpes 
zoster vaccine may also relate to issues of safety as it is a live vac-
cine that is not recommended in the setting of immunosuppression.

It is also possible the low rates we observed were at least in 
part due to underreporting for vaccinations that are less expensive 
or may have been administered at places of employment or as 
part of a local public health campaign, which would not be billed 
through insurance. We also only examined vaccine uptake during a 
12- month period, and it is possible that individuals may have been 
vaccinated previously. It is also possible that patients with incident 
SLE may have different patterns. However, we examined both a 
cohort of prevalent SLE patients with a 24- month baseline period 
(n = 36,248) and a cohort of patients with incident SLE (n = 10,906), 
and both yielded findings similar to our primary analyses (see 
Supplementary Tables 1 and 2, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24628/ abstract). The IRs of acute care use for vaccine- 
preventable illnesses were comparable between the incident and 
prevalent SLE populations. The IRs were slightly lower among 

prevalent SLE patients with a prolonged baseline period possibly 
because of survival bias among those continuously enrolled in 
Medicaid; however, the percentage occurring among unvaccinated 
patients was comparable to that of the primary analysis.

We observed a significant number of ED visits and hospital-
izations for vaccine- preventable illnesses among individuals who 
did not have documentation of vaccination during the baseline 
period. There was a higher risk among Black individuals com-
pared to White, which is in line with prior studies in this Medic-
aid SLE cohort that point to racial disparities in serious infection 
burden and in other adverse outcomes (4). This finding remained 
after accounting for SLE disease severity as well as medication 
use. Access to high- quality, subspecialty outpatient care and pre-
ventive services likely contributes significantly to this disparity. It is 
also possible that experiences of racial discrimination and provider 
implicit bias result in poorer access to vaccinations and, in turn, a 
higher burden of vaccine- preventable illnesses.

In a prior study, a higher number of outpatient physician vis-
its was associated with higher likelihood of receipt of preventive 
care (8). Here too, we found that more frequent outpatient visits 
were associated with lower risk of vaccine- preventable illnesses. 
More visits may be reflective of a sicker patient who requires more 
frequent follow- up, but it may also mean more opportunities for 
preventive care, including but not limited to vaccinations. Regional 
differences in quality of care have been demonstrated here as 
well as in prior studies in this population and may reflect issues 
of access or possibly state- specific practices regarding subspe-
cialty availability or preventive care use. We also identified similar 
if not slightly higher rates of herpes zoster among individuals <50 
years of age compared to those ≥50 years. The zoster vaccine is 
only approved for individuals ≥50 years of age, yet the high rates 
among younger individuals with SLE suggest a missed opportu-
nity for prevention.

While we did not have access to vaccine- preventable outcomes 
among non- SLE patients in this population, a previously published 
study examined the burden of vaccine- preventable illnesses from out-
patient, ED, and hospitalization claims among Medicaid beneficiar-
ies from 2000 to 2006 (17). The IR of all utilization among individuals 
ages 19– 64 years for influenza was 4.6 (95% CI 4.5– 4.6) per 1,000 
person- years, and for pneumococcal disease, 0.64 (95% CI 0.62– 
0.66) per 1,000 person years. For herpes zoster, among individuals 
50– 64 years of age in the general Medicaid population, the IR was 
3.8 (95% CI 3.7– 3.9) per 1,000 person- years. Trends over the time 
period in this general population suggest fluctuations in influenza, pla-
teauing of pneumococcal disease, and decreases in herpes zoster 
infections. To provide a comparison, when we examine estimates in 
this SLE population of Medicaid beneficiaries that include outpatient 
claims with ED visits and hospitalizations, the IRs for influenza, pneu-
mococcal disease, and herpes zoster were 8.7 (95% CI 8.3– 9.2),  
4.6 (95% CI 4.3– 4.9), and 8.6 (95% CI 8.2– 9.0) per 1,000 person- 
years, respectively. This suggests, as previously demonstrated (4), 
that infection risk is extremely high among Medicaid beneficiaries 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24628/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24628/abstract
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with SLE, further emphasizing the importance of prevention in this 
population.

This study has several strengths. We included a racially/ethni-
cally diverse population across the US to understand the burden of 
costly acute care use for potentially avoidable conditions. By iden-
tifying populations at higher risk, strategies could be developed 
to improve vaccine uptake and access to outpatient care among 
the most vulnerable. We also demonstrated that while acute care 
use for vaccine- preventable illnesses has declined between 2000 
and 2010, there are still a significant number of missed opportuni-
ties with this outcome occurring among unvaccinated individuals. 
This study also has limitations. As mentioned, vaccinations may 
be missed if patients paid out of pocket or were vaccinated out-
side of the baseline period window. There was also short fol-
low- up for HPV vaccination, and the dates of this study preceded 
the approval of the new zoster vaccine that can be administered 
in the setting of immunosuppressive medications. We also limited 
our analyses to vaccine- preventable illnesses; however, there are 
other infections (e.g., Pneumocystis jiroveci pneumonia) that may 
be preventable by other means. Data that would differentiate 
between primary care and subspecialty outpatient care utilization 
were not available in this Medicaid data set, limiting our ability 
to make inferences regarding where patients were receiving care. 
In addition, because of the small number of vaccinated individ-
uals and data- use restrictions, we are unable to present IRs of 
infections among those vaccinated versus unvaccinated. How-
ever, we demonstrate that the vast majority (>90%) of acute care 
use episodes for vaccine- preventable illnesses occurred among 
individuals without claims for vaccines.

In this study, we identified a significant burden of potentially 
avoidable acute care use for vaccine- preventable illnesses with 
disparities by race/ethnicity and differences by US region. While 
these preventable illnesses appeared to decrease over the study 
time period, these events present missed opportunities, particu-
larly in a population of individuals who have heightened vulnera-
bility to suboptimal care and adverse outcomes. Efforts should 
be made to ensure adequate provider reimbursement for vacci-
nations for Medicaid beneficiaries, and outreach and care coor-
dination programs should be implemented to improve access to 
preventive care (14). Health system– wide efforts are also needed 
to augment the quality of outpatient and preventive care to reduce 
the risk of avoidable outcomes and the associated costs of acute 
care use among vulnerable populations.
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Identifying a Response for the Systemic Lupus 
Erythematosus Disease Activity 2000 Glucocorticoid Index
Zahi Touma,  Dafna D. Gladman, Moe Zandy, Jiandong Su, Nicole Anderson, and Murray B. Urowitz

Objective. To compare the performance of the Systemic Lupus Erythematosus Disease Activity Index 2000 
(SLEDAI- 2K) and the SLEDAI- 2K Glucocorticoids (SLEDAI- 2KG) indices in identifying responders to standard of care 
therapy.

Methods. Data from adult patients seen between 1995 and 2018 at the University of Toronto Lupus Clinic were analyzed. 
Patients with active disease (SLEDAI- 2K score ≥6) and receiving prednisone ≥5 mg/day, and with a follow- up visit at 9 
months, were studied. Response to standard of care therapy at first follow- up visit was assessed using the SLEDAI- 2K 
and SLEDAI- 2KG. The performances of the SLEDAI- 2K and SLEDAI- 2KG were compared using a cutoff point of 4.

Results. In a cohort of 188, the majority of patients were female (86.0%) and White (47.9%). Of 188 patients, 145 
(77.1%) were responders and had a decrease in SLEDAI- 2K score of ≥4. The SLEDAI- 2KG identified 142 (97.9%) 
responders among the SLEDAI- 2K responders. More importantly, the SLEDAI- 2KG identified 11 (25.6%) additional 
responders among SLEDAI- 2K nonresponders (n = 43). This resulted from the ability of the SLEDAI- 2KG to account 
for the decrease in glucocorticoids dose.

Conclusion. The SLEDAI- 2KG provides a novel concept for the assessment of lupus disease activity while 
accounting for glucocorticoids dosage to reflect on disease activity overall at a particular visit. The SLEDAI- 2KG 
accounts for the disease activity for each descriptor while also accounting for the current glucocorticoids dosage. 
The SLEDAI- 2KG adds 1 additional variable (glucocorticoids dosage) to the SLEDAI- 2K, which could alter response 
rates in drug trials and observational studies.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune pro-
tean, multisystem complex disease characterized by remissions 
and exacerbation (1,2). The assessment of SLE disease activity is 
very challenging because of the multifaceted nature of the clinical 
presentations and the complexity of the findings and their vari-
ation over time. In 1998, Outcome Measures in Rheumatology 
(OMERACT) IV recommended that the assessment of patients 
with lupus should include the determination of 5 domains: 1) dis-
ease activity; 2) chronic damage resulting from lupus activity or 
its treatment; 3) adverse events of drugs; 4) health- related quality 
of life; and 5) economic impact (3,4). Monitoring each of these 

domains is challenging but essential for the management of 
patients with SLE (5).

Disease activity can be defined as a reversible state, mani-
fested by clinical, laboratory, or radiographic features that are attrib-
uted to SLE (1,2). The quantification and grading of disease activity 
in clinical practice or in research settings is essential for patient care 
and can be achieved with the application of valid disease activity 
instruments (6). These instruments enable clinicians, patients, and 
researchers to quantify and evaluate disease activity in a standard-
ized way (3,4,6,7). However, the application of these instruments 
presents several challenges: namely, the administrative burden of 
the instrument, including the time required to complete the instru-
ment, and the complexity of scoring, the mode of administration, 
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and the preparedness and skillfulness of the administrator (8,9). 
Furthermore, physicians’ assessment of disease activity in SLE is 
even more challenging because activity measures do not include 
therapies, especially different doses of glucocorticoids (GCs). All of 
these factors should be taken into consideration when choosing 
an instrument applicable in a particular setting (6,9).

Two groups of disease activity measures have been devel-
oped for the assessment of disease activity in lupus. Global indi-
ces such as the SLE Disease Activity Index (SLEDAI) (2) and its 
derivation, the SLEDAI 2000 (SLEDAI- 2K [7,10]), measure disease 
activity in 9 organ systems, include 24 descriptors, and generate a 
total score describing the overall burden of inflammatory disease, 
organ- specific indices (such as the British Isles Lupus Assess-
ment Group [BILAG] [11]) to describe disease activity within each 
organ system (12). The SLEDAI- 2K is one of the most commonly 
used instruments to assess disease activity in clinical practice 
and research (1,4,5,6,13– 16), but it does not account for severity 
within each descriptor or for GCs dosage (8,17). Currently, clinical 
trials often use composite indices that include both global (such 
as the SLEDAI- 2K) and organ- specific (such as the BILAG) indi-
ces (17– 22). GCs dosage is a significant factor to account for in 

both observational studies and the majority of clinical trials in SLE 
(23– 25).

We recently developed and validated a modification of the 
SLEDAI- 2K, the SLEDAI- 2K GCs Index (SLEDAI- 2KG), which 
describes disease activity while accounting for GCs dosage (17). 
(The SLEDAI-2KG is a licensed work of the University Health Net-
work. Permission for use of this instrument must be obtained from 
Zahi Touma, Dafna D. Gladman, or Murray B. Urowitz.) We aimed 
to compare the performance of the SLEDAI- 2K and SLEDAI- 2KG 
in identifying responders. We hypothesized that the SLEDAI- 2KG 
would influence the rate of patients classified as responders by the 
SLEDAI- 2K after accounting for the change in the dosage of GCs. 
In addition, by incorporating a new concept, “lupus status overall,” 
which accounts for disease activity and GCs dosage in the assess-
ment of disease activity, the SLEDAI- 2KG should enhance the abil-
ity to understand the nature of improvement in responders.

MATERIALS AND METHODS

Study design. This is a retrospective validation study of 
the SLEDAI- 2KG using the prospectively collected data from the 
Toronto Lupus Clinic database. Data from adult patients >18 
years of age seen between January 1995 and April 2018 were 
analyzed. The study included inception and prevalent patients 
with active disease (SLEDAI- 2K score ≥6) receiving prednisone 
≥5 mg/day and with follow- up visits at 9 months. Response to 
standard of care therapy at 9 months was assessed using the 
SLEDAI- 2K and SLEDAI- 2KG.

The standard protocol at each visit included a complete his-
tory, including demographics and therapy, physical examination, 
and laboratory evaluation. Patients attend the lupus clinic at inter-
vals of 2– 6 months regardless of the state of activity of their lupus. 
Disease activity is measured at each visit using the SLEDAI- 2K 
for a 30- day window (7,10). All items necessary to calculate SLE-
DAI- 2K and SLEDAI- 2KG scores were collected in the patient pro-
tocol. The collection, storage, and use of the clinical and laboratory 
data on the patients at the center are conducted in accordance 

SIGNIFICANCE & INNOVATIONS
• The Systemic Lupus Erythematosus Disease  Activity 

Index 2000 (SLEDAI-2K) Glucocorticoids Index 
(SLEDAI- 2KG) provides a novel concept for the as-
sessment of lupus disease activity while accounting 
for glucocorticoids dosage at a particular visit.

• The SLEDAI- 2KG identified more responders com-
pared to the SLEDAI- 2K after adjusting for the 
changes in glucocorticoids dosage.

• The SLEDAI- 2KG adjusts for the disease activity 
within each descriptor while accounting for the cur-
rent glucocorticoids dosage.

• The SLEDAI- 2KG performs better than the SLEDAI- 
2K in differentiating the accrual of damage in re-
sponders versus nonresponders.

Table 1. Weighted glucocorticoids (GCs) scoring by dose categories at baseline and 9-month follow- up*

GCs weighted score corresponding  
to different GCs doses

Example of application of SLEDAI- 2KG  
to a patient with a SLEDAI- 2K score of 6

No. of patients  
per GCs category

GCs dose  
categories, mg/day

GCs weighted  
score

SLEDAI- 2K  
score

SLEDAI- 2KG score =  
SLEDAI- 2K score +  

GCs weighted score
Baseline,  
no. (%)

9-month  
follow- up,  

no. (%)
<5 0 6 6 + 0 = 6 0 (0.0) 17 (9.0)
5 2 6 6 + 2 = 8 14 (7.4) 25 (13.3)

7.5 2 6 6 + 2 = 8 6 (3.2) 22 (11.7)
10 3 6 6 + 3 = 9 26 (13.8) 31 (16.5)

12.5– 15 4 6 6 + 4 = 10 18 (9.6) 33 (17.6)
17.5– 20 5 6 6 + 5 = 11 27 (14.4) 35 (18.6)

22.5– 27.5 6 6 6 + 6 = 12 12 (6.4) 7 (3.7)
30– 35 7 6 6 + 7 = 13 31 (16.5) 6 (3.2)
≥37.5 8 6 6 + 8 = 14 54 (28.7) 12 (6.4)

* SLEDAI- 2K = Systemic Lupus Erythematosus Disease Activity Index 2000; SLEDAI- 2KG = SLEDAI- 2K GCs Index. 
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with the Declaration of Helsinki and are approved by the Research 
Ethics Board of the University Health Network, Toronto, Canada. 
All patients signed informed consent (REB number 11- 0397- AE).

Outcome measures. The SLEDAI- 2K and SLEDAI- 2KG 
were completed at the first and follow- up visits. The SLEDAI- 
2KG score is derived based on the sum of the SLEDAI- 2K score 
and the weighted score of GCs dosage. We have previously 
shown the development of the SLEDAI- 2KG and the associated 
weighted score of different GC doses (17). The weighted score of 
GCs dosage is derived based on the following equation: 0.32 × 
GCs dosage –  0.0031 × GCs dosage2 (17). For application, we 
recommend the use of the following weighted scores for pred-
nisone: <5 mg/day = 0; 5 mg/day = 2; 7.5 mg/day = 2; 10 mg/
day = 3; 12.5– 15.0 mg/day = 4; 17.5– 20.0 mg/day = 5; 22.5– 
27.5 mg/day = 6; 30– 35 mg/day = 7; ≥37.5 mg/day = 8. Table 1 
illustrates the application of the SLEDAI- 2KG.

First, the performances of the SLEDAI- 2K and SLEDAI- 2KG 
at follow- up visit were compared, and a cutoff ≥4 (decrease from 
baseline visit) was utilized to identify responders by both indices. 
Second, we further reassessed the responders and nonrespond-
ers to the SLEDAI- 2K using the new index, the SLEDAI- 2KG. The 
9- organ system involvements in the cohort were identified (the 
SLEDAI- 2K includes 9 organ systems and 24 descriptors).

Responders were categorized into 4 separate groups 
based on the change in their SLEDAI- 2K and SLEDAI- 2KG 
scores at the 9- month follow- up. These categories were as 
follows: group A consisted of confirmed responders with 

decreased SLEDAI- 2K and SLEDAI- 2KG scores ≥4; group 
B consisted of not confirmed responders with a decrease 
in SLEDAI- 2K scores ≥4 only; group C consisted of addi-
tional responders with a decrease in SLEDAI- 2KG scores ≥4 
only; group D consisted of confirmed nonresponders with a 
decrease in SLEDAI- 2K and SLEDAI- 2KG scores <4.

To gain insight into the magnitude of change in SLEDAI- 2K 
and SLEDAI- 2KG scores at follow- up visits, among group A 
(confirmed responders), the effect size reflected by standardized 
response mean (SRM) was derived and compared between both 
indices. The SRM was measured based on the ratio of the observed 
change (baseline to follow- up at 9 months) to the SD of that change 
(26), along with the corresponding 95% confidence interval (95% 
CI) (27). Higher SRM values reflect greater degrees of change (SRM 
0.3– 0.49 = low, 0.5– 0.8 = moderate, and >0.8 = high) (26).

To examine the association of damage accrual in responders 
and nonresponders by each index, the earliest increase of Sys-
temic Lupus International Collaborating Clinics/American College 
of Rheumatology Damage Index (SDI) score was compared using 
survival analysis. Kaplan- Meier curves were created to illustrate 
the proportion of outcomes in patients stratified by responders (a 

Table 2. Cohort characteristics at baseline and 9-month follow- up 
(n = 188)*

Variable at baseline Baseline
9-month  
follow- up

Sex
Female 162 (86.2)
Male 26 (13.8)

Ethnicity
White 90 (47.9)
Chinese 29 (15.4)
Black 37 (19.7)
Other 32 (17.0)

Age, mean ± SD years 35.7 ± 13.4 36.5 ± 13.4
Age  at SLE diagnosis, mean ± SD 

years
30.8 ± 13.0 30.8 ± 13.0

SLE  duration at current visit, mean 
± SD years

4.9 ± 6.7 5.7 ± 6.7

SLEDAI- 2K score, mean ± SD 13.8 ± 6.9 6.0 ± 5.0
SLEDAI- 2KG score, mean ± SD 19.7 ± 7.8 9.6 ± 6.0
GCs dose, mean ± SD mg/day 28.9 ± 20.0 14.6 ± 11.0
GCs dose, median (IQR) mg/day 25 (13– 40) 11 (8– 20)
Treated with GCs, yes 188 (100) 181 (96.3)
Treated with antimalarials, yes 96 (51.1) 124 (66.0)
Trea ted with immunosuppressive 

drugs, yes
74 (39.4) 122 (64.9)

* Values are the number (%) unless indicated otherwise. GCs = 
glucocorticoids; IQR = interquartile range; SLE = systemic lupus 
erythematosus; SLEDAI- 2K = SLE Disease Activity Index 2000; SLEDAI- 
2KG = SLEDAI- 2K GCs Index. Table 3. Systemic Lupus Erythematosus Disease Activity Index 

2000 (SLEDAI- 2K) descriptor manifestations at baseline and 9- 
month follow- up (n = 188)*

SLEDAI- 2K organ  
systems and descriptors Baseline

9-month  
follow- up

Central nervous system 38 (20.2) 12 (6.4)
Seizures 6 (3.2) 1 (0.50)
Psychosis 8 (4.3) 1 (0.50)
Organic brain syndrome 5 (2.7) 4 (2.1)
Visual 4 (2.1) 2 (1.1)
Cranial nerve 0 (0) 0 (0)
Lupus headache 18 (9.6) 4 (2.1)
Cerebrovascular accident 6 (3.2) 0 (0)

Vasculitis 39 (20.7) 8 (4.3)
Musculoskeletal 59 (30.3) 18 (9.6)

Arthritis 51 (27.1) 16 (8.5)
Myositis 8 (4.3) 2 (1.1)

Renal 89 (47.3) 51 (27.1)
Proteinuria 78 (41.5) 48 (25.5)
Casts 39 (20.7) 16 (8.5)
Hematuria 48 (25.5) 22 (11.7)
Pyuria 36 (19.1) 15 (8.0)

Skin 103 (54.8) 42 (22.3)
New rash 51 (27.1) 13 (6.9)
Alopecia 55 (29.3) 29 (15.0)
Mucous membrane 39 (20.7) 3 (1.6)

Serosal 21 (11.2) 5 (2.7)
Pleurisy 17 (9.0) 5 (2.7)
Pericarditis 9 (4.8) 0 (0.0)

Immunologic 147 (78.2) 125 (66.5)
Low complement 115 (61.2) 88 (46.8)
Increased DNA binding 128 (68.1) 106 (56.4)

Fever 24 (12.8) 2 (1.1)
Hematologic 20 (10.6) 8 (4.3)

Thrombocytopenia 8 (4.3) 2 (1.1)
Leukopenia 14 (7.4) 7 (3.7)

*  Values are the number (%).
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decrease in SLEDAI- 2K or SLEDAI- 2KG scores ≥4) versus nonre-
sponders over 10 years of follow- up. Univariate Cox proportional 
regression was performed, and hazard ratios (HRs) (with 95% CIs) 
were defined for responders on the outcome of a decrease in 
scores of ≥4 in both instruments.

RESULTS

Cohort characteristics. In total, 188 patients were ana-
lyzed, of whom 162 (86.0%) were female, and 90 (47.9%) were  
White. The mean ± SD age at diagnosis was 35.7 ± 13.4 years.  
The mean ± SD SLEDAI- 2K scores, SLEDAI- 2KG scores, and GCs  
dose (mg/day) at baseline were 13.8 ± 6.9, 19.4 ± 7.8, and 28.9  
± 20.0 mg/day, respectively. At the 9- month follow- up, the mean ± SD  

SLEDAI- 2K scores, SLEDAI- 2KG scores, and GCs dose (mg/day) 
were 6.0 ± 5.0, 9.6 ± 6.0, and 14.6 ± 11.0 mg/day, respectively. 
At baseline, among all patients, 51.1% and 39.4% were treated 
with antimalarial and immunosuppressive medications, respectively. 
The prevalence of treatment by antimalarial and immunosuppres-
sive medications increased to 66.0% and 75.0%, respectively, at the 
9- month follow- up. Further data on cohort characteristics at base-
line are shown in Table 2. The spectrum of SLE manifestations in all 
patients at baseline is reflected by SLEDAI- 2K descriptors in Table 3.

Performance of the SLEDAI- 2K and the SLEDAI- 
2KG. Group A. Of 188 patients, 145 (77.1%) responders had 
decreased SLEDAI- 2K scores ≥4 (Figure 1). Of 145 respond-
ers by SLEDAI- 2K, 142 patients (75.5%) also had decreased 

Figure 1. Responders by Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI- 2K) and the SLEDAI- 2K Glucocorticoids Index 
(SLEDAI- 2KG) who received a glucocorticoids dose of ≥5 mg/day at baseline and at the 9-month follow- up (n = 188).

Figure 2. Mean Systemic Lupus Erythematosus Disease Activity Index 2000 (orange), SLEDAI- 2K Glucocorticoids Index (blue), and glucocorti-
coids (gray) weighted scores at baseline and at the 9-month follow- up for A, confirmed responders (n = 142), B, not confirmed responders (n = 3), 
C, additional responders (n = 11), and D, confirmed nonresponders (n = 32).
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SLEDAI- 2KG scores by ≥4 at 9 months and were identified as 
confirmed responders.

Group B. Of 188 patients, 3 (1.6%) were responders by 
SLEDAI- 2K but not by SLEDAI- 2KG (not confirmed responders). 
These patients were found to have had an increase in GCs dos-
age at follow- up at 9 months compared to baseline visit. The in-
crease in prednisone dosage at follow- up resulted in an increase 
in the total score for the SLEDAI- 2KG due to the weighted score 
of prednisone dosage.

Group C. Of 188 patients, the SLEDAI- 2KG identified 11 
(5.8%) additional responders who did not respond by SLEDAI- 
2K. These patients did not drop their SLEDAI- 2K score by ≥4 at 
follow- up; however, their dosage of GCs was decreased, and this 
resulted in a decrease in the associated weighted score of pred-
nisone and subsequently in the total score for the SLEDAI- 2KG.

Group D. Of 188 patients, 32 (17.0%) were nonresponders 
by both SLEDAI- 2K and SLEDAI- 2KG (confirmed nonrespond-
ers), which resulted from an accompanied increase in GCs 
component or stable or minimal decrease in GCs dosage. Sup-
plementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24261/ 
abstract, illustrates clinical examples of groups A, B, C, and D at 
baseline and at follow- up of 9 months.

Figure 2 illustrates the mean SLEDAI- 2K scores, the SLEDAI- 
2KG scores, and GCs dosage at baseline and the 9- month 
 follow- up across the 4 different patient groups. Comparing baseline 
and 9- month follow- up, group A’s (confirmed responders) average 
SLEDAI- 2K and SLEDAI- 2KG scores and GCs dosage dropped by 
10.5, 12.7, and 2.2 mg/day, respectively. The SLEDAI- 2KG con-
firmed that the decrease in SLEDAI- 2K scores was accompanied 
by a decrease in GCs scores. Group B’s (not confirmed responders) 
average SLEDAI- 2K and SLEDAI- 2KG scores dropped by 4.4 and 
3.0, respectively; however, GCs dosage increased by 1.3 mg/day. 
Group C’s (additional responders) average SLEDAI- 2K and SLEDAI- 
2KG scores and GCs dosage dropped by 1.4, 5.2, and 4.1 mg/day, 
respectively. The patients in this group had a remarkable decrease in 
GCs dosage at follow- up, which resulted in a decrease in SLEDAI- 
2KG scores. Group D’s (confirmed nonresponders) SLEDAI- 2K and 
SLEDAI- 2KG scores increased by 1.7 and 1.4, respectively, and 
GCs dosage dropped by a minimal degree of 0.4 mg/day.

Change in SLEDAI- 2K and SLEDAI- 2KG scores and 
SRM. The magnitude of change based on SRM in SLEDAI- 2K 
and SLEDAI- 2KG scores at follow- up visits was 1.71 (95% 
CI 1.44– 1.97) and 1.82 (95% CI 1.55– 2.10), respectively. The 
SLEDAI- 2KG demonstrated a slightly larger magnitude of change 
among responders compared to the SLEDAI- 2K.

Association of damage accrual with SLEDAI- 2K and 
SLEDAI- 2KG responders. The SLEDAI- 2K did not differen-
tiate an increase in SDI score in 9- month responders versus 
nonresponders (P = 0.24). The SLEDAI- 2KG differentiated an 

increase in SDI score in 9- month responders versus nonrespond-
ers (P = 0.06) (Figure 3). Fifty percent of SLEDAI- 2KG 9- month 
responders had an SDI score increase at 10 years, while 50% 
of nonresponders at 9 months had an SDI increase at 6 years 
(Figure 3). A trend of SDI protection in SLEDAI- 2KG responders 
was seen (HR 0.64 [95% CI 0.40– 1.04]).

DISCUSSION

The SLEDAI- 2K is a widely used index to assess and quantify 
SLE disease activity (7,10) due to its low administrative burden and 
straightforward scoring (7,10,15) and its appropriate psychomet-
ric properties (28). The novel SLEDAI- 2KG index allows physicians 
to evaluate the severity of SLE disease activity while accounting 
for GCs dosage. In this study, we compared the performance of 

Figure 3. Damage accrual over 10 years in Systemic Lupus Erythe-
matosus Disease Activity Index 2000 Glucocorticoids Index (SLEDAI- 
2KG) responders and nonresponders and SLEDAI- 2K responders 
and nonresponders. A, Kaplan- Meier cumulative risk for SLEDAI- 
2KG increase stratified by responders to SLEDAI- 2KG. B, Kaplan- 
Meier cumulative risk for Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology Damage Index increase 
stratified by responders to SLEDAI- 2K. Color figure can be viewed in 
the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24261/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24261/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24261/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24261/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24261/abstract
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the SLEDAI- 2K and SLEDAI- 2KG in identifying responders in a 
group of 188 patients with active SLE disease on standard of care 
therapy after an interval of 9 months. The SLEDAI- 2KG identi-
fied an additional 11 responders (group C) categorized as nonre-
sponders by the SLEDAI- 2K. These 11 patients had a decrease in 
GCs dosage at follow- up, which accounted for a decrease in the 
total score for the SLEDAI- 2KG of ≥4 at follow- up. This highlights 
the concept that improvement can represent unchanged clinical 
activity but be managed with a lower dose of prednisone.

The SLEDAI- 2KG confirmed SLEDAI- 2K responders in 142 of 
188 (75.5%) responders and in only 3 patients (group B) who had 
received a slight increase in GCs dosage at follow- up, which com-
promised their SLEDAI- 2KG scores, and who had been deemed 
nonresponders by the SLEDAI- 2KG. The SLEDAI- 2KG enhanced 
the interpretation of the results of SLEDAI- 2K nonresponders 
(group D). Patients in group D (n = 32) did not show a decrease in 
total SLEDAI- 2K scores by ≥4 at follow- up; while some patients 
had a stable level of disease activity, others showed an increase 
in SLEDAI- 2K scores. In addition, GCs dosage was either stable, 
slightly decreased, or increased in this group of patients.

It is very challenging to evaluate improvement in drug trials in 
the context of standard of care treatment, which always includes 
GCs. In drug trials, there is variation between patient groups (study 
groups and placebo arms) regarding the GCs dosage at a specific 
visit or over the study period, which can affect the interpretation 
of disease activity based on SLEDAI- 2K scores. For instance, at 
a follow- up visit, different patients can achieve the same score on 
the SLEDAI- 2K while receiving different doses of GCs. We believe 
that the novel index, the SLEDAI- 2KG, will shed light on GCs dos-
age during the study period and facilitate data interpretation.

The SLEDAI- 2KG performed better than the SLEDAI- 2K at 
differentiating damage accrual in responders versus nonrespond-
ers. Fifty percent of SLEDAI- 2KG nonresponders accrued dam-
age 4 years earlier than responders, whereas the SLEDAI- 2K 
could not differentiate damage accrual between the 2 groups.

More recently, we have witnessed the development of com-
posite indices that incorporate disease activity instruments along 
with treatment while trying to adjust for the confounding effects 
of medication in interpreting study results. For instance, the BILAG- 
based Combined Lupus Assessment (BICLA) (29,30) composite 
end point developed for the epratuzumab trial included a compo-
nent on treatment where treatment failure was defined as new or 
increased use of oral GCs or other immunosuppressants above 
baseline (21). To address this unmet need in research, we devel-
oped an outcome measure that incorporates the value of GCs 
usage into the disease activity measure, namely, the SLEDAI- 2KG.

In conclusion, the SLEDAI- 2KG provides a novel index for 
the assessment of SLE disease activity while accounting for 
GCs dosage. Changes in GCs dosage may alter the percentage 
of responders by the SLEDAI- 2KG. In our cohort, the SLEDAI- 
2KG identified a significantly higher number of responders among 

SLEDAI- 2K nonresponders, which resulted from a decrease in 
GCs dosage.
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Association of Dietary Quality With Risk of Incident 
Systemic Lupus Erythematosus in the Nurses’ Health Study 
and Nurses’ Health Study II
Medha Barbhaiya,1  Sara Tedeschi,2  Jeffrey A. Sparks,2  Cianna Leatherwood,2 Elizabeth W. Karlson,2 
Walter C. Willett,3 Bing Lu,2 and Karen H. Costenbader2

Objective. Knowledge remains scarce regarding diet and systemic lupus erythematosus (SLE) risk. Our objective 
was to investigate 4 dietary quality scores and SLE risk overall and by anti– double- stranded DNA (anti- dsDNA) 
positive versus negative subtypes.

Methods. We studied 79,568 women in the Nurses’ Health Study (1984– 2014) and 93,554 in the Nurses’ Health 
Study II (1991– 2013). Using validated food frequency questionnaires, we calculated 4 dietary scores: the 2010 
Alternative Healthy Eating Index (AHEI- 2010), the Alternative Mediterranean Diet Score (aMed), the Dietary Approach 
to Stop Hypertension (DASH), and the Empirical Dietary Inflammatory Pattern (EDIP). Incident SLE was confirmed 
by medical record review. Time- varying Cox regression models estimated pooled hazard ratios (HRs) and 95% 
confidence intervals (95% CIs) of SLE risk, overall and by anti- dsDNA, for cumulative average dietary quality score 
tertiles and individual AHEI- 2010 components.

Results. We identified 194 incident SLE cases. SLE risk was similar in women with the highest (versus lowest) 
dietary scores (AHEI- 2010 HR 0.78 [95% CI 0.54– 1.14], aMed HR 0.82 [95% CI 0.56– 1.18], DASH HR 1.16 [95% CI 
0.81– 1.66], EDIP HR 0.83 [95% CI 0.57– 1.21]). No association was demonstrated for anti- dsDNA+ or anti- dsDNA–  
SLE risk. Women in the highest (versus lowest) AHEI- 2010 tertile of nut/legume intake had a decreased SLE risk (HR 
0.59 [95% CI 0.40– 0.87]). No association was demonstrated for other AHEI- 2010 components and SLE risk.

Conclusion. We observed no association between long- term adherence to the AHEI- 2010, aMed, DASH, or EDIP 
scores with SLE risk, suggesting a large effect of dietary quality on SLE risk is unlikely. However, potential reduction 
in overall SLE risk with high nut/legume intake warrants further investigation.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a multisystem auto-
immune disease associated with high levels of inflammation. 
Accumulating evidence supports the premise that a combina-
tion of SLE susceptibility genes and environmental exposures are 
involved in the etiology of SLE.

Epidemiologic studies consistently suggest beneficial effects 
of healthier diet quality on the risk of developing chronic diseases, 
including type 2 diabetes, cardiovascular diseases, cancer, and 
rheumatoid arthritis (RA) (1– 6). A high intake of antioxidants, fruits/
vegetables, nuts, and legumes and a low intake of sodium, sweet-
ened beverages, and red/processed meats may reduce inflam-
matory biomarkers, including interleukin-6 (IL-6), tumor necrosis 
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factor 2 (TNF- 2), plasma fibrinogen, and high sensitivity C- reactive 
protein (CRP), and such a diet can decrease the risk of chronic 
inflammatory disease, including RA (7– 11). However, current 
knowledge remains scarce regarding the association of dietary 
quality and SLE risk.

In prior work, our group demonstrated a lower risk of RA 
(hazard ratio [HR] 0.78 [95% confidence interval (95% CI) 0.61– 
1.00]) and SLE with moderate alcohol consumption (HR 0.65 
[95% CI 0.45– 0.96]), and an increased risk for seropositive RA 
with ≥1 serving/day of sugar- sweetened soda (HR 1.63 [95% 
CI 1.15– 2.30]; P = 0.004 for trend) (10– 12). Other research has 
demonstrated a lower RA risk associated with 1– 3 servings of 
fish per week compared to never consumption (risk ratio 0.76 
[95% CI 0.57– 1.02]) (13), although there was no overall asso-
ciation between fish or marine omega- 3 fatty acid intake on RA 
risk overall in prospective cohorts (14). Additionally, we previously 
demonstrated no association between antioxidant food or vita-
min intake and SLE or RA in women (15,16). One explanation for 
these inconsistent findings is that single dietary components may 
confer only modest benefits, and because foods are not con-
sumed in isolation, scores of overall dietary quality have received 
increased attention in disease prevention. Our group has previ-
ously demonstrated associations between higher healthy dietary 
quality indices, such as the 2010 Alternative Healthy Eating Index 
(AHEI- 2010) (8), and a lower intake of an unhealthy pattern, the 
Empirical Dietary Inflammatory Pattern (EDIP) (17), with the risk of 
incident RA among women followed prospectively in the Nurses’ 
Health Study (NHS) cohorts. AHEI- 2010 was inversely associated 
with RA, and EDIP was positively associated with RA in these 
women (9,18).

In the current study, we aimed to evaluate long- term dietary 
intake and to calculate 4 dietary quality scores and the risk of SLE 
and its subtypes, anti– double- stranded DNA (anti- dsDNA) posi-
tive versus negative SLE. We hypothesized that higher intake of 
a healthier diet, with higher dietary quality scores, including the 
AHEI- 2010, the Alternative Mediterranean Diet Score (aMed), 
and the Dietary Approach to Stop Hypertension (DASH), would 
be inversely associated with SLE risk (19), and that a higher 
(unhealthier) intake of an inflammatory dietary pattern, measured 
by the validated EDIP, would be positively associated with SLE 
risk. We also hypothesized an inverse relationship between SLE 
and nut/legume intake, which is known to be a rich source of 
antiinflammatory polyunsaturated fats.

MATERIALS AND METHODS

Cohorts. The NHS enrolled 121,700 women ages 30– 
55 years in 1976; the Nurses’ Health Study II (NHSII) enrolled 
116,430 women ages 25– 42 years in 1989. We examined base-
line characteristics of the 2 cohorts separately and thereafter 
pooled NHS/NHSII data and conducted analyses in the pooled 
data set. We excluded patients with prevalent SLE or connective 
tissue diseases at the start of analysis and those with no dietary 
exposure data, as below. Patients were censored at the last fol-
low- up, at death, or at self- report of connective tissue diseases 
not confirmed to be SLE. We included 79,568 female nurses in 
NHS (1984– 2012) and 93,554 in NHSII (1991– 2013).

Exposures. Dietary data were obtained from validated food 
frequency questionnaires at baseline and approximately every 4 
years in follow- up. Food frequency questionnaires were admin-
istered in 1984, 1986, and every 4 years until 2010 in the NHS, 
and in 1991 and every 4 years until 2011 in the NHSII. Food fre-
quency questionnaires assessed dietary intake over the previous 
year, ranking the frequency of each food/beverage on a scale from 
never or <1/month to ≥6 servings/day (20). We calculated 3 a pri-
ori dietary scores (AHEI- 2010, aMed, and DASH), for which higher 
adherence scores correlated to a healthy diet, and 1 empirical die-
tary index (EDIP) pattern, for which higher adherence correlated to 
unhealthy diet, as follows below.

AHEI- 2010 is a dietary quality score based on the 2010 
Dietary Guidelines for Americans and has been associated with 
predicting the risk of major chronic diseases (2,8,21). It is com-
posed of 11 foods and nutrients that have been consistently asso-
ciated with the risk of chronic diseases. Among 11 foods/nutrients 
included in the dietary index, fruits, vegetables, whole grains, 
nuts/legumes (which also includes soy), long- chain (n- 3) fat (per-
centage of total energy), polyunsaturated fat (percentage of total 
energy), and moderate alcohol consumption were considered as 
healthy items, while sugar- sweetened beverages (including fruit 
juice), red/processed meat, trans fat (percentage of total energy), 
and sodium intake were deemed as unhealthy components. A 

SIGNIFICANCE & INNOVATIONS
• Evidence supports the premise that a combination 

of systemic lupus erythematosus (SLE) susceptibil-
ity genes and environmental exposures, such as 
long- term dietary intake, are involved in the etiolo-
gy of SLE.

• In this prospective cohort study with detailed 
measures of dietary quality intake and other life-
style exposure data in women followed for many 
years prior to SLE onset, we found no association 
between long- term adherence to 4 dietary quali-
ty scores, including the 2010 Alternative Healthy 
Eating Index, the Alternative Mediterranean Diet 
Score, the Dietary Approach to Stop Hypertension, 
or the Empirical Dietary Inflammatory Pattern, with 
SLE risk overall or by anti– double- stranded DNA an-
tibody subtypes among women.

• However, a potential reduction in SLE risk by 41% 
was demonstrated with high (versus low) nut/leg-
ume consumption, which is hypothesis- generating 
and should be pursued in future studies.
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higher intake of unhealthy foods/nutrients (sugar- sweetened bev-
erages, red/processed meat, trans fat, and sodium) were given 
lower scores. Each AHEI- 2010 component was scored from 0 
(worst) to 10 (best), and the range of the score was between 0 
(nonadherence) and 110 (perfect adherence).

The aMed score is a modified version of the Mediterranean 
diet scale from a previously published study containing 9 com-
ponents, including vegetables (excluding potatoes), fruits, nuts, 
whole grains, legumes, fish, ratio of monounsaturated to satu-
rated fat, red and processed meats, and alcohol (22). Participants 
can have a maximum of 9 points and minimum of 0 points.

The DASH diet represents a healthy dietary pattern, based 
on food and nutrients emphasized or minimized in the DASH 
diet, focusing on 8 components: high intake of fruits, vegetables, 
nuts and legumes, low- fat dairy products, and whole grains, and 
a low intake of sodium, sweetened beverages, and red and pro-
cessed meats (19,23). The component scores are summed for a 
total DASH score ranging from 8 to 40.

The EDIP is an inflammatory dietary pattern, measured by 
the validated Empirical Dietary Inflammatory Index (a weighted 
score including pro-  or antiinflammatory food groups based on 
the association with plasma inflammatory biomarker levels (CRP, 
IL- 6, and soluble tumor necrosis factor receptor 2 [sTNFR2]) (17). 
The EDIP includes 9 proinflammatory groups (positively associ-
ated with biomarkers): processed meat, red meat, organ meat, 
non– dark meat fish, other vegetables (other than green leafy and 
dark- yellow vegetables), refined grains, high- energy beverages, 
low- energy beverages, and tomatoes; and 9 antiinflammatory 
groups (inversely associated with biomarkers): beer, wine, tea, 
coffee, dark yellow vegetables, leafy green vegetables, snacks, 
fruit juice, and pizza.

For each dietary score, we excluded participants who never 
answered any of the food frequency questionnaires over the study 
period. Missing covariate data were first carried forward and 
cumulatively averaged for 1 cycle; if >1 cycle was missing, a miss-
ing category was created.

Outcome. We identified incident SLE cases since the first 
dietary assessment. Incident SLE cases were identified by self- 
report, including those participants who screened positive on the 
connective tissue diseases screening questionnaire (24), validated 
by medical record review according to American College of Rheu-
matology 1997 SLE classification criteria (25,26) by 2 independ-
ent rheumatologists. SLE antibodies, including anti- dsDNA, were 
obtained from the medical record at the time of diagnosis.

Covariates. Lifestyle, environmental, and medical data were 
collected on baseline and biennial questionnaires. In our multivar-
iable model, we adjusted for those covariates considered to be 
potential confounders of the relationship between dietary quality 
and SLE, based on prior studies. These included race (White/non- 
White), age at menarche (≤10 versus >10 years), and the following 

time- varying covariates: simple updated age, questionnaire cycle, 
census- tract median household income (<$60,000 versus 
≥$60,000), smoking (never/past/current), oral contraceptive use 
(ever/never), menopausal status, and postmenopause hormone 
(PMH) use (premenopausal, postmenopausal/never used PMH, 
postmenopausal/ever used PMH), and cumulative average total 
energy intake (continuous in kilocalories). Simple updated alcohol 
intake (none, >0 to <5, ≥5 grams/day) was only adjusted for in the 
DASH and inflammatory diets, given that it is a component of the 
AHEI- 2010 and aMed dietary scores.

Statistical analysis. Given our hypothesis that long- term 
dietary intake is most relevant for the risk of a chronic disease such 
as SLE, we used cumulative average diet in our analysis. Cumu-
lative average estimates of dietary intake are shown to reduce 
within- person variation and minimize the inaccuracy of exposure 
information, and are more representative of regular dietary expo-
sure than a 1- time measure. Cumulative average dietary intake 
was calculated by averaging repeated dietary intake measures 
from baseline up to 2 to 4 years before SLE diagnosis. For exam-
ple, to predict SLE incidence during the 1994– 1998 time period, 
we calculated the cumulative dietary quality score between 1980 
and 1990 (excluding the 1994 measure, the most recent expo-
sure) using the following formula: (1980 + 1984 + 1986 +1990)/4 
assessments.

We evaluated each cumulative average dietary score in ter-
tiles and compared the highest tertile to the lowest tertile (reference 
group). Tertile cutoffs were identified using data from the pooled 
NHS/NHSII study population data set after excluding patients with 
prevalent SLE. Time- varying Cox regression models of pooled 
NHS/NHSII data estimated multivariable- adjusted HRs (95% CIs) 
for incident SLE, adjusting for potential baseline and time- varying 
confounders, updated every 2 years, by cumulative average die-
tary scores in tertiles through the 2- year cycle prior to diagnosis. In 
the base model, we adjusted for age, questionnaire cycle, cohort, 
and total energy intake. Final multivariable models were additionally 
adjusted for race (White/non- White), census- tract median house-
hold income (<$60,000 versus ≥$60,000), smoking (never, past 
current), alcohol intake (none, >0 to <5, ≥5 grams/day), adjusted 
for in the DASH and EDIP only, oral contraceptive use (ever/never), 
age at menarche (≤10 versus >10 years), menopausal status and 
PMH use (premenopausal, postmenopausal/never used PMH, 
postmenopausal/ever used PMH), and body mass index (BMI) 
(<20, 20 to 24.9, 25 to 29.9, ≥30 kg/m2), given that these factors 
have been associated with both dietary score and SLE.

We estimated the association of the highest tertile of each 
of the dietary scores, indicating highest adherence (compared to 
the lowest tertiles) with the risk of incident SLE. We also used 
restricted cubic splines to explore the relationships between each 
dietary index and the risk of SLE across the continuum of scores, 
in particular to determine whether the relationship between die-
tary quality and SLE is too nonlinear to be usefully summarized 
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by a linear relationship. We calculated P values for trend using 
the median dietary score for each tertile as a continuous varia-
ble in the model. Person- years began from the return date of the 
baseline questionnaire until the last follow- up, death, or censoring, 
whichever came first. We performed subgroup analyses by SLE 
autoantibody status (anti- dsDNA antibodies present/absent) at 
the time of SLE diagnosis.

In sensitivity analyses, we evaluated short- term dietary 
quality and SLE risk in a simple updated analysis, which used 
the most recent dietary quality intake values. Additionally, we 
examined whether baseline dietary quality was associated with 
SLE risk. Finally, given the association of the AHEI- 2010 with RA 
in prior work by our group (18), we also assessed the risk of indi-
vidual AHEI- 2010 components and SLE risk separately, using the 
above methods.

In the assessment of the 4 dietary scores in the primary anal-
ysis, we applied Bonferroni correction (for multiple comparisons 
testing) with a 2- sided significance level of 0.0125. A P value 
threshold of less than 0.05 was considered significant for the 
AHEI- 2010 components analysis, which was an exploratory anal-
ysis. We measured the goodness of fit for each model by Harrel’s 
C- index, and the proportional hazards assumption was evaluated 
by including an interaction term between a continuous dietary 
score and a logarithm of person- time. Analyses were performed 
using SAS software, version 9.4. All aspects of this study were 
approved by the Partners’ HealthCare Institutional Review Board.

RESULTS

We identified 194 incident SLE cases (91 anti- dsDNA+ and 
103 anti- dsDNA– ) during follow- up. Similar findings were observed 
across tertiles of dietary scores (AHEI- 2010, aMed, and DASH) for 
both NHS and NHSII cohorts: higher baseline scores (healthy diet) 
were positively associated with higher mean age and the propor-
tion of participants with increased median income, increased rates 
of physical activity, early menarche, never smoking, postmeno-
pausal hormone use, lower current smoking, BMI, and total calo-
rie intake (Table 1). Lower baseline EDIP scores (healthy diet) were 
associated with similar characteristics across both NHS cohorts.

For each of the 4 dietary scores, the C- index for each model 
was similar, approximately 0.69, indicating a reasonable good-
ness of fit. In the AHEI- 2010, no association (HR 0.80 [95% CI 
0.55– 1.15]) was demonstrated after age adjustment in the highest 
versus lowest tertile (Table 2). After multivariable adjustment, this 
HR for cumulative average AHEI- 2010 score in the highest versus 
lowest tertile was 0.78 (95% CI 0.54– 1.14), and was similar for 
anti- dsDNA+ SLE (HR 0.78 [95% CI 0.45– 1.36]) and anti- dsDNA–  
SLE (HR 0.78 [95% CI 0.47– 1.31]). No association was demon-
strated in the highest versus lowest tertiles for baseline AHEI- 2010 
(HR 0.94 [95% CI 0.64– 1.39]). However, a significant association 
was demonstrated for simple updated AHEI- 2010 scores (HR 
0.66 [95% CI 0.44– 0.98]) in the highest versus lowest tertiles. Of 

the 11 individual items composing the AHEI- 2010, only cumula-
tive average nut/legume intake showed an association with SLE 
risk: HR 0.59 (95% CI 0.40– 0.87; P = 0.006 for trend) for intake in 
the highest tertile compared to the lowest tertile.

SLE risk was also not significantly different among women 
with cumulative average dietary scores in the highest tertile of each 
dietary score versus the lowest tertile for the other 3 dietary scores 
(aMed, DASH, or EDIP) in age- adjusted or multivariable- adjusted 
analyses. Multivariable- adjusted HRs for overall SLE were HR 0.82 
(95% CI 0.56– 1.18) for aMed, HR 1.16 (95% CI 0.81– 1.66) for 
DASH, and HR 0.83 (95% CI 0.57– 1.21) for EDIP. No significant 
trends across tertiles of these 3 dietary scores were observed and 
no risk was demonstrated for anti- dsDNA+ or anti- dsDNA–  SLE 
subtype (Table 2). Additionally, no association was demonstrated 
for exposure to these dietary scores at baseline (HR 1.12 [95% CI 
0.78– 1.61] for aMed, HR 1.04 [95% CI 0.71– 1.53] for DASH, HR 
0.91 [95% CI 0.64– 1.31] for EDIP; or in simple updated HR 0.86 
[95% CI 0.58– 1.28] for aMed, HR 0.89 [95% CI 0.60– 1.33] for 
DASH, HR 1.12 [0.76– 1.65] for EDIP) analyses after multivariable 
adjustment. For each dietary index, restricted cubic splines did 
not reveal any statistically significant patterns in the relationships 
with SLE risk across the range of scores, although few women 
consumed diets at the high or low ends of the ranges.

DISCUSSION

In these large prospective cohorts of women followed 
for many years prior to SLE onset, we found no association 
between long- term adherence to 4 dietary quality scores, includ-
ing the AHEI- 2010, aMed, DASH, or EDIP, with SLE risk overall 
or by anti- dsDNA subtype among women. These results, using 
different measures of dietary quality, make a large effect of die-
tary quality upon the risk of developing SLE among women 
unlikely. However, women in the highest (versus lowest) tertile of 
nut/legume intake in AHEI- 2010 had a 41% decreased risk of 
SLE, a finding which may be worth further investigating. Addi-
tionally, although an inverse association between short- term high 
intake of the AHEI- 2010 diet and SLE risk was demonstrated, this 
association should be confirmed in future analyses.

Various a priori diet quality scores have been developed in 
the medical literature using existing knowledge of a hypothesized 
healthy diet to create a dietary index, such as the DASH diet, 
regional/national diets, such as the Mediterranean diet, and diets 
based on guidelines, including the AHEI- 2010. The EDIP differs 
in that it is derived using plasma inflammatory biomarkers based 
on an agnostic method. These 4 dietary scores have been well 
studied in the NHS cohorts and associated with the develop-
ment of a number of chronic diseases (27– 29). Our group recently 
showed that high adherence to the EDIP was associated with 
38% increased RA risk for young and middle- aged women (age 
≤55 years) in NHS cohorts (HR 1.38 [95% 1.05– 1.83]; P = 0.01 
for trend) (9). While there was no association with the aMed and 
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RA among women in NHS cohorts, a 33% lower RA risk was 
also demonstrated with the highest adherence to the AHEI- 2010 
among women age ≤55 years (HR 0.67 [95% CI 0.51– 0.88]; 
P = 0.002 for trend) (18,30). Although the DASH diet has pre-
viously been shown in prospective analysis of men in the Health 
Professionals Follow- Up Study to confer a lower risk of gout (31), 
this diet has not previously been studied in association with con-
nective tissue diseases such as SLE. We have also previously 
examined 2 derived dietary patterns using principal components 
analysis and demonstrated no association between the unhealthy 
Western diet or the healthy Prudent diet with incident SLE risk 
among women in the NHS cohorts (32).

A mechanistic rationale exists for evaluating these 4 dietary 
scores in relation to SLE onset. Oxidative stress and other envi-
ronmental exposures, including diet, can contribute to lupus 
onset and flares through epigenetic mechanisms that modify 
CD4+ T cell gene expression (33). Although we did not demon-
strate that high adherence to the AHEI- 2010 or aMed die-
tary scores reduces the risk of SLE, our results demonstrate 
a potential reduction in SLE risk with high nut/legume intake, 
which also includes soy products. Nuts and legumes are a rich 
source of alpha- linoleic acid, an antiinflammatory polyunsatu-
rated fat associated with reduced risk of inflammation and car-
diovascular disease (34). Among prevalent SLE patients, a low 
intake of omega- 3 fatty acids and high intake of carbohydrates 
appear to be associated with worse disease activity, adverse 
serum lipids, and plaque presence (35). While data from ran-
domized, double- blind, placebo- controlled trials demonstrate 
inconsistent results regarding the benefit of polyunsaturated 
fats in prevalent SLE patients, those trials with longer follow- up 
(at least 24 months) demonstrate improvement in disease 
activity, endothelial function, and some circulating inflamma-
tory markers with omega- 3 supplementation (36– 38). Thus, our 
novel finding suggesting a link between a dietary component, 
such as high nut/legume intake, and incident SLE risk warrants 
further investigation.

Additionally, although higher adherence to the DASH diet 
is thought to be associated with improvement in and reduced 
risk of chronic diseases, including coronary heart disease and 
stroke through its beneficial effect on hypertension, increas-
ing data support a role for sodium and autoimmunity (39,40). 
Recent results from murine mouse models of autoimmune dis-
eases show a modulation in T cell immune response observed 
following excess sodium intake (41), such that high concentra-
tions of sodium chloride promoted the differentiation of T helper 
lymphocytes toward the Th17 phenotype, known to be highly 
proinflammatory. A nested case– control study showed that high 
sodium consumption among smokers was associated with RA 
risk (42), and a recent cross- sectional study among Iranian teach-
ers demonstrated an inverse association with the DASH diet and 
high- sensitivity CRP levels (43). Furthermore, the EDIP is derived 
based on the association of food/beverage groups with various 

inflammatory biomarkers, including IL- 6, CRP, and sTNFR2, all of 
which may be implicated in SLE pathogenesis.

Several potential explanations exist for the null association 
between dietary quality and SLE demonstrated in the NHS cohorts. 
First, the variation across dietary scores may have been too small 
to detect modest associations. Although restricted cubic splines 
did not reveal any significant patterns for SLE risk across the range 
of dietary scores, given that few women consumed diets at the 
high or low ends of the ranges, our power was limited to detect an 
association of extremely healthy or unhealthy diets with SLE risk. 
Second, by pooling data from the NHS and NHSII cohorts, the 
possibility exists that we did not adequately capture secular trends 
in lifestyle, diet, and SLE treatment over the nearly 3- decade long 
study period, although we observed similar null results even when 
conducting the analyses separately in each of the 2 cohorts (data 
not shown). Third, because diet was assessed prospectively from 
age 27 at the youngest in this cohort, our study cannot rule out an 
association between dietary patterns at younger ages and the risk 
of developing SLE. Fourth, we did not adjust for multiple compar-
ison testing in our analyses of AHEI- 2010 individual components 
or simple updated and baseline analyses, because these were 
exploratory or secondary analyses. Finally, we were likely under-
powered to perform additional subgroup analyses or evaluate 
interactions of diet by age or with other important SLE risk factors, 
such as current smoking, which may reveal important underlying 
associations as in previous analyses (14,44).

This study has a number of strengths and limitations. A major 
strength is the use of 2 large cohorts with over 4.4 million person- 
years of prospective follow- up. Since dietary exposures typically 
have modest effects on chronic disease risk, we pooled the 2 
NHS cohorts to increase our statistical power to detect an effect 
of dietary scores on SLE risk. Recall bias may be particularly 
important in dietary assessment analyses in case– control studies, 
because individuals with SLE may be more likely to misreport their 
actual food consumption in the past. However, in these prospec-
tive cohorts, repeated measures of dietary intake updated every 
4 years and detailed covariate data collected prior to SLE onset 
reduced the likelihood of misclassification of exposure, within- 
subject variation, and recall biases. Previous validation studies 
in this cohort have revealed good correlations between nutrients 
assessed by the food frequency questionnaire and multiple weeks 
of food records completed over the preceding year (45,46).

Given our strict definition of SLE, we may have excluded pos-
sible SLE cases at the time of medical record review that may later 
have become more clinically apparent. We were unable to examine 
associations between early dietary patterns and development of 
SLE at age <25 years, the youngest age at enrollment for partici-
pants in our cohorts. Anti- dsDNA antibody status was assessed at 
SLE diagnosis, minimizing the possibility that anti- dsDNA antibod-
ies may have normalized after drug treatment. However, we did not 
have access to updated autoantibody profiles because a minority 
of SLE cases may have later developed anti- dsDNA antibodies. 
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Additionally, because dietary information in NHS cohorts is collected 
every 4 years, we were unable to capture variation of diet intake 
within this interval. However, we used cumulative average esti-
mates of each dietary score to reflect long- term dietary habits and 
reduce measurement errors (47). Finally, given that the NHS cohorts 
include predominantly educated, healthy, White US women working 
in the nursing profession, there is a potential lack of generalizability. 
Although the mean values for our diet quality scores in NHS cohorts 
are somewhat better than in the US population as a whole (48), 
we cannot compare the distributions because the dietary assess-
ment methods are different in previous non- NHS studies.

In conclusion, our study did not demonstrate an association 
with long- term dietary quality and risk of incident SLE, overall or by 
anti- dsDNA antibody subtype, among women in a large prospec-
tive cohort. A potential inverse association was demonstrated for 
high nut/legume consumption and for short- term high intake of 
the AHEI- 2010 and SLE risk, compared to low intake, which may 
be hypothesis- generating. Our findings warrant replication in 
large, prospective, general population cohorts, with younger par-
ticipants and increased racial/ethnic variation.
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Methotrexate in Linear Scleroderma: Long- Term Efficacy in 
Fifty Children From a Single Pediatric Rheumatology Center
Gloria Fadanelli,1 Anna Agazzi,2 Fabio Vittadello,2 Alessandra Meneghel,2 Francesco Zulian,2  and 
Giorgia Martini2

Objective. To study disease course and long- term outcome in children with linear scleroderma (SSc) treated with 
methotrexate (MTX) since diagnosis.

Methods. The present study was retrospective and cross- sectional and included consecutive children with linear 
SSc who were treated with MTX for >1 year and were followed up for at least 2 years. Disease course was analyzed 
by the number of relapses and treatment changes. Relapse- free survival was examined by Kaplan- Meier analysis, 
comparing patients with linear SSc and those with other juvenile localized scleroderma (JLS) disease subtypes. 
Disease activity and damage were assessed by the Localized Scleroderma Cutaneous Assessment Tool and 
thermography.

Results. Fifty patients with a mean follow- up duration of 7.8 years and a mean MTX treatment duration of 3.1 
years were included. Sixteen percent of patients did not respond to the first course of MTX, and 16% had at least 
1 flare. Complete remission was observed in 18.2% of patients who were followed up for 2– 5 years, in 80.0% of 
patients followed up for 10 years, and in 87.5% of patients followed up for >10 years. No significant difference 
in relapse- free survival between patients with linear SSc and in 17 patients with other JLS disease subtypes was 
observed. Tissue damage was mild in 42% of patients, moderate in 32%, and severe in 26%. The correlations 
between severity of tissue damage and linear SSc subtype, disease duration, relapses, and remission were not 
significant. The relationships between treatment duration and disease relapses (P < 0.05) and severity of tissue 
damage (P < 0.005) were significant.

Conclusion. Most patients with linear SSc who are treated with MTX achieve complete and long- lasting remission. 
Overall aesthetic and functional sequelae are moderate, most likely because tissue damage is established early and 
treatment likely stabilizes the damage. Early diagnosis and MTX treatment, as well as long- term monitoring, are 
crucial to improve outcome and promptly identify flares.

INTRODUCTION

Juvenile localized scleroderma (JLS) is an autoimmune 
disorder causing fibrosis of the skin and subcutaneous tissues 
after an inflammatory phase (1– 2). Linear scleroderma (SSc) 
is the most common subtype and is often associated with 
tissue damage and functional disability (1,3). It is character-
ized by ≥1 linear streak(s) of fibrosis that can involve dermis, 
subcutaneous tissue, muscle, and sometimes bone, causing 
significant deformities. The trunk, extremities, face, and scalp 

can be affected. Little is known about the long- term outcomes 
of linear SSc in children (3– 5). Studies are hampered by the 
heterogeneous presentation of the disease, the wide variabil-
ity of management between physicians, the small number of 
cases, and the lack of validated activity and outcome mea-
sures. For all these reasons, studies that focus on outcomes of 
linear SSc are few and involve small series of patients. Patients 
with linear SSc are usually treated with systemic immunosup-
pressive drugs, and treatment delay has been found to be 
associated with adverse outcome (3,6).
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In the last 20 years methotrexate (MTX) has emerged as the 
treatment of choice for moderate- to- severe JLS in activity phase 
and is generally recommended for at least 12 months in combi-
nation with a short course of systemic glucocorticoids in order to 
provide rapid control of inflammation (7– 10). In the present study, 
we aimed to analyze disease course, recurrence, and long- term 
outcomes of a homogeneous group of children with linear SSc 
who were treated with MTX for at least 1 year since diagnosis.

PATIENTS AND METHODS

Patients. Demographic data were collected by retrospective 
chart review of patients with JLS who were diagnosed accord-
ing to the Padua classification criteria and followed up between 
January 2000 and December 2016 at our pediatric rheumatology 
unit (1). Inclusion criteria were: 1) diagnosis of linear SSc of trunk, 
extremities, or face/head, 2) diagnosis of mixed morphea in which 
linear lesions coexisted with other forms of JLS, 3) treatment with 
MTX since diagnosis and for at least 1 year, and 4) follow- up dura-
tion of ≥2 years, with at least 1 visit in the last 2 years and com-
plete clinical documentation.

Data collection. The collection of data included demo-
graphic characteristics (age, sex, personal or family history of 
autoimmune diseases), clinical data (age at disease onset, age 
at diagnosis, follow- up duration, presence of antinuclear anti-
body [considered positive if ≥1:160], and/or extractable nuclear 
antigens antibody), treatment history (start of therapy with MTX, 
association with oral or intravenous glucocorticoids, resistance to 
treatment defined as persistently active disease despite full- dose 
treatment, duration of treatment, treatment of relapses, and treat-
ment at last evaluation), and disease course (disease relapses 
defined as a disease reactivation during tapering or after with-
drawal of treatment).

Disease activity assessment. In the cross- sectional 
part of the present study, we evaluated disease activity by using 
the modified Localized Scleroderma Skin Severity Index (mLoSSI) 
combined with infrared thermography (IRT) examination (11,12). 

If multiple lesions were present, the most severe was considered 
for the evaluation. The mLoSSI is part of the Localized Sclero-
derma Cutaneous Assessment Tool and evaluates disease activity 
by grading 3 domains, including new lesion/lesion extension, ery-
thema, and skin thickness (11).

While wearing underwear, patients underwent IRT examina-
tion (infrared ThermaCAM PM695; FLIR Systems AB), which was 
performed at room temperature after 20 minutes of acclimatiza-
tion. Lesions were considered positive on IRT when they were 
0.5°C warmer than the surrounding area or contralateral side (12).

Upon combining the mLoSSI score with IRT findings, dis-
ease was classified as follows: 1) active disease, including the 
presence of new lesions and/or enlargement of an existing lesion 
within the past month, presence of erythema and/or skin thicken-
ing and/or significant hyperthermia (>0.5°C) on IRT; 2) remission 
duration of <2 years, including the absence of new lesions and/
or enlargement of existing lesions and signs of activity (erythema, 
skin thickening, significant hyperthermia on thermography) dur-
ing treatment or after <2 years from treatment discontinuation; 
or 3) remission duration of >2 years, including the absence of 
new lesions, enlargement of existing lesions, and signs of activity 
(erythema, skin thickening, significant hyperthermia on IRT) for >2 
years from treatment discontinuation.

Disease damage assessment. For each patient, the 
severity of tissue damage was evaluated using the mLoSSI and 
calculated an overall score. The mLoSSI comprises 3 domains, 
including dermal atrophy, subcutaneous atrophy, and dyspigmen-
tation (3,11). Assessment was performed by the same exam-
iner (GM) and, in cases of multiple lesions, the worst lesion was 
considered. As the mLoSSI has been shown to be imprecise in 
damage assessment, we applied an overall score mainly consid-
ering the entity of subcutaneous and dermal atrophy, as they are 
the main factors driving the development of significant deformity.

The relative overall damage score was categorized as fol-
lows: 0 = no dyspigmentation, normal skin and subcutaneous 
tissue thickness; 1 = dyspigmentation, mild dermal atrophy, and/
or subcutaneous fat loss less than or equal to one- third com-
pared to the contralateral site or surrounding areas; 2 = moder-
ate dermal atrophy and/or subcutaneous fat loss from one- third 
to two- thirds compared to the contralateral site or surrounding 
areas; and 3 = severe dermal atrophy and/or subcutaneous fat 
loss greater than or equal to two- thirds compared to the contralat-
eral or surrounding areas; 4 = presence of any functional limita-
tion defined as limited range of motion, contractures, and/or joint 
deformity and/or significant extremity length discrepancy due to 
JLS involvement.

Statistical analysis. Descriptive statistics for each variable 
that was included in the data collection was applied to analyze 
patient characteristics. For quantitative variables, the main indica-
tors of centrality and variability were calculated. The association 

SIGNIFICANCE & INNOVATIONS
• This retrospective, cross- sectional study evaluated 

the long- term outcome and disease course in 50 
children with linear scleroderma from a single pedi-
atric rheumatology center and treated with metho-
trexate (MTX) since diagnosis.

• The rate of disease remission is higher than in previ-
ous reports, and no significant difference in disease 
course was observed with less severe subtypes of 
localized scleroderma, thus recommending an ear-
ly use of MTX in these patients.
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between categorical variables was investigated using Pearson’s 
chi- square test, Fisher’s exact test, and, in the extended version, 
the Fisher- Freeman- Halton exact test. The Mann- Whitney test 
was used to evaluate differences between 2 groups after verifica-
tion of the non- normality distribution of the variables was consid-
ered in the analysis.

To identify which variables can contribute to the prediction 
of remission, the data were analyzed according to a binary logis-
tic regression model (enter method). A P value of less than 0.05 
(2- tailed test) was considered statistically significant. All analyses 
were performed using IBM SPSS statistical software (version 
18.0). Kaplan- Meier analysis with the log- rank test was performed 
for relapse- free survival in linear SSc patients and in a group of 
patients with other forms of JLS diagnosed in the same period 
and undergoing the same treatment schedule with MTX and sys-
temic corticosteroids.

RESULTS

Clinical characteristics. Fifty patients, including 31 female 
patients (62%), entered the study. The mean age at disease 
onset was 7.1 years (median 6.6 years [range 0– 15 years]) and 
the mean age at diagnosis was 8.5 years (median 7.8 years [range 
2.0– 17.4 years]), suggesting a mean diagnostic delay of 1.4 years 
(range 0– 5.7 years). The mean duration of follow- up was 7.8 years 
(median 6.8 years [range 2.1– 16.3 years]).

The clinical characteristics of patients are summarized in 
Table 1. Twenty- four patients (48%) had linear SSc of the trunk 
and/or extremities (2 had mixed- form SSc), 26 (52%) had linear 
SSc of the face/head (9 had mixed- form SSc), and most patients 

had unilateral involvement (72%). Significant extracutaneous  
manifestations, such as uveitis or central nervous system involve-
ment, were not observed in any of the patients, and 2 patients with 
linear SSc of the face/head presented with mild dental abnormalities.

Ten patients (20%) had 1 associated autoimmune disease, 
and 16 patients (32%) had a family history of rheumatologic or 
autoimmune diseases. The presence of antinuclear antibodies 
was tested for in 46 of 50 patients, and results were positive in 
15 of the 46 patients (26%). Extractable nuclear antigen testing 
results were negative for all patients tested (41 of 50).

Therapeutic approach and disease course. Treatment 
that started at diagnosis included MTX (15– 20 mg/m2 weekly) 
combined with oral prednisone (2 mg/kg daily for a mean treat-
ment duration of 3.2 months) in 26 patients (52%), while in the 
remaining 24 patients (48%) MTX was accompanied with pulsed 
intravenous methylprednisolone (30 mg/kg for 3 days) followed 
by oral prednisone (1 mg/kg daily for a mean treatment duration 
of 2.8 months). The mean duration of MTX therapy was 3.1 years 
(range 1.8– 8.5 years).

Overall, 42 patients (84%) responded to full- dose MTX; 34 
(68%) did not experience any flare, and 8 (16%) presented with 
≥1 flare. Disease flares occurred in 4 patients during MTX tapering 
and in 4 after MTX withdrawal. Relapses were treated by adding a 
single prednisone course in 3 of 8 patients (with clinical response 
in all 8 patients), while 5 of the 8 patients were re- treated with full- 
dose MTX. Two patients responded again, and the treatment for 
the remainder of the patients was shifted to mycophenolate mofetil 
(MMF) (2 patients) or azathioprine (1 patient).

Eight patients (16%) presented with persistent activity 
while being treated with full- dose MTX and were considered 
nonresponders. In 5 of the patients, a prednisone course was 
added to MTX with good response in 2 of the 5, while treat-
ment with MMF was added for the other 3 patients and lead 
to disease remission. Three nonresponders were treated by 
adding MMF to MTX directly, and all responded. Overall, MTX 
was well tolerated, with mild gastrointestinal discomfort in 5 
patients and transient liver enzyme increases in 3 patients (2- 
fold elevation).

We compared the disease course of our cohort of linear 
SSc patients with a group of 17 children with other forms of 
JLS (6 with circumscribed morphea, 10 with generalized mor-
phea, and 1 with pansclerotic morphea), who were treated 
with the same MTX and systemic glucocorticoids schedule. 
In the first 5 years from treatment start, patients with linear 
SSc did not show a significantly higher rate of reactivation, 
as shown by the Kaplan- Meier survival estimates of the time 
to disease relapse (P = 0.229 by log- rank test) (Figure 1). In 
fact, at 30 months’ follow- up, the probability of being in remis-
sion was 90% in patients with linear SSc and 88% in those 
with other forms of JLS and remained substantially stable at 
60 months (88% and 75%, respectively).

Table 1. Clinical characteristics of the patients*

Characteristics Values
Sex

Female 31 (62)
Male 19 (38)

Female:male ratio 1.6:1
Disease subtype

Linear SSc of the trunk/extremities 24 (48)
Mixed 2 (4)

Linear SSc of the face 26 (52)
Mixed 9 (18)

Age at disease onset, years
Mean 7.1
Median (range) 6.6 (0– 15)

Age at diagnosis, years
Mean 8.5
Median (range) 7.8 (2– 17.4)

Diagnostic delay, years
Mean 1.4
Median (range) 1.0 (0– 5.7)

Duration of follow- up, years
Mean 7.8
Median (range) 6.8 (2.1– 16.3)

* Values are the number (%) unless indicated otherwise. SSc = 
scleroderma. 
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Disease activity. In the cross- sectional portion of the 
present study, patients were divided into 3 classes according 
to the duration of follow- up: 2– 5 years (22 patients), 6– 10 years 
(12 patients), and >10 years (16 patients). As shown in Figure 2, 
in the group of patients with 2–5 years of follow- up, 81.8% (18 
of 22) achieved remission within <2 years of follow- up, 18.2% 
achieved remission within >2 years of follow- up, and none had 
active disease. In the group of patients who were followed up for 
6– 10 years, 80.0% (10 of 12) were in remission >2 years duration, 
and the remaining 2 patients had disease remission of <2 years 
(with recent reactivation that responded to treatment). In the group 
of 16 patients with a follow- up duration of >10 years, remission 
duration of >2 years was observed in 87.5% (14 of 16), with 1 
patient (6.3%) still presenting with active disease, and another 
patient (6.3%) had a recent flare and was in <2 years’ remission.

Tissue damage and functional impairment. Tissue 
damage was mild in 21 patients (42%), moderate in 16 (32%), and 
severe (damage score 3) in 13 (26%). Functional limitation and/or 
extremity length discrepancy (damage score 4) was reported in 14 
of 50 patients (28%), in 10 of 24 patients (41.7%) with linear SSc of 
the extremities, and in 4 of 26 patients (15.3%) with linear SSc of 
the face. No patient presented with damage score 0.

Predictors of outcome. Surprisingly, severity of tissue 
damage was not related to linear SSc subtype or to disease dura-
tion. Duration of therapy was correlated with presence of disease 
relapses (P < 0.05) and severity of tissue damage (P < 0.005). In 
particular, the mean duration of MTX treatment was 2.8 years in 
patients with a remission duration of >2 years and no flares, and 
3.3 years in those with a disease remission duration <2 years or 
with past flares.

DISCUSSION

Long- term prognosis of JLS is usually good, but in previous 
studies individuals with linear SSc seem to have longer disease 
activity, greater tendency to relapse, and worse sequelae com-
pared with other forms (3– 5,13– 15). To focus on linear SSc, we 
subanalyzed from our original cohort a homogeneous subgroup of 
children affected by this subtype and who were treated with MTX 
(3). Validated activity and damage scoring methods were used 
to make the results more objective and comparable. Therefore, 
outcome analysis is more reliable than previous studies including 
patients with different forms of JLS and therapeutic approaches 
(3,13– 15).

In our study, the majority of patients responded to MTX, with 
68% having no relapses over the disease course. Among patients 
who presented an initial good response to MTX, a reactivation of 
the disease was only observed in 16%. The time interval from MTX 
treatment to disease reactivation was very variable, ranging from 
9 months to >9 years after starting MTX.

In our previous study, in a cohort of 133 patients with dif-
ferent JLS forms, a relapse rate of 22.2% was reported on aver-
age 20 months after treatment discontinuation (3). Other authors 
reported disease relapses ranging from 16.7% to 27% of patients, 
especially with linear form, on average 15– 26 months after the 
onset (13,14). Kurzinski et al observed disease recurrence in 
48.6% of patients with JLS who were treated with MTX on aver-
age 21 months after its discontinuation (13).

In the present study, the low relapse rate and the observa-
tion that the relapse- free survival of patients with linear SSc is 
comparable with other less severe forms of JLS strongly suggest 
that linear SSc patients, if treated with MTX promptly at diagnosis 
and for a longer time than commonly reported, experience better 
outcomes as compared with patients in previous studies (3,8– 
10). In our cohort, no association between relapse and clinical 
or serologic variables was observed (previously reported by other 
authors) (13).

Figure 2. Percentage of patients experiencing active disease (red), 
partial remission (blue), and complete remission (green).

Figure 1. Cumulative relapse- free survival percentages in patients 
with linear SSc (red; linear subtype) and in patients with other forms 
of JLS (blue; nonlinear subtype) treated with methotrexate. No 
significant difference in relapse incidence (P = 0.229) was observed.
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Conversely, our study showed a correlation between duration 
of therapy and presence of relapses, probably because patients 
who presented with more severe disease were treated with MTX 
for longer and with slower tapering. This finding is in line with 
other authors who have reported more relapses in subgroups of 
patients whose disease was treated more aggressively (4,14).

Interestingly, none of the patients with 2– 5 years of follow- up 
still had active disease, 81% achieved remission <2 years duration, 
and 19% achieved remission >2 years. These data confirm the effi-
cacy of MTX in “turning off” the disease and in controlling possible 
reactivations, as most patients responded to a second course of 
MTX. Furthermore, the results in groups with longer follow- up sug-
gest that MTX treatment ensures a longstanding remission in 80% 
of patients with 6– 10 years of follow- up and in 87.5% of those with 
>10 years of follow- up. These data suggest that there is a small 
group of patients in which the disease tends to reactivate even 
after many years, despite the same therapeutic approach.

In the present study, 26% of patients presented with severe 
tissue damage, thus confirming that linear SSc is a potentially 
harmful disease (particularly when affecting the extremities), with 
consequent functional limitation observed in 41.7% of our cohort. 
These results are in line with those of previous studies and show 
that the extent of damage in linear SSc is often considerable 
despite the disease control through treatment (4,5). Indeed, we 
observed that severity of tissue damage is not associated with 
disease recurrence or disease duration, and this finding suggests 
that damage is established at early disease stages and is not 
completely reversible. Therefore, a delay in diagnosis and start of 
therapy could negatively influence the severity of tissue injury and 
secondary functional impairment, as previously suggested (3).

In conclusion, the present study adds significant data 
regarding the long- term outcome of juvenile linear SSc treated 
with MTX as a first- line agent and for a long time. Most of our 
linear SSc patients achieved longstanding remission, and only a 
small number presented disease relapses or persistent disease 
activity after >10 years. Although MTX was effective in inducing 
remission, linear SSc is associated with significant aesthetic and 
functional sequelae, probably because tissue damage is estab-
lished early in the disease course, as its severity did not seem 
to be related to disease duration. The long- term monitoring of 
patients, even after therapy withdrawal, is crucial to promptly 
identify possible flares and treat them adequately, as they have 
responded well to re- treatment.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Dr. Martini had full access to all of the data 

in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.
Study conception and design. Zulian, Martini.
Acquisition of data. Fadanelli, Agazzi, Meneghel, Martini.
Analysis and interpretation of data. Fadanelli, Vittadello, Martini.

REFERENCES
 1. Laxer RM, Zulian F. Localized scleroderma. Curr Opin Rheumatol 

2006;18:606– 13.

 2. Beukelman T, Xie F, Foeldvari I. The prevalence of localised sclero-
derma in childhood assessed in the administrative claims data from 
the United States. J Scleroderma Relat Disord 2019;4:77– 8.

 3. Martini G, Fadanelli G, Agazzi A, Vittadello F, Meneghel A, Zulian F. 
Disease course and long- term outcome of juvenile localized sclero-
derma: experience from a single pediatric rheumatology centre and 
literature review. Autoimm Rev 2018;17:727– 34.

 4. Pequet MS, Holland KE, Zhao S, Drolet BA, Galbraith SS, Siegel 
DH, et al. Risk factors for morphea disease severity: a retrospective 
review of 114 pediatric patients. Br J Dermatol 2014;170:895– 900.

 5. Piram M, McCuaig CC, Saint- Cyr C, Marcoux D, Hatami A, Haddad 
E, et al. Short-  and long- term outcome of linear morphea in children. 
Br J Dermatol 2013;169:1265– 71.

 6. Hawley DP, Baildam EM, Amin TS, Cruikshank MK, Davidson 
JE, Dixon J, et al. Access to care for children and young people 
diagnosed with localized scleroderma or juvenile SSc in the UK. 
Rheumatology (Oxford) 2012;51:1235– 9.

 7. Li SC, Torok KS, Pope E, Dedeoglu F, Hong S, Jacobe HT, et al. 
Development of consensus treatment plans for juvenile localized 
scleroderma: a roadmap toward comparative effectiveness stud-
ies in juvenile localized scleroderma. Arthritis Care Res (Hoboken) 
2012;64:1175– 85.

 8. Torok KS, Arkachaisri T. Methotrexate and corticosteroids in the 
treatment of localized scleroderma: a standardized prospective lon-
gitudinal single center study. J Rheumatol 2012;39:286– 94.

 9. Zulian F, Martini G, Vallongo C, Vittadello F, Falcini F, Patrizi A, et al. 
Methotrexate treatment in juvenile localized scleroderma: a ran-
domized, double- blind, placebo- controlled trial. Arthritis Rheum 
2011;63:1998– 2006.

 10. Uziel Y, Feldman BM, Krafchik BR, Yeung RS, Laxer R. Methotrexate 
and corticosteroid therapy for pediatric localized scleroderma. J 
Pediatr 2000;136:91– 5.

 11. Arkachaisri T, Vilaiyuk S, Torok KS, Medsger TA. Development and 
initial validation of the localized scleroderma skin damage index and 
physician global assessment of disease damage: a proof- of- concept 
study. Rheumatology (Oxford) 2010;49:373– 81.

 12. Martini G, Murray KJ, Howell KJ, Harper J, Atherton D, Woo P, et al. 
Juvenile onset localized scleroderma activity detection by infrared 
thermography. Rheumatology (Oxford) 2002;41:1178– 82.

 13. Kurzinski K, Zigler CK, Torok KS. Prediction of disease relapse in 
a cohort of juvenile localized scleroderma patients. Br J Dermatol 
2019;180:1183– 9.

 14. Mertens JS, Seyger MM, Kievit W, Hoppenreijs EP, Jansen TL,  
van de Kerkhof PC, et al. Disease recurrence in localized sclero-
derma: a retrospective analysis of 344 patients with paediatric- or 
adult- onset disease. Br J Dermatol 2015;172:722– 8.

 15. Mirsky L, Chakkittakandiyil A, Laxer RM, O’Brien C, Pope E. Relapse 
after systemic treatment in pediatric morphea. Br J Dermatol 
2012;166:443– 5.



1264  

Arthritis Care & Research
Vol. 73, No. 9, September 2021, pp 1264–1274
DOI 10.1002/acr.24384
© 2020, American College of Rheumatology

Functional Ability and Health- Related Quality of Life in 
Randomized Controlled Trials of Tocilizumab in Patients 
With Juvenile Idiopathic Arthritis
Hermine I. Brunner,1  Chen Chen,1 Francesca Bovis,2  Fabrizio De Benedetti,3  Graciela Espada,4 Rik Joos,5 
Jonathan Akikusa,6 Jeffrey Chaitow,7 Alina Lucica Boteanu,8 Yukiko Kimura,9  Christoph Rietschel,10 Daniel Siri,11 
Elzbieta Smolewska,12 Heinrike Schmeling,13  Diane E. Brown,14 Alberto Martini,15 Daniel J. Lovell,1  
Bin Huang,1 and Nicolino Ruperto,15 for the Paediatric Rheumatology International Trials Organisation and the 
Pediatric Rheumatology Collaborative Study Group

Objective. To evaluate changes in health- related quality of life (HRQoL) and disability in children with systemic 
juvenile idiopathic arthritis (JIA) or polyarticular JIA treated with tocilizumab.

Methods. Secondary analyses of two double- blind, placebo- controlled trials of intravenous tocilizumab in children 
with active systemic JIA or polyarticular JIA were conducted. Patient- reported outcomes of disability (Childhood 
Health Assessment Questionnaire [C- HAQ]), HRQoL (Child Health Questionnaire Parent Form 50 [CHQ- P50], health 
concepts, physical summary score [CHQ- P50- PhS], psychosocial summary score [CHQ- P50- PsS]), pain, and well- 
being (100- mm visual analog scale [VAS]) were measured at weeks 0 and 12 for systemic JIA, weeks 16 and 40 for 
polyarticular JIA, and week 104 for both JIA subgroups.

Results. The trial included 112 patients with systemic JIA and 188 patients with polyarticular JIA. In patients with 
polyarticular JIA, the mean ± SD C- HAQ score decreased from 1.39 ± 0.74 at baseline to 0.67 ± 0.65 at week 16  
(P < 0.001). In patients with systemic JIA, the mean ± SD CHQ- P50- PhS improved more with tocilizumab therapy than 
with placebo at week 12 (7.3 ± 10.2 versus 2.4 ± 10.6) (P < 0.05). Almost all mean CHQ- P50 health concept scores, 
CHQ- P50- PsS, and CHQ- P50- PhS improved (P ≤ 0.002) by week 104 for patients with systemic JIA. Patients with 
polyarticular JIA and patients with systemic JIA showed significant reductions in disability (mean ± SD C- HAQ scores 
of −1.09 ± 0.71 and −1.17 ± 0.80, respectively), improvements in well- being (mean ± SD well- being VAS scores of 
−43.76 ± 26.61 and −51.53 ± 23.57, respectively), and decreases in pain (mean ± SD pain VAS scores of −41.56 ± 
31.06 and −51.26 ± 26.79, respectively) (P < 0.001); in patients with polyarticular JIA and patients with systemic JIA 
who were treated with tocilizumab, 92.9% of polyarticular JIA patients and 96.8% of systemic JIA patients reported 
no more than minimal pain (a score of ≤35 mm on the VAS) at week 104.

Conclusion. Tocilizumab treatment was associated with significantly reduced disability and pain and improved 
HRQoL in patients with systemic JIA and polyarticular JIA.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) encompasses forms of 
immune- mediated chronic arthritis that manifest before the age 

of 16 years (1,2). It is the most common rheumatic disease in 
children and causes disability that can have profound impact on 
physical functioning and health- related quality of life (HRQoL) 
(1– 5).
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JIA is classified into categories according to clinical and lab-
oratory features (6). Systemic JIA, which accounts for 10– 20% 
of all JIA cases and is considered the most severe subtype of 
this disease, is characterized by spiking fever, erythematous rash, 
hepatosplenomegaly, lymphadenopathy, and serositis in addition 
to the presence of arthritis (5,7). Approximately 50% of children 
with systemic JIA experience severe joint damage from an unre-
mitting course of chronic polyarthritis (7,8). Polyarticular JIA has 
a prevalence ranging from 9– 57% of all JIA cases in most coun-
tries and is characterized by polyarticular joint involvement in the 
absence of systemic features (9). Some patients with polyarticular 
JIA test positive for antinuclear antibodies or immunoglobulin M 
rheumatoid factor (1,10).

The burden associated with JIA can be substantial and can 
impact many aspects of the lives of patients, their caregivers/fam-
ilies, and society in terms of health care costs and utilization (4,11). 
Children with JIA experience disability and reduced HRQoL, as 
attested by patients and their parents (2,3,12). Physical function is 
the most consistently compromised aspect of HRQoL in patients 
with JIA, likely reflecting disease manifestations of pain and func-
tional limitations in affected joints (2,11).

The goals of JIA treatment are to resolve inflammation, con-
trol pain, and minimize functional loss through a multidisciplinary 
approach by involving a pediatric rheumatologist working in col-
laboration with a team of health care providers (8). Therapeu-
tic options for JIA have advanced during the past 2 decades 
because of supportive legislation, the work of large international 
collaborative networks, and the development of biologic treat-
ments (8,13,14). Treatment options include nonsteroidal antiin-
flammatory drugs (NSAIDs), oral or intravenous glucocorticoids, 
synthetic disease- modifying antirheumatic drugs (DMARDs) 
such as methotrexate, and biologic DMARDs (8). Glucocor-
ticoids, NSAIDs, and methotrexate have beneficial effects on 
HRQoL, despite potential adverse effects (15– 17).

Treatment options for children and adolescents with sys-
temic JIA and polyarticular JIA also include tocilizumab, an 
anti– interleukin- 6 receptor α monoclonal antibody available in 
intravenous and subcutaneous formulations. Intravenous infusion 
of tocilizumab was investigated in 2 randomized, double- blind, 
placebo- controlled, phase III trials that supported the effective-
ness of tocilizumab therapy in reducing the signs and symptoms 
of systemic JIA (TENDER) and polyarticular JIA (CHERISH) (7,10). 
Other clinical trials of subcutaneous tocilizumab in systemic JIA 
and polyarticular JIA have also been performed (18,19).

Information is limited regarding the impact of intravenous 
tocilizumab on functional ability and HRQoL in patients with 
JIA. The aim of this secondary analysis was to evaluate patient- 
reported outcomes for up to 104 weeks in patients with systemic 

SIGNIFICANCE & INNOVATIONS
• Data from 2 phase III randomized controlled trials

in systemic juvenile idiopathic arthritis (JIA) and 
polyarticular JIA support that treatment with in-
travenous tocilizumab is associated with marked 
improvement in patient- reported outcomes over a 
2- year period.

• Over 2 years of receiving tocilizumab therapy, chil-
dren with polyarticular JIA and systemic JIA experi-
enced a >80% reduction in pain and improvement 
of patient well- being. Most children with polyarticu-
lar JIA and >40% of those with systemic JIA had no 
more than mild disability at week 104.

• No important differences were observed in long- term
disability, pain, and well- being between children 
with polyarticular JIA who continued tocilizum-
ab and those who switched to placebo during the 
24- week double- blind withdrawal period. This 
suggests short placebo exposures as part of a ran-
domized withdrawal trial have no more than minor 
effects on long- term detrimental effects on patient- 
reported outcomes.
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JIA and polyarticular JIA who participated in the phase III trials of 
intravenous tocilizumab.

PATIENTS AND METHODS

Study design. Patients were enrolled from 43 centers in 
17 countries for the TENDER trial and from 58 centers in 15 
countries for CHERISH. All centers are members of the Paedi-
atric Rheumatology International Trials Organisation (PRINTO) 
(14) or the Pediatric Rheumatology Collaborative Study Group 
(PRCSG) (13). Both trials were conducted in accordance 
with the Declaration of Helsinki and Good Clinical Practice 
guidelines.

The TENDER trial (ClinicalTrials.gov identifier: NCT00642460) 
was a randomized, double- blind, placebo- controlled study with 
a 12- week treatment period followed by a single- arm, open- label 
extension for up to 5 years; the trial design and enrollment criteria 
are published (7). Patients ages 2– 17  years with systemic JIA 
(6) who had inadequate responses to NSAIDs and glucocorti-
coids were randomly assigned at a 2:1 ratio to receive biweekly 
intravenous tocilizumab (12 mg/kg for body weight <30 mg and 
8 mg/kg for body weight ≥30 kg) or placebo for up to 12 weeks 
in double- blinded manner. Patients who met predefined criteria 
for nonresponse were offered open- label tocilizumab. After the 
12- week period, all patients received open- label tocilizumab in 
an extension period until the end of the trial at week 260.

The CHERISH trial (ClinicalTrials.gov identifier: NCT009  
88221) was a randomized, double- blind, placebo- controlled, 
withdrawal trial; the trial design and enrollment criteria are 
published (10). Patients ages 2– 17 years with active polyar-
ticular JIA (6) in whom methotrexate treatment failed were 
enrolled and entered a 16- week, open- label, run- in period 
during which they received intravenous tocilizumab every 
4 weeks (8 mg/kg for body weight ≥30 kg). Patients with a 
body weight of <30  kg were randomly assigned at a ratio 
of 1:1 to receive 8 mg/kg or 10 mg/kg of tocilizumab intra-
venously every 4  weeks. Patients who attained a response 
that at least met the American College of Rheumatology (ACR) 
Pediatric 30 (ACR Pedi 30) criteria by week 16 were randomly 
assigned at a 1:1 ratio to receive placebo or continue tocili-
zumab dosed according to body weight until week 40 unless 
they experienced a JIA disease flare as defined by the ACR 
Pedi 30 criteria (20). Patients who experienced a disease flare 
or completed the withdrawal period received open- label tocili-
zumab until the end of the trial at week 104. Improvement 
on the ACR Pedi 30 criteria (21) and JIA flare determination 
(20) require measurement of the JIA core response variables: 
number of joints with active arthritis, number of joints with lim-
itation in range of motion, measure of systemic inflammation 
(C- reactive protein [CRP] level or erythrocyte sedimentation 
rate [ESR]), physician global assessment of JIA activity, and 
patient overall well- being.

Patient assessments. Outcomes were measured at each 
study visit in both trials. Disability and global assessments of pain or 
overall well- being were assessed by adolescent patients or by the 
parents of younger children. Disability was assessed by measuring 
physical function impairment using the national language version 
of the Childhood Health Assessment Questionnaire (C- HAQ) and 
its domains (activity, rising, dressing and grooming, eating, grip, 
hygiene, reach, and walking). C- HAQ scores range from 0– 3, with 
higher scores reflecting greater disability. The C- HAQ has been 
validated in JIA patients across a range of cultures and socioeco-
nomic and sociodemographic conditions (22). C- HAQ threshold 
scores corresponding to mild, mild- to- moderate, and moderate- 
to- severe disability are 0.13, 0.63, and 1.75, respectively (23). A 
reduction of 0.13 in the C- HAQ score constitutes the minimal clin-
ically important improvement of disability (23).

Global assessment of pain was assessed as average pain 
during the previous 7 days on a 100- mm visual analog scale 
(pain VAS), wherein higher scores indicate more severe pain. Pain 
assessed by the patient or parent was considered mild for VAS 
scores of ≤35 mm, moderate for VAS scores of >35– 60 mm, 
and severe for VAS scores of >60 mm (24). Global assessment 
of patient overall well- being during the previous 7 days was mea-
sured on a 100- mm well- being VAS, with 0 indicating “very well” 
overall well- being and 100 indicating “very poor” well- being.

The Child Health Questionnaire Parent Form 50 (CHQ- P50) 
(25) was completed by the parents of children in the systemic JIA 
trial. The national language version of the parent- administered, 
validated, 50- item questionnaire was used to assess physical, 
emotional, and social aspects of HRQoL in children (22). The 
CHQ- P50 includes 15 health concepts (with 0 indicating worst 
possible score and 100 indicating best possible score): global 
health, physical functioning, role/social limitations– emotional/
behavioral, role/social limitations– physical, bodily pain/discomfort, 
behavior, general behavior, mental health, self- esteem, general 
health perception, change in health, parent impact– emotional, 
parent impact– time, family activities, and family cohesion. Two 
summary scores (physical summary score [CHQ- P50- PhS] and 
psychosocial summary score [CHQ- P50- PsS]) can be calculated 
and then calibrated to give a mean ± SD score of 50 ± 10 in 
the population based on normative values, with higher summary 
scores indicating better HRQoL. When validated in a population 
sample of US children, the CHQ- P50- PhS median score was 55.1 
(range 0.5– 64) and the CHQ- P50- PsS median score was 53.2 
(range 6– 64.11) (25).

In addition to patient- reported or parent- reported outcomes, 
physician global assessment of JIA activity was assessed on a 
100- mm VAS (physician global, with 0 indicating inactive JIA).

Statistical analysis. Demographic characteristics and JIA- 
specific information was summarized using the mean ± SD for 
numeric variables and percentages of frequencies for categorical 
data. Cohen’s d was used to compare continuous variables, and 
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Cohen’s w was used to compare categorical variables. Cohen 
suggested that w or d values of ≤0.2 be considered a “small” 
effect size, 0.5 a “medium” effect size, and 0.8 a “large” effect size. 
Therefore, if the mean of 2 groups do not differ by 0.2 SD or more, 
the difference is trivial, even if it is statistically significant (26). No 
data imputations were performed.

Available patient- reported outcome scores (C- HAQ, CHQ- 
P50 health concepts, CHQ- P50- PsS, CHQ- P50- PhS, pain VAS, 
well- being VAS) were summarized descriptively at baseline and at 
weeks 12 (systemic JIA), weeks 16 and 40 (polyarticular JIA), and 
week 104. Changes in C- HAQ overall and domain scores within 
12 weeks of baseline were compared for differences between 
treatment groups using analysis of variance (ANOVA) for patients 
with systemic JIA, with adjustment for baseline differences 
between treatment groups. Changes in available patient- reported 
outcomes for patients with polyarticular JIA were determined 
between baseline and week 16 or week 40. Changes in C- HAQ 
overall and domain scores from baseline to week 104 were com-
pared using paired t- tests for patients with systemic JIA or pol-
yarticular JIA who received tocilizumab. Frequencies of disability 
categories (with 0 indicating absent disability, 0 to <0.13 indi-
cating mild disability, 0.13 to  <0.63 indicating mild- to- moderate 
disability, ≥0.63 to 1.75 indicating moderate disability, and >1.75 
indicating moderate- to- severe disability) (23) and pain categories 
(≤35 mm indicating mild pain, >35 to 60 mm indicating moderate 
pain, and >60 mm indicating severe pain) (24) were evaluated over 
time. Changes in CHQ- P50 scores from baseline to week 104 
were determined in patients with systemic JIA.

Effects of disease duration and patient age at enrollment 
on changes in patient- reported outcomes (C- HAQ, CHQ- P50, 
pain VAS, well- being VAS) were investigated using longitudi-
nal mixed models. All analyses were performed using SAS version 
9.4.

RESULTS

Patients. In the systemic JIA trial, 112 patients were enrolled, 
with 75 randomly assigned to receive tocilizumab and 37 
assigned to receive placebo until week 12. Overall, 95 patients 
(85%) (75 from the tocilizumab arm and 20 from the placebo arm) 
transitioned to the open- label extension period. At baseline, mean 
disease duration in patients with systemic JIA exceeded 5 years, 
with marked disease activity as evidenced by the number of joints 
with active disease and the presence of fever in >40% of patients.

In the polyarticular JIA trial, 188 patients received open- 
label tocilizumab until week 16. At week 16, 163 patients (87%) 
had experienced a treatment response that met the ACR Pedi 
30 criteria and entered the double- blind period (weeks 16– 40), 
during which 82 patients were randomly assigned to continue 
tocilizumab and 81 were randomly assigned to receive placebo. 
Of 160 patients (85%) who completed the double- blind period, 
155 continued the open- label part of the study and received 

tocilizumab for up to 104 weeks. Patients with polyarticular JIA 
had active long- standing disease with a mean disease duration of 
>4 years and mean active joint count of ~20.

Baseline characteristics by randomization group. 
We calculated Cohen’s d values for continuous variables and 
Cohen’s w values for categorical variables to delineate important 
trends in differences between groups of patients with systemic 
JIA and patients with polyarticular JIA, respectively. At baseline, 
characteristics of patients with systemic JIA randomly assigned to 
the tocilizumab and placebo groups were generally comparable, 
but potentially relevant differences (Cohen’s d or w ≥0.20 ) were 
presented for the physician global VAS, CRP levels, age, number 
of joints with active arthritis, and disease activity (Table 1). Baseline 
characteristics for patients with polyarticular JIA treated with pla-
cebo after week 16 were generally similar for those who continued 
to receive tocilizumab, except for worse scores on the physician 
global VAS and well- being VAS as well as higher CRP levels in 
placebo- treated patients; there were also differences in weight, 
rheumatoid factor positivity, ESR, and disease activity (Table 1).

Changes within 12 weeks of therapy initiation in 
patients with systemic JIA treated with intravenous 
tocilizumab or placebo. Patients with systemic JIA receiv-
ing tocilizumab or placebo (plus standard care) improved from 
baseline to week 12 (Table 2). Trends toward more pronounced 
improvements in disability (C- HAQ), patient pain (pain VAS), patient 
well- being (well- being VAS), and all health concepts captured by 
the CHQ- P50 were observed favoring tocilizumab over placebo 
by week 12. After adjustment for baseline group differences, 
the mean ± SD change from baseline to week 12 in the C- HAQ 
reach domain was the only domain that significantly improved in 
the tocilizumab arm versus the placebo arm (P < 0.05) (Table 2). At 
week 12, improvements in social limitations due to physical func-
tion, behavior, mental health, and the CHQ- P50- PsS were signif-
icantly greater in patients with systemic JIA receiving tocilizumab 
than those receiving placebo (all P < 0.05, by ANOVA) (Table 2). 
There were no statistically significant differences between treat-
ment groups for pain VAS and well- being VAS scores at week 12.

Changes during the 16- week open- label treatment 
period in patients with polyarticular JIA receiving intra-
venous tocilizumab. Open- label tocilizumab treatment led 
to significant improvement in functional ability after 16 weeks of 
treatment. A significant reduction from baseline to week 16 was 
observed for the mean ± SD C- HAQ score (1.39 ± 0.74 at base-
line to 0.67 ± 0.65 at week 16; P < 0.001) (Figure 1A); mean 
scores for all individual C- HAQ domains were also significantly 
reduced from baseline to week 16 (all P < 0.001) with a minimum 
difference of 0.6 ± 0.9 for the walking domain. The mean pain 
VAS rating significantly decreased from 52.32 ± 26.94 at baseline 
to 21.23 ± 21.65 at week 16 (P < 0.001), and mean well- being 
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VAS score significantly improved from 52.91 ± 25.04 at baseline 
to 21.08 ± 21.06 at week 16 (P < 0.001) (Figure 1B).

Changes during the randomized placebo- controlled, 
double- blind period in patients with polyarticular JIA 
continuing tocilizumab versus those assigned to the 
placebo group. After 16 weeks of open- label tocilizumab, 
163 patients with polyarticular JIA were randomly assigned to 
receive placebo (n = 81) or continue treatment with tocilizumab 
(n = 82) until week 40 (Table 1). Despite withdrawing tocilizumab 
in the placebo group, no consistent trends in outcomes were 
observed between placebo- treated and tocilizumab- treated 
patients with polyarticular JIA during the placebo- controlled, 
double- blind period (weeks 16– 40) (Supplementary Table 1 
and Supplementary Figure 1, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24384/ abstract).

Improvement of disability from baseline to week 
104 in patients with systemic JIA and polyarticular JIA. 
Disability was markedly improved in patients with systemic JIA 
and polyarticular JIA in both studies, as assessed by functional 
ability using the C- HAQ (Figures 2A and B). Significant reduc-
tions from baseline to week 104 in mean ± SD C-HAQ score 
were observed in patients with polyarticular JIA (1.39 ± 0.74 at 
baseline to 0.28 ± 0.45 at week 104, representing a change of 
−1.09 ± 0.71; P < 0.001) and in patients with systemic JIA (from 
1.71 ± 0.8 to 0.58 ± 0.72, representing a change of −1.17 ± 0.80; 
P < 0.001). Statistically significant improvements in all domains of 
the C- HAQ were observed by week 104 in patients with systemic 
JIA or polyarticular JIA (P < 0.001).

Most patients with systemic JIA and patients with polyarticu-
lar JIA (86.6% and 81.4%, respectively) had moderate- to- severe 
disability at baseline (Figure 2C). Conversely, at week 104, normal 
functional ability (C- HAQ score of 0) was observed in 41 (43.2%) 

Table 2. Change in patient- reported outcomes by week 12 of therapy initiation in patients with systemic JIA*

Variable

Placebo  
(n = 37)

Tocilizumab  
(n = 75) Difference (placebo 

versus tocilizumab)  
LSM (95% CI)†Baseline Week 12 Change Baseline Week 12 Change

C- HAQ 1.7 ± 0.8 1.2 ± 1.0 – 0.5 ± 0.9 1.7 ± 0.8 0.9 ± 0.8 – 0.8 ± 0.7 – 0.2 (– 0.6, 0.1)
Activity 1.9 ± 1.0 1.3 ± 1.2 – 0.6 ± 1.1 1.9 ± 1.0 1.2 ± 1.1 – 0.8 ± 1.1 – 0.1 (– 0.6, 0.4)
Rising 1.5 ± 1.0 1.0 ± 1.1 – 0.5 ± 1.3 1.6 ± 0.9 0.8 ± 0.9 – 0.8 ± 1.0 – 0.2 (– 0.6, 0.2)
Dressing and grooming 1.8 ± 1.1 1.3 ± 1.2 – 0.6 ± 1.1 1.9 ±1.0 1.2 ± 1.0 – 0.7 ± 0.9 – 0.1 (– 0.6, 0.3)
Eating 1.2 ± 1.2 0.9 ± 1.0 – 0.3 ± 1.1 1.5 ± 1.1 0.6 ± 0.8 – 0.9 ± 1.1 – 0.2 (– 0.6, 0.1)
Grip 1.7 ± 1.0 1.1 ± 1.1 – 0.5 ± 1.2 1.8 ± 0.9 1.0 ± 1.0 – 0.8 ± 1.0 – 0.1 (– 0.6, 0.3)
Hygiene 1.7 ± 1.0 1.2 ± 1.2 – 0.5 ± 1.2 1.8 ± 1.0 1.0 ± 1.1 – 0.8 ± 1.0 – 0.3 (– 0.7, 0.2)
Reach 1.9 ± 1.1 1.5 ± 1.1 – 0.4 ± 1.1 2.0 ± 1.0 1.0 ± 0.9 – 0.9 ± 0.9 – 0.4 (– 0.8, 0)‡
Walking 1.6 ± 0.9 1.1 ± 1.1 – 0.5 ± 1.1 1.5 ± 1.0 0.8 ± 1.0 – 0.8 ± 0.9 – 0.4 (– 0.8, 0)

VAS, 100- mm
Pain VAS 53.5 ± 22.4 28.2 ± 27.2 – 25.3 ± 36.3 61.4 ± 24.0 22.3 ± 24.2 – 39.1 ± 27.4 – 5.5 (– 16, 5)
Well- being VAS 56.3 ± 21.2 29.4 ± 25.9 – 26.9 ± 32.4 60.3 ± 23.8 21.3 ± 21.9 – 39.0 ± 26.1 – 7.4 (– 17.1, 2.3)

CHQ- P50
Global health 37.4 ± 28.1 51.6 ± 22.0 16.0 ± 33.6 30.5 ± 25.7 59.5 ± 26.6 29.8 ± 30.0 8 (– 3.2, 19.3)
Physical function 35.0 ± 25. 6 56.2 ± 34.2 18.3 ± 26.6 35.0 ± 27.8 69.0 ± 29.6 35.1 ± 30.6 14.2 (0.5, 27.9)
Role/social limitation- 

physical
42.1 ± 30.2 66.2 ± 35.5 22.9 ± 35.4 41.1 ± 33.4 80.3 ± 26.6 39.1 ± 39.0 15.3 (2.3, 28.3)‡

Role/social limitation- 
emotional

51.5 ± 34.2 69.7 ± 34.5 13.9 ± 40.1 53.0 ± 34.2 82.7 ± 25.5 29.3 ± 38.6 12.2 (– 0.4, 24.8)

Bodily pain/discomfort 34.7 ± 19.9 54.9 ± 28.6 19.1 ± 28.7 30.3 ± 21.1 65.6 ± 26.1 35.0 ± 26.8 11.2 (– 0.6, 22.9)
Behavior 64.0 ± 14.7 61.4 ± 16.0 – 1.6 ± 14.9 63.7 ± 12.2 69.1 ± 12.1 5.6 ± 12.0 7.7 (1.8, 13.6)‡
Mental health 60.0 ± 15.7 66.4 ± 17.9 7.1 ± 17.6 63.1 ± 19.2 75.1 ± 17.6 12.7 ± 17.1 9.2 (1.5, 17)‡
Self- esteem 61.8 ± 20.9 69.7 ± 23.7 7.0 ± 22.8 60.6 ± 20.9 75.0 ± 18.8 15.1 ± 18.6 5.1 (– 3.8, 14.1)
General health 

perception
41.8 ± 13.9 45.1 ± 13.5 2.5 ± 11.0 42.2 ± 14.4 40.0 ± 15.0 – 2.1 ± 14.1 – 5.4 (– 11.8, 1.0)

Parental emotional 38.4 ± 20.4 52.8 ± 26.2 12.8 ± 27.4 39.4 ± 25.2 62.4 ± 25.6 22.9 ± 25.2 10.7 (– 0.6, 21.9)
Parental time 57.7 ± 26.5 69.0 ± 23.2 10.4 ± 31.0 60.6 ± 28.7 73.0 ± 29.1 12.5 ± 30.5 3.6 (– 8.5, 15.7)
Family activity 50.7 ± 22.3 65.0 ± 23.9 11.9 ± 28.7 59.7 ± 23.9 75.0 ± 25.5 15.5 ± 20.5 8.9 (– 2.1, 19.9)
Family cohesion 76.0 ± 19.9 69.2 ± 26.7 – 5.3 ± 20.8 70.3 ± 23.8 75.6 ± 22.2 5.4 ± 19.1 3.8 (– 6.4, 14.1)

CHQ- P50- PhS 19.5 ± 12.9 31.9 ± 17.0 10.8 ± 12.8 18.7 ± 13.8 37.0 ± 14.0 18.1 ± 15.1 5.5 (– 1.1, 12.2)
CHQ- P50- PsS 40.6 ± 8.6 43.6 ± 11.3 2.4 ± 10.6 41.4 ± 11.5 48.4 ± 9.3 7.3 ± 10.2 4.7 (0.3, 9.1)‡

* Values are the mean ± SD unless indicated otherwise. 95% CI = 95% confidence interval; C- HAQ = Childhood Health Assessment Questionnaire; 
CHQ- P50 = Child Health Questionnaire Parent Form 50; CHQ- P50- PhS = CHQ- P50 physical summary score; CHQ- P50- PsS = CHQ- P50 psychosocial 
summary score; JIA = juvenile idiopathic arthritis; LSM = least squares mean; VAS = visual analog scale. 
† Adjusted for baseline differences of physician global assessment of disease activity scores and C- reactive protein level between placebo and 
tocilizumab groups. 
‡ P < 0.05, by analysis of variance. 
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of 95 systemic JIA patients and 88 (56.8%) of 155 polyarticular JIA 
patients compared to 3 (2.7%) of 112 systemic JIA and 9 (4.8%) 
of 188 polyarticular JIA patients at baseline. There were few cases 
of mild disability (0.9% and 9.8%) and mild- to- moderate disabil-
ity (2.1% and 11.7%). Mild, mild- to- moderate, and moderate- 
to- severe disability were reported at week 104 in 5.3%, 16.8%, 
and 34.7% of 112 patients with systemic JIA, respectively, and 

7.1%, 18.7%, and 17.4 % of 188 patients with polyarticular JIA, 
respectively.

Reduction of patient pain and improvement of 
patient well- being at week 104 in patients with systemic 
JIA and polyarticular JIA. Improvements on the well- being 
VAS and pain VAS were observed in patients with systemic JIA 
(Figure 3A) and patients with polyarticular JIA (Figure 3B) treated 
with tocilizumab over 2 years. The mean ± SD well- being VAS 
scores improved by 87.6% in patients with systemic JIA (from 
59.0 ± 22.9 at baseline to 7.3 ± 10.9 at week 104, representing 
a change of −51.53 ± 23.57). Similarly, mean ± SD well- being 
VAS scores improved by 83.4% in patients with polyarticular 
JIA (from 52.9 ± 25.0 to 8.8 ± 16.7, representing a change of 
−43.76 ± 26.61). Mean ± SD scores on the pain VAS improved 
by 87.6% in patients with systemic JIA (from 58.8 ± 23.7 to 
7.3 ± 11.8, representing a change of −51.26 ± 26.79) and by 
81.3% in patients with polyarticular JIA (from 52.3 ± 26.9 to 
9.8 ± 18.2, representing a change of −41.56 ± 31.06).

Changes in pain categories over time are shown (Figure 3C). 
At baseline, mild, moderate, and severe pain was experienced 
by 16.1%, 33.0%, and 50.9% of systemic JIA patients, respec-
tively, and 28.9%, 25.7%, and 45.5% of polyarticular JIA patients, 
respectively. Improvements from baseline in scores on the pain 
VAS at week 104 resulted in a shift to most patients with sys-
temic JIA and patients with polyarticular JIA experiencing mild 
pain (96.8% and 92.9%, respectively) and few systemic JIA 
patients and polyarticular JIA patients experiencing moderate pain 

Figure 1. Improvements from baseline (black) to week 16 (gray) in 
functional ability (A) and assessments of overall well- being and pain 
(B) in patients with polyarticular juvenile idiopathic arthritis receiving 
open- label intravenous tocilizumab treatment. Patient overall well- 
being and patient pain were measured on a 100- mm visual analog 
scale, with higher scores indicating poorer well- being and more 
severe pain. Error bars show the mean ± SD. * = P < 0.001, by 
analysis of variance. CHAQ = Childhood Health Assessment 
Questionnaire.
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(2.1% and 3.2%, respectively) and severe pain (1.1% and 3.9%, 
respectively).

CHQ- P50 health concepts and summary score 
changes in patients with systemic JIA at week 104. In 
patients with systemic JIA, tocilizumab therapy was associated 
with significant improvements in HRQoL from baseline to week 
104 (Supplementary Table 2, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24384/ abstract). There was significant improvement in 11 
CHQ- P50 health concept scores and in PhS and PsS scores 
(P ≤ 0.002). Tocilizumab therapy had no significant benefits on 
general health (P = 0.555) or family cohesion (P = 0.097). There 
was significant improvement in the CHQ- P50 health concepts 
parental emotional, parental time, and family activity (P < 0.001). 
Mean ± SD scores on the CHQ- P50- PhS increased by 119%, from 
18.9 ± 13.5 at baseline to 41.4 ± 14.1 at week 104 (P < 0.001); 
the mean ± SD score on the CHQ- P50- PsS improved to a lesser 
degree (21%), from 41.1 ± 10.6 at baseline to 49.9 ± 10.3 at 
week 104, but remained statistically significant (P < 0.001).

Clinical parameters influencing health status at 
week 104 of the study. Patient disability (C- HAQ), pain (pain 
VAS), and well- being (well- being VAS) at the follow- up visits 
through week 104 in patients with polyarticular JIA and sys-
temic JIA were examined with selected baseline characteris-
tics (Supplementary Table 3, available on the Arthritis Care & 

Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24384/ abstract). In polyarticular JIA patients, younger age 
(P = 0.05) and shorter disease duration (P = 0.01) at tocilizumab 
initiation were independent predictors of C- HAQ score over 
time through week 104. Fever at baseline was not an important 
predictor for the aforementioned outcomes. Absence of disabil-
ity (C- HAQ score of 0) at follow- up visits was more likely among 
polyarticular JIA patients with shorter disease durations than 
those with longer disease durations. For each 1- year increase 
of disease duration, the C- HAQ score was predicted to be 
0.025 higher than average. Scores on the pain VAS (P = 0.01), 
but not the well- being VAS, were associated with age, and dis-
ease duration had little impact on pain VAS and well- being VAS 
scores in polyarticular JIA patients at week 104.

Among patients with systemic JIA, disease duration 
(P < 0.001), but not age at tocilizumab initiation, predicted dis-
ability (as assessed by the C- HAQ) at follow- up visits. Patients 
with shorter disease durations were significantly more likely to 
experience no disability than those with longer disease durations. 
For each 1- year increase of disease duration at baseline, C- HAQ 
scores increased by 0.095 on average (P < 0.001).

DISCUSSION

We evaluated the effects of tocilizumab therapy on func-
tional ability and HRQoL in patients with systemic JIA or poly-
articular JIA enrolled in clinical trials investigating the effects of 

Figure 3. Patient- reported outcomes at baseline and week 104 for patients with systemic juvenile idiopathic arthritis (sJIA) (A) or polyarticular 
juvenile idiopathic arthritis (pJIA) (B). C, Proportions of patients with systemic or polyarticular JIA who had mild, moderate, or severe pain at 
baseline and week 104. * = P < 0.001, by paired t- test. Error bars show the mean ± SD. VAS = visual analog scale.
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intravenous tocilizumab (7,10). Functional ability, pain, and other 
patient- reported outcomes improved significantly over 104 weeks 
of biweekly intravenous tocilizumab infusion for patients with sys-
temic JIA and infusions every 4 weeks for patients with polyarticu-
lar JIA. Therefore, in addition to previously reported improvements 
in the rates of clinical remission and improvements according to 
the ACR Pedi 30 criteria (7,26), these findings show that tocili-
zumab therapy yields marked improvement in HRQoL, irrespec-
tive of the measure used.

The burden associated with JIA is wide- ranging and 
impacts many aspects of the lives of patients and their caregivers/
families, as well as society in general, in terms of health care cost 
and utilization (4,11,17). Parental emotional aspects of patient 
health, such as the amount of distress experienced by the parent/
caregiver because of the physical health, emotional well- being, 
need for attention, and learning ability of their child, were substan-
tial in this systemic JIA population at baseline (25). Although the 
CHQ- P50 was not completed in the polyarticular JIA trial, we may 
deduce that marked improvements in a wide range of aspects of 
HRQoL, as were observed with systemic JIA, also are present with 
polyarticular JIA, given similar changes in the ratings in well- being 
and pain in the systemic JIA and polyarticular JIA populations.

Children with JIA experience disability and profoundly 
reduced HRQoL (2,3,12), with no apparent gender differences 
in self- reporting of HRQoL. This was confirmed by baseline dis-
ease characteristics in our study because most patients had at 
least moderate disability (23), severe pain (24), and markedly 
reduced HRQoL (CHQ- P50- PhS) (22,25).

Studies evaluating patients with systemic JIA have focused on 
traditional outcomes of joint and systemic inflammation within 12 
weeks of intravenous tocilizumab initiation and reported marked 
clinical improvement (7,10). We observed improvements in the 
placebo and tocilizumab arms. Tocilizumab escape therapy was 
allowed based on presence of disease flare. In addition, because 
no data imputation was performed, improvement in the remain-
ing placebo- treated patients might be explained by the fact that 
background therapy, which included glucocorticoids in 84% of 
placebo- treated patients, was continued (7). Another explana-
tion might be the prospect of obtaining access to new medica-
tions (i.e., a true placebo effect).

Despite trends favoring tocilizumab treatment, there were a 
few important differences in patient- reported outcomes between 
the placebo and tocilizumab groups at week 12 in patients with 
systemic JIA (Table 2), suggesting that identifying treatment- 
related improvements in HRQoL outcomes may require a longer 
follow- up period than what is traditionally used in systemic JIA. 
Significant differences were observed at week 12 in improvement 
for 3 health concepts (role/social limitation– physical, behavior, 
and mental health) measured by the CHQ- P50 in patients with sys-
temic JIA treated with intravenous tocilizumab and those receiv-
ing placebo, albeit with small absolute differences. With respect 
to C- HAQ disability, only the reach domain significantly improved 

with tocilizumab treatment compared to placebo by week 12 in 
patients with systemic JIA. This might have been because this 
C- HAQ domain was among the most affected (highest mean 
C- HAQ domain score) at baseline. Notably, C- HAQ, as a mea-
sure of physical function, improved markedly in systemic JIA and 
polyarticular JIA patients, with a substantial proportion of patients 
showing no disability at 104 weeks. Nonetheless, systemic JIA 
patients treated with tocilizumab for 104 weeks failed to attain 
CHQ- P50 concept levels that would be expected in healthy indi-
viduals (25). This is also true for systemic JIA patients achieving 
clinical remission, suggesting a longstanding negative impact of 
the disease or its associated treatment on HRQoL (28). Although 
frequent intravenous infusions (every 2 weeks for patients with 
systemic JIA) could negatively influence HRQoL outcomes, sub-
cutaneous administration of tocilizumab might be associated 
with more robust improvements.

Based on the most recent work by Outcome Measures in 
Rheumatology (OMERACT), families of children with JIA are con-
cerned about pain and demand that medications truly attenuate 
the chronic pain associated with active JIA (29). Our analysis 
revealed that most patients with polyarticular JIA and systemic 
JIA who participated in the trials of intravenous tocilizumab 
had moderate- to- severe chronic pain resulting from the disease 
at baseline. Tocilizumab treatment conferred significantly reduced 
pain/discomfort in systemic JIA and polyarticular JIA patients at 
week 104, with >90% of patients reporting mild pain.

Similarly, well- being of patients with polyarticular JIA and sys-
temic JIA was improved by >85% over the 104- week study period. 
Improvement in well- being was observed even though there 
was likely a “response shift” in which perceptions of well- being 
changed over time as an adaptation to, for example, changes in 
health state or treatment (30– 32). Therefore, changes reported in 
this analysis might be a conservative estimate of improvement in 
patient well- being with tocilizumab treatment.

Another notable finding of our study was that patient- 
reported outcomes among patients exposed to placebo during 
the double- blind, placebo- controlled period of the polyarticular 
JIA trial did not significantly differ from those of patients who 
continued therapy with intravenous tocilizumab (Supplementary 
Table 1 and Supplementary Figure 1, available on the Arthri-
tis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24384/ abstract). This might have occurred 
because of a time delay in the changes in patient- reported 
outcomes compared to traditional JIA outcomes and may pro-
vide additional support for a randomized withdrawal design to 
study medication efficacy in JIA.

Mounting evidence has suggested that early initiation of effec-
tive therapy is associated with better outcomes in JIA (33– 35). 
Our analyses confirm that duration of polyarticular JIA or systemic 
JIA at the time of tocilizumab initiation is an important predictor 
of patient disability after 2 years of tocilizumab therapy. Because 
all patients enrolled in the TENDER and CHERISH trials had 
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a minimum disease duration of 6 months, additional research is 
needed to evaluate the use of tocilizumab as a first- line therapeutic 
option for children with active systemic JIA or polyarticular JIA.

Potential limitations of the present study include the lack of 
comparative placebo data for the 104- week end points. Placebo 
exposures in polyarticular JIA and systemic JIA studies are gen-
erally short given the severity of these conditions. Differences in 
select baseline characteristics between the tocilizumab and pla-
cebo groups in the systemic JIA and polyarticular JIA trials might 
have impacted the results, although analyses were corrected for 
these differences. CHQ- P50 was not assessed in the polyarticu-
lar JIA trial, and these data were available only for patients with 
systemic JIA. Furthermore, we cannot exclude that improvements 
in patient- reported outcomes occurred earlier than week 104 
because that data were unavailable.

In conclusion, treatment with intravenous tocilizumab sig-
nificantly diminished patient disability and pain and significantly 
improved many aspects of HRQoL for patients with systemic JIA 
as well as patients with polyarticular JIA over 104 weeks in the 
present study.
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Early Joint Replacement in Juvenile Idiopathic Arthritis: 
Trend Over Time and Factors Influencing Implant Survival
Achille Marino,1  Irene Pontikaki,2 Marcello Truzzi,2 Alessandra Menon,3 Carolina Artusi,2 Marco Di Marco,2 
Pietro S. Randelli,4 Rolando Cimaz,4 and Roberto Viganò2

Objective. To describe early prosthesis implantations in a cohort of patients with juvenile idiopathic arthritis (JIA) 
followed in a tertiary referral hospital and to analyze possible factors influencing implant survival.

Methods. This was a retrospective cohort study. Charts of all patients with JIA who underwent total joint 
replacement at Gaetano Pini Hospital, Milan, Italy from January 1992 to June 2019 were retrieved, and relevant data 
were analyzed.

Results. Eighty- five patients met the inclusion criteria for this study, with a median follow- up period of 17.2 years. 
The median age at first prosthesis was 22.7 years. The total number of replaced joints was 198 over a period of 27 
years. The hip was the most frequently replaced joint, accounting for almost two- thirds of the total number of implants; 
the other one- third refers mostly to knee implants. Polyarticular JIA and systemic JIA were the most represented JIA 
categories in the study cohort. A significant upward trend of the age at arthroplasty and of disease duration before 
arthroplasty over decades was found. The rates of implant survival at 5, 10, and 15 years were comparable (from 84% 
to 89%); 50% of implants lasted ≥20 years.

Conclusion. We reported retrospective data on early joint replacement in a cohort of patients with JIA. We observed 
a progressive and significant upward trend of both age at arthroplasty and disease duration before the first arthroplasty 
over time. The JIA category, year of implant, and presence of complications significantly affected implant survivorship.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic 
rheumatic condition in childhood, with a prevalence ranging 
between 16 and 150 per 100,000. JIA is not a single disease, but 
includes all arthritides starting before 16 years, lasting for >6 weeks 
and of unknown etiology (1). JIA has always been considered an 
important cause of short-  and long- term disability, especially in the 
past when many patients failed to respond to medical treatment 
and required surgical management up to joint replacement.

The ideal goal of therapy is to achieve the status of inac-
tive disease and to prevent joint damage. However, reaching 
and maintaining this goal is not easy, especially for certain JIA cat-
egories such as polyarticular and systemic JIA, which are at high 
risk of joint damage (2).

Over the last decades, progress in knowledge of dis-
ease pathogenesis and the availability of new therapies act-
ing on specific targets have led to a significant improvement in 

the management of JIA. Even if the rate of arthroplasty among 
patients with JIA is decreasing (3), some patients may still show 
persistent disease activity, leading to joint deformity, with the need 
to replace their damaged joints. When medical therapy fails, total 
joint replacement represents the standard treatment to obtain 
pain relief associated with a better functional outcome. Indeed, 
joint arthroplasty is considered the only solution for those patients 
with JIA with severely damaged joints going into adulthood, when 
full growth has been reached.

Surgery in patients with JIA is challenging for multiple rea-
sons. Due to the young age at arthroplasty, patients’ adherence is 
not always easy to obtain. Patients’ adherence influences both the 
preoperative management and the recovery phase, and patients’ 
education is crucial for a good outcome. The inflammatory nature 
of the disease may compromise bone quality and therefore con-
dition the surgical approach, with negative consequences on 
implant survival in the short and long term (4). Furthermore, par-
ticular attention should be given to the perioperative management 
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of the immunosuppressive therapy, according to current recom-
mendations (5).

Here we describe a cohort of patients with JIA followed in 
a tertiary referral hospital who underwent total joint replacement 
over a period of 27 years. We analyzed possible factors influenc-
ing implant survival, including medical therapy and surgical tech-
nique improvements over time.

PATIENTS AND METHODS

This was a retrospective cohort study, with patients enrolled 
at Gaetano Pini Hospital, Milan, Italy from January 1992 to June 
2019. Inclusion criteria were all patients with JIA who underwent 
total joint replacement followed in our institute. Patients had to 
be diagnosed with JIA according to the International League of 
Associations for Rheumatology criteria (6) and to be followed for 
at least 1 year after the first surgical procedure. Exclusion criteria 
were the presence of another chronic disease that may alter the 
outcome of implants (e.g., chronic renal insufficiency and meta-
bolic disease impacting bone quality); patients without sufficient 
data were also excluded.

Initially, 94 patients were identified, 9 of whom were then 
excluded: 6 had a diagnosis of rheumatoid arthritis, 2 were diag-
nosed with adult- onset Still’s disease, and 1 patient with JIA did 
not have sufficient data to be analyzed.

Data extracted from medical charts were collected in a cus-
tomized database; these included demographic information, JIA 
category, age at disease onset, biologic treatment before implant 
and duration, glucocorticoid therapy (ever and at the time of sur-
gery), use of disease- modifying antirheumatic drugs (DMARDs; 
ever and at the time of surgery), number of implants for each 
patient, date of arthroplasty, age and disease activity at the time of 
surgery (abstracted from the last rheumatology evaluation within 
3 months before surgery), and the replaced joint. Implant informa-
tion included type, i.e., whether regular (first implant prosthesis), 
customized (individually tailored), or hybrid (a combination of regu-
lar implant and revision of 1 component), revision date if available, 
prosthesis complications if any, and date of the last orthopedic 
follow- up.

A multidisciplinary team, including rheumatologists and ortho-
pedic surgeons expert in inflammatory arthritis, had assessed  
the eligibility for total joint replacement, the best timing for sur-
gical procedure, and the perioperative management of medical 
therapy. The primary aim of the study was to describe our cohort, 
including patients’ demographic and clinical features along with 
the number and type of implants. Secondary objectives included 
outcome measures such as the rate of complications and implant 
survival, along with the identification of possible differences over 
27 years in terms of age at arthroplasty, disease duration before 
implant, number of complications, and number of revisions.

Complications were defined as follows: intraoperative frac-
ture, periprosthetic local or systemic infections, wound dehis-
cence, and prosthesis aseptic mobilization. The latter refers to 
the wear of implant components that may cause the loosening 
of the connection between bone and prosthesis and the conse-
quent mobilization of the prosthesis itself. Implant survival was 
defined as the time interval between the date of prosthesis and 
revision, if any, or of the last orthopedic evaluation in the presence 
of a functionally efficient prosthesis.

Statistical analysis was performed using GraphPad Prism 
software, version 6.0, and SAS software, version 9.4. Contin-
uous variables were expressed as the mean ± SD or medians 
and first and third quartiles, as appropriate. The Shapiro- Wilk 
normality test was used to evaluate the normal distribution of 
the sample. The differences among groups of implants accord-
ing to the year of surgery were evaluated with 1- way analysis of 
variance or a Kruskal- Wallis t- test, according to the characteris-
tics of the data distribution. When significant interaction effects 
were found, Dunn’s multiple comparisons test was applied as 
a post hoc test for multiple comparisons of groups. Categori-
cal variables were expressed in numbers of cases and frequen-
cies. Implant survival was represented by a Kaplan- Meier curve; 
factors predicting survival were identified fitting Cox regres-
sion models. For all analyses, the significance level was set at P 
value less than 0.05.

RESULTS

Patient features and prosthesis data. Eighty- five 
patients met the inclusion criteria for this study, with a median 
 follow- up of 17.2 years (mean ± SD 18.1 ± 8.22 years). 
The majority of patients were female (65%). The median age at 
first prosthesis was 22.7 years (mean ± SD 25.1 ± 6.9 years): 30 
patients had the first arthroplasty at age <20 years, 41 patients 
between the ages of 20 and 30 years, and 14 patients at age 
>30 years; only 3 patients had the first arthroplasty at age >40 
years, with the oldest age 46.5 years; the youngest patient 
had the first implant at age 14.3 years. The total number of 
replaced joints was 198 over 27 years (Figure 1); 78% of patients 
received >1 implant, with the majority receiving 2 arthroplasties 
(2 arthroplasties for 38 patients, 3 arthroplasties for 9 patients, 4 

SIGNIFICANCE & INNOVATIONS
• This was one of the largest studies of total joint 

replacement in juvenile idiopathic arthritis (JIA) 
 patients.

• The long follow- up period allowed us to detect chang  es 
over time in the age at first arthroplasty and disease 
duration before the surgical procedure.

• We observed a significant upward trend over de-
cades of the age at arthroplasty and of disease  
duration before arthroplasty.

• JIA category, year of surgery, and the presence of 
complications significantly affected implant survival.
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arthroplasties for 19 patients). Clinical features and implant data 
are reported in Table 1.

Polyarticular JIA and systemic JIA categories were the most 
represented in the study cohort, followed by oligoarticular JIA; 

very few patients had psoriatic JIA and enthesitis- related arthritis 
(4 and 3 patients, respectively), and just 1 patient was diagnosed 
with undifferentiated arthritis. As expected, patients with polyar-
ticular JIA and systemic JIA accounted for the higher number of 
implants (88 and 62, respectively) (Table 1).

There were no significant differences among the JIA catego-
ries in terms of age at arthroplasty, disease duration before sur-
gical procedure, number of implants, and rate of complications. 
In the whole cohort, the median disease duration before the first 
implant was 17.4 years; patients with systemic JIA had shorter 
disease duration at first implant, in particular when compared to 
patients with polyarticular JIA (15 versus 19.0 years). The overall 
rate of complications was 13% (25 arthroplasties in 20 patients). 
Patients with systemic JIA accounted for approximately one-half  
of those having complications; of note, all surgery- related infec-
tions occurred among patients belonging to this category. Thir-
teen implants of 11 patients were revised; all implants had a 
complication before undergoing revision.

The hip was the most frequently replaced joint, accounting 
for almost two- thirds of the total number of implants in the study 
cohort; the other one- third refers mostly to knee implants. Eight 
patients underwent total ankle replacement (3 patients with oligoar-
ticular JIA, 3 with polyarticular JIA, and 2 with systemic JIA) usually 
after having undergone other arthroplasty procedures. Three of 
those patients had both ankles replaced (2 patients with systemic 
JIA and 1 with polyarticular JIA). No implant complications were 
recorded. The hip was also the first replaced joint in 70 patients 
(83%). The rate of custom and hybrid implants was low, and regu-
lar prostheses were preferred in almost 80% of arthroplasties.

Furthermore, we investigated the medication history of each 
patient. We collected data on steroid treatment in terms of “ever 
use of steroids” before first prosthesis and “use of steroids at 
the time of surgery” with relative dosage (mg of prednisone/day). 
The majority of patients received steroids over their disease course: 

Figure 1. Arthroplasties performed per year.

Table 1. Patient clinical features and implant data*

Feature Value
Total number of patients (female/  

male)
85 (55/30)

JIA category, no.
Oligoarticular 16
Polyarticular (7 RF- positive patients) 37
Systemic 24
Other 8

Age at first arthroplasty, median 
(mean ± SD, range) years

22.7 (25.1 ± 6.9, 
14.3– 46.5)

Disease duration at first arthroplasty, 
median (mean ± SD, range) years

17.4 (18.6 ± 8.1, 
1.88– 43.7)

Follow- up, median (mean ± SD, range) 
years

17.2 (18.1 ± 8.2, 2.0– 42.5)

Arthroplasties, no. 198
Patients with >1 arthroplasty, no. 66
Location of arthroplasty, no.

Hips 121
Knees 66
Ankles 11

Type of arthroplasty, no.
Regular 156
Custom 6
Hybrid 31
Unknown 5

Arthroplasty complications, no.
Intraoperative fracture 8
Periprosthetic joint or systemic 

infection
3

Wound- related issues 0
Aseptic mobilization 14

Revisions, no. 13 (9 hips, 4 knees)
Whole cohort implant survival, median 

(mean ± SD, range) years
9.5 (10.0 ± 6.6, 0.1– 25.6)

* JIA = juvenile idiopathic arthritis; RF = rheumatoid factor. 
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52 of 70 patients who had information on drug use available. The 
rate of steroid use was higher in the systemic JIA group than in 
the polyarticular JIA group (82% and 69%, respectively). Steroids 
were used at the time of surgery in 53 cases from 39 patients for 
whom data were available. The average dose of prednisone was 
higher in patients with polyarticular JIA rather than in those with 
systemic JIA (mean ± SD 7.5 ± 6.0 mg versus 5.1 ± 3.2 mg). In all, 
80% of patients in our cohort received DMARDs, which were used 
at the time of surgery in 84 cases from 39 patients.

With regard to biologic therapy, 30 patients had received at 
least 1 biologic drug before the first arthroplasty, with a median 
disease duration before the introduction of the drug of 11.33 years 
(range 0.3– 34.3 years). The median biologic duration until the first 
arthroplasty was 4 years. Of the remaining patients, 27 did not 
receive any biologic, and for 28 subjects, data regarding biologic 
drug history were not available.

Arthroplasty trend over time. We sought to investigate 
differences among implant features over 27 years. To do so, we 
grouped all arthroplasties by the year of surgical procedure: 28 
implants were performed before 2000 (group A), 94 implants 
between 2000 and 2010 (group B), and 76 implants after 2010 
(group C). Then we compared the groups in terms of age at 
arthroplasty, disease duration before the implant, the number of 
complications, and the number of revisions (Figure 2). A significant 
difference of the age at arthroplasty was found between group A 
and group B (21.93 versus 26.82 years; P = 0.02) and between 
group A and group C (21.93 versus 27.81 years; P = 0.00). The 
same upward trend was found with regard to disease duration 
before arthroplasty, with a significant difference between group A 

and group B (16.98 versus 21.66 years; P = 0.02) and between 
group A and group C (16.98 versus 22.93 years; P = 0.00). There 
were no significant differences between group B and group C. 
Furthermore, no significant differences were found among groups 
in term of the number of complications or revisions.

Implant survival. The rates of implant survival at 5, 10, 
and 15 years were comparable, ranging between 84% to 89%, 
whereas approximately one-half of eligible implants lasted ≥20 
years (Figure 3). Survival rates are shown in Table 2. Hip and 
knee implants had similar survival rates over time. Patients 
with systemic JIA showed lower survival rates at 10, 15, and 
20 years compared to patients with polyarticular JIA. Further-
more, we investigated the presence of any factor influencing 
implant survival. Sex, JIA category, age at disease onset and at 
arthroplasty, number of prostheses for each patient, year of sur-
gery, ordinal number of the implant (first, second, etc.), disease 
duration before arthroplasty, replaced joint, type of implant, the 
presence of complications, and disease activity before surgery 
were analyzed. In multivariate analysis, the year of surgery was 
found to be significantly related to implant survival (hazard ratio 
[HR] 1.004 [95% confidence interval (95% CI) 1.0002– 1.0006]; 
P < 0.001), as well as the presence of complications (HR 3.69 
[95% CI 1.82– 7.48]; P < 0.001). Furthermore, JIA categories 
influenced implant survival, since prostheses of patients with 
rheumatoid factor (RF)– negative polyarticular JIA had a higher 
possibility to last longer than those of patients with systemic 
JIA (HR 0.23 [95% CI 0.09– 0.53]; P = 0.00), as well as implants 
of all polyarticular JIA (RF positive and negative together) com-
pared to systemic JIA (P < 0.001).

Figure 2. Differences among 3 groups according to the year of surgery. y = year.
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Factors related to medical treatment were not included in 
the multivariate analysis due to the high number of missing data; 
univariate analysis was then performed. The results of this analysis 
showed that the duration of biologic therapy before implant and 
the use of steroids at the time of surgery had an impact on implant 
survival. In fact, a longer treatment duration with biologic therapy 
before arthroplasty was found to be a predictor of poor implant 
survival (HR 1.17 [95% CI 1.02– 1.36]; P = 0.02), whereas steroid 
treatment at the time of the surgical procedure was found to be a 
favorable predictor for implant outcome (HR 0.32 [95% CI 0.14– 
0.72]; P = 0.00).

DISCUSSION

Patients with JIA may need complete replacement of severely 
damaged joints, and considering the inflammatory nature of the 
disease, the patients need to be treated by orthopedic surgeons 
specialized in dealing with these particular types of cases. We 
reported retrospective data on early joint prostheses in a JIA 
cohort of 85 patients over a period of 27 years. Almost all patients 
had the first arthroplasty before age 40 years, with a median age 
of 22.7 years. The hip was the most replaced joint, highlighting 
both the frequency of its involvement in JIA and its fragility.

Three- fourths of patients included in this study belonged to 
polyarticular and systemic JIA subsets. Patients with systemic JIA 
showed shorter disease duration before surgery when compared to 
patients with polyarticular JIA (15 versus 19 years), highlighting the 
severity of this JIA category. The overall rate of complications was 

low (13%): aseptic mobilization was the most frequent, followed by 
intraoperative fractures. Interestingly, patients in the systemic JIA 
category accounted for almost one-half of those with complications, 
although there was no significant difference among JIA subsets. A 
very low number of prosthesis revisions was observed; systemic 
JIA, once again, accounted for approximately one-half of them.

We observed a progressive and significant increase of both 
age at arthroplasty and disease duration before the first arthro-
plasty over time (Figure 2). Indeed, those patients treated before 
2000 were younger (up to 6 years) at the time of surgery and 
had a shorter disease duration (up to 6 years) than those treated 
after 2000. No significant differences were detected between the 
2 groups of patients after 2000. Interestingly, the first anti– tumor 
necrosis factor drug, etanercept, was licensed by the European 
Medicines Agency in 2000 as well.

Our data are in agreement with those reported in a recent US 
population- based study performed in patients with inflammatory 
arthritis, where the rate of arthroplasty decreased by nearly 50% 
from 1991 to 2005 (0.22 per 100,000 versus 0.13 per 100,000), 
with a concomitant increase in age at the time of arthroplasty (30.9 
versus 36.7 years) (3). The overall outcome of patients included in 
this study was good in terms of low rate of complications and 
implant survival.

Recently, Swarup et al reported survival data of 97 hip 
implants from 56 patients with JIA, with a median follow- up of 12 
years and an average age at arthroplasty of 22 years. The retro-
spective analysis was conducted between 1982 and 2011. The 
survival rates of implants at 5, 10, and 20 years (96%, 84%, and 
50%, respectively) were very similar to our findings. Of note, we 
reported a higher survival at 15 years (86% versus 62%) (4).

In 2014 Heyse et al investigated the outcome of 349 knee 
implants of 219 patients with JIA recruited in 5 hospitals between 
1979 and 2011, with a median follow- up of 12 years. The average 
age at surgery was 29 years. The survival rate at 10 years was 
comparable to ours (95%), whereas 82% of implants reached 20 
years of survival compared to our 50% (7). A monocentric retro-
spective study involving 34 knee implants of 20 patients with JIA 
reported a 20- year survival of 58% (8).

Although very few patients received total ankle replacement, 
the outcome of these implants (50% reached the target survival) 

Figure 3. Kaplan- Meier survival curve of implants. A, all implants; 
B, blue line: hip implants; red line: knee implants.

Table 2. Implant survival raw rates, sorted for replaced joint and 
JIA category*

Category 5 years 10 years 15 years 20 years
Hips 91/99 (92) 62/71 (87) 44/51 (86) 10/19 (53)
Knees 47/54 (87) 30/35 (86) 13/17 (76) 3/6 (50)
Ankles 2/4 (50) NA NA NA
Polyarticular JIA 68/72 (94) 43/44 (98) 25/27 (93) 8/9 (89)
Systemic JIA 45/53 (85) 30/41 (72) 18/23 (78) 4/12 (33)
All cohort 140/157 

(89)
92/106 

(87)
57/68 (84) 13/25 (52)

* Values are the number/total number (%). JIA = juvenile idiopathic
arthritis; NA = not applicable. 
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reflected data reported in literature (9). Patients who underwent total 
joint replacement more recently showed an improved implant sur-
vival; this improvement may be due to several reasons. The improve-
ments in medical therapy likely allowed a better bone quality at the 
time of surgery. Moreover, surgical advancements over almost 3 
decades are not negligible. First, surgical instrument upgrading 
allowed reduction in the length and invasiveness of the procedure, 
with positive consequences for patient recovery. Also, the improve-
ment of implant design (bone interface architecture) and materials 
(availability of titanium components) contributed to implant survival 
(Figure 4). Lastly, the improvement over time of surgical skills of the 
same team, despite being unquantifiable, is indisputable.

Among JIA categories in this cohort, patients with systemic 
JIA showed worse implant survival when compared to patients 
with polyarticular JIA. This difference may reflect not only the 
overall burden of joint inflammation in systemic JIA but also its 
challenging treatment that, given the use of glucocorticoids, often 
alters the bone quality, impacting the outcome of implants. In 
our cohort, indeed, patients with systemic JIA more frequently 
received steroids than patients with polyarticular JIA, even if this 
difference was not statistically significant.

As expected, the presence of complications was found to 
negatively affect implant survival; in our experience, aseptic mobi-
lization was the most frequent problem, followed by intraoperative 
fracture. This finding highlights the importance of bone quality for 
the stability of the prosthesis over time.

We tried to understand the possible impact of treatment on 
the prosthesis outcome. We found that longer biologic treatment 
was associated with shorter implant duration. This result might be 
explained by the assumption that patients who need prolonged 

treatments, often switching several biologics, are the most difficult 
to treat. Therefore, their medical history might impact the long-term 
results of total joint replacement. Interestingly, steroid treatment at the 
time of surgery was found to be a protective factor for implant survival.

So far, studies on arthroplasty in JIA have mostly expressed 
the orthopedic point of view, without considering the possibility 
of different medical therapeutic strategies impacting the implant 
outcome. Multicentric retrospective studies, although benefit-
ting from large numbers and therefore having more generaliz-
able results, carry intrinsic limitations: different medical treatment 
strategies and, most importantly, different surgical approaches. 
Indeed, Heyse et al reported a large number of knee arthroplas-
ties (219 patients and 349 knee implants) among patients with 
JIA recruited from 5 hospitals (4 from the US and 1 from Belgium) 
with different surgical teams and approaches (7). On the other 
hand, monocentric studies have lower numbers, and therefore 
abstracting any conclusion might be risky. Examples are the 
study by Swarup et al on total hip replacement (56 patients and 
97 implants) (4) and the experience of Malviya et al with knee 
arthroplasty (20 patients and 34 implants) (8).

Moreover, looking at implant survival, the follow- up time of 
the studies is crucial. Indeed, the average follow- up of the studies 
by both Heyse et al (7) and Swarup et al (4) is lower than ours 
(12 years versus 18 years), while our median follow- up is com-
parable to the one reported by Malviya et al (16 versus 17 years) 
(8). Here we report the experience with total joint replacement of 
patients with JIA in a tertiary center, where both rheumatologic 
and orthopedic competencies are combined for comprehensive 
care. Before undergoing surgery, the majority of patients with JIA 
included in this study were followed by the rheumatology unit, with 

Figure 4. Evolution of cementless total knee arthroplasty over time. A, 1990s: polyethylene tibial component and metal alloy femoral part;  
B, 2000s; and C, 2010s: titanium tibial component and metal alloy femoral part with a different design of bone- implant interface.

A B C
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a comparable medical treatment approach among all patients. 

Looking at the orthopedic side, in addition to the large surgical 

experience for rheumatic patients, another advantage in our study 

is that patients have been treated by the same orthopedic team 

over the years, with a uniform learning curve and comparable 

surgical approach. This uniformity led us to avoid possible biases 

such as different surgical procedures and different quality of sur-

gical teams.

Furthermore, in this highly specialized setting, the indication 

of total joint replacement is driven by both an orthopedic physi-

cian with proven expertise with rheumatic patients and the treating 

rheumatologist. Another study factor is that we not only looked at 

implant survival, but with a prolonged follow- up we could investi-

gate and detect trends over time in terms of implant survival, dis-

ease duration before first arthroplasty, and age at first arthroplasty.

Limitations of the study are intrinsic in its retrospective nature, 

which may lead to possible selection and data collection biases. 

As for other monocentric experiences, although the numbers of 

this study are not low, abstracting firm conclusions might be risky. 

Another limitation of this study is the lack of data on functional 

assessments of implants and the quality of life of these patients.

In conclusion, we report retrospective data on early prostheses 

in a JIA cohort. We observed a progressive and significant upward 

trend of both age at arthroplasty and disease duration before the 

first arthroplasty over time. The JIA category, year of implant, and 

presence of complications significantly affected implant survivor-

ship. The progressive improvement of medical treatment will lower 

the need for total joint replacement. Future research should assess 

functional outcome and survival of implants in relation to medical 

therapy and different surgical approaches.
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Understanding Fatigue- Related Disability in Rheumatoid 
Arthritis and Ankylosing Spondylitis: The Importance of 
Daily Correlates
Roisin S. M. Hegarty,1  Tamlin S. Conner,1 Simon Stebbings,2 Benjamin D. Fletcher,1 Andrew Harrison,3  and 
Gareth J. Treharne1

Objective. Fatigue is common among people with inflammatory arthritis but is hard to manage. The aim of this 
study was to investigate how daily fluctuations in psychological variables correspond with changes in fatigue- related 
disability in the daily lives of people with inflammatory arthritis and to identify factors to target in psychological 
interventions and routine clinical practice.

Methods. A cohort of 143 patients with rheumatoid arthritis (n = 97) or ankylosing spondylitis (n = 46) participated 
in a 10- day online diary study. Each evening participants completed a diary questionnaire assessing their fatigue, 
pain, fatigue- related disability, and 4 components of psychological flexibility (valued activity, mindfulness, cognitive 
fusion, and fatigue avoidance).

Results. On days when participants were more engaged in valued activities or more mindful, they reported less 
disability due to fatigue, even when controlling for levels of fatigue and pain that day. The daily psychological flexibility 
variables explained a total of 15.6% of the variance in daily fatigue- related disability.

Conclusion. Psychological flexibility variables are directly associated with fatigue- related disability in the daily 
lives of inflammatory arthritis patients. Further research is needed to investigate whether interventions that target 
psychological flexibility are effective at reducing fatigue- related disability.

INTRODUCTION

Fatigue is a common and disabling symptom among people 
with inflammatory arthritis (1). Fatigue negatively affects patients’ 
physical, emotional, social, and occupational functioning and is 
consistently associated with functional disability and poor quality 
of life (1). Although conventional and biologic antirheumatic medi-
cations can improve fatigue, medication is not successful in reduc-
ing fatigue for all patients (2,3). The causes of fatigue are unclear; 
however, disease- related factors (e.g., inflammation), personal cir-
cumstances (e.g., work, comorbid conditions), and psychological 
factors all play a role in both the development and maintenance 
of fatigue and fatigue- related disability in inflammatory arthritis (4).

Psychological models of disability suggest that the experi-
ence of fatigue alone is not enough to lead to disability, but rather 
patients’ emotional and behavioral reaction to fatigue influences 

its impact on daily life (4– 7). Randomized controlled trials of psy-
chological interventions that teach inflammatory arthritis patients 
alternative ways of responding to their fatigue have shown some 
success at reducing disability, fatigue, and pain (8– 11). How-
ever, there is a need to strengthen interventions aimed at reduc-
ing fatigue- related disability. To improve interventions for fatigue, 
the psychological variables that are most closely associated with 
fatigue- related disability in inflammatory arthritis patients’ daily 
lives need to be identified. Past research on fatigue and fatigue- 
related disability has used retrospective assessments that require 
participants to recall their levels of fatigue and disability over 
the past week or month (12– 15). Because fatigue is a dynamic 
symptom that fluctuates from day to day (16– 18), psychological 
responses to fatigue, and the extent to which fatigue interferes 
with daily activities, fluctuate as well. To accurately capture the 
complex and dynamic relationships between fatigue, inflammatory 
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arthritis patients’ responses to fatigue, and fatigue- related disabil-
ity, contemporaneous methodologies are needed. Daily diaries, 
 self- report questionnaires that participants complete once per 
day for several consecutive days (17– 19), are a powerful tool that 
allows researchers to explore whether psychological variables dis-
rupt the association between fatigue and fatigue- related disability 
on a daily basis (20).

In the current study, we used daily diaries to test whether 
daily fluctuations in psychological variables relevant to the psycho-
logical flexibility model were related to changes in fatigue- related 
disability in adults living with inflammatory arthritis. Psychological 
flexibility is a model of health and well- being that describes the 
process through which adaptive and maladaptive functioning 
occur (21). Psychological flexibility has been defined as “the ability 
to be open and consciously in contact with the present moment, 
and to change or persist in behavior when doing so serves one’s 
goals and values” (22). Although psychological flexibility has largely 
been examined as a trait, the model refers to 6 dynamic, inter-
related processes that are contextually situated and unfold over 
time (23,24): 1) acceptance: willingness to experience thoughts, 
emotions, and physical sensations without attempt to control or 
avoid them; 2) cognitive defusion: the ability to distance oneself 
from thoughts and not view them as rules or truths that must be 
followed; 3) mindfulness: awareness of what is happening both 
within oneself and in the environment; 4) self- as- context: the ability 
to detach from unhelpful ideas about oneself; 5) values: an under-
standing of what makes life meaningful, and; 6) committed action: 
behavior guided by one’s personal values and goals, rather than 
by difficult thoughts, feelings, and physical symptoms. Together, 
these components describe how people come to be psycholog-
ically flexible (or psychologically inflexible) and how psychological 
intervention can potentially help people become more psycholog-
ically flexible. An individual is psychologically flexible when they 

are aware and accepting of their internal experiences (e.g., bodily 
sensations like fatigue) and are able to change or persist with their 
behavior, depending on both the situation and their goals and val-
ues. In contrast, an individual is psychologically inflexible when 
their internal experiences dominate their behavior, so that they are 
focused on controlling those internal experiences, even when this 
control comes at the cost of achieving their daily goals and living 
a meaningful life (25).

Preliminary evidence suggests that retrospective measures 
of trait psychological flexibility may play a role in the health and 
functioning of people with rheumatic diseases (26– 28). There is 
also evidence indicating that psychological flexibility is associated 
with fatigue- related disability in people with chronic pain (29). 
However, research has not investigated the relationship between 
psychological flexibility and fatigue- related disability in the context 
of inflammatory arthritis patients’ daily lives. We hypothesized that 
on days when inflammatory arthritis patients are more psychologi-
cally flexible, they experience less fatigue- related disability than on 
days when they are less psychologically flexible. We also explored 
which subprocesses of psychological flexibility (specifically, valued 
activity, mindfulness, cognitive fusion, and fatigue avoidance) most 
strongly accounted for any functional benefits, to identify possible 
targets for future intervention.

SUBJECTS AND METHODS

Participants and screening. Patients with rheumatoid 
arthritis (RA) included in this study were enrolled from a group 
of patients who had volunteered to offer ongoing opinions on 
their experience of living with RA via an online sampling project, 
The Patient Opinion Real- Time Anonymous Liaison project (30). 
Patients with ankylosing spondylitis (AS) were recruited dur-
ing 2018 by a research assistant through the Dunedin Hospital 
Rheumatology Outpatients Clinic and from a database of patients 
who participated in the Spondyloarthritis Genetics and the Envi-
ronment study, a 5- year longitudinal study looking at outcomes 
in spondyloarthritis. Participants were eligible to take part if they 
were age ≥18 years, had a physician- confirmed diagnosis of RA 
or AS, and had regular access to the internet. This research was 
approved by the Southern Health and Disability Ethics Committee 
(reference: 5/STH/95/AM03) of New Zealand.

Table 1 presents the demographic characteristics of the 143 
participants. The sample consisted of 104 women (72.7%) and 
39 men (27.3%) who ranged in age from 24 to 85 years. Partic-
ipants had a range of comorbidities, with 56.7% of participants 
reporting at least 1 comorbid condition. The 3 most common 
comorbidities were depression and/or anxiety (11.6%), hyper-
tension (10.1%), and asthma (4.8%). One- fifth of participants 
(20.4%) met criteria for fibromyalgia on the Fibromyalgia Rapid 
Screening Tool (FiRST) (31). Most participants completed 8 or more 
of the 10 daily diaries (92.3%). Altogether, the participants produced 
1,317 days of data of 1,430 possible days (92.1%) (Figure 1).

SIGNIFICANCE & INNOVATIONS
• Previous research has highlighted the importance

of psychological factors in the development and 
maintenance of fatigue- related disability; however, 
this relationship is typically measured using retro-
spective measures that do not adequately capture 
the changes in arthritis patients’ experience from 
day to day.

• This study used daily diaries to accurately capture
the relationship between psychological variables 
and fatigue- related disability in the daily lives of pa-
tients with inflammatory arthritis.

• On days when arthritis patients engaged in more
valued activity or were more mindful, they were 
less disabled by their fatigue.

• Further research is needed to examine whether in-
terventions that increase valued activity and mind-
fulness are effective at reducing fatigue- related 
disability.
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Procedure. Data were collected online from April to 
August 2018. Patients with RA were sent an invitation via email 
to complete an initial online survey containing demographics and 

other measures. Patients with AS received a link to the informa-
tion sheet and consent form via email, after which they were 
taken to the same initial survey. At the end of the initial survey, 
all participants were asked if they would like to opt in to the 
daily diary portion of the study. There were no differences in age, 
sex, diagnosis, disease duration, fatigue severity, fatigue- related 
disability, or pain between those who opted in and those who 
opted out of the daily diary study (P > 0.05 for all). Participants 
who opted into the daily diary study received a link via email to 
the daily diary every evening at 6 pm for 10 consecutive days. 
Participants had until midnight to complete the daily diary about 
their experiences that day.

Measures. Participants self- reported their age, sex, eth-
nicity, disease duration, education, employment, living arrange-
ments, relationships status, and comorbid medical conditions. 
We screened participants for fibromyalgia using the FiRST (31). 
The FiRST asks participants to answer either yes or no to 6 items 
about their pain experience (e.g., “I have pain all over my body. 
My pain feels like burns, electric shocks, or cramps”). A cutoff 
score of 5 positive responses correctly identifies patients 87.9% 
of the time (with a sensitivity of 90.5% and a specificity of 85.7%) 
(31). Participants also completed retrospective measures assess-
ing fatigue severity, fatigue- related disability, and pain levels in the 
past 7 days. The fatigue measures were adapted from the Bristol 
Rheumatoid Arthritis Fatigue numerical rating scales (BRAF NRS) 
(32), as described below, except participants were asked to rate 
their level of fatigue and fatigue- related disability on an NRS rang-
ing from 0 (no fatigue/interference) to 10 (severe fatigue/interfer-
ence) over the past 7 days. Pain was measured by the methods 
of Jensen et al (33). Participants were asked to rate their level of 
pain during the past 7 days on an NRS ranging from 0 (no pain) to 
10 (pain as bad as it can be).

Table 1. Demographic characteristics of study sample*

Value
Age, mean ± SD (range) years† 53.09 ± 13.09 (24– 85)
Sex, women %/men % 72.7/27.3
New Zealand European 86.0
Rheumatoid arthritis 67.8
Ankylosing spondylitis 32.2
Disease duration, mean ± SD (range) 

years
15.59 ± 11.23 (1– 60)

Met criteria for fibromyalgia on FiRST 
(ref. 31)†

20.4

Relationship status
Single 13.3
Married/in civil union 58.7
In a relationship but not living 

together
0.7

Separated 4.2
Widowed 6.3
Divorced 4.2

Employment
Full- time 41.3
Part- time 21.0
Unemployed due to arthritis 7.0
Unemployed for other reason 5.6
Retired 21.7
Homemaker 3.5

Education†
No formal qualification 17.7
High school qualification 16.3
Diploma or trade certificate 19.1
Bachelor’s degree or higher 39.7

* Values are the percentage, unless indicated otherwise. FiRST = 
Fibromyalgia Rapid Screening Tool. 
† Averages or percentages are based on a subgroup of participants 
due to missing data for age (n = 137), disease duration (n = 141), 
fibromyalgia (n = 142), and education (n = 141). 

Figure 1. Flow chart of participants who opted into the daily diary study. AS = ankylosing spondylitis; RA = rheumatoid arthritis.
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The daily diary questionnaire used in this research was devel-
oped with input from arthritis patients, and a patient- research 
partner contributed to the exploratory phase of that study (19). 
In the current study, feedback on the daily diary was sought from 
participants during the pilot phase.

Fatigue severity was measured using the BRAF NRS (32). 
We included a definition of fatigue because we previously found 
participants had varying understandings of what fatigue was 
(“Fatigue is a sense of exhaustion that is out of proportion to your 
activity levels. There is often no identifiable reason for the onset of 
fatigue on any particular day. When you’re fatigued, you may feel 
physically exhausted, you may have trouble concentrating, and/or 
you may find it harder to do your usual daily activities.”) (19). Par-
ticipants rated their average fatigue for the day on an NRS ranging 
from 0 (no fatigue) to 10 (severe fatigue).

Fatigue- related disability was measured using an adapted 
version of the BRAF NRS fatigue effect scale (32). Participants 
were asked “How much did fatigue interfere with your usual activ-
ities or responsibilities today? (e.g., work, childcare, household 
tasks, leisure activities)” and answered on an NRS ranging from 
0 (no interference) to 10 (severe interference). Pain was measured 
using an NRS (according to Jensen et al [33]). Participants were 
asked “What was your average level of pain due to your arthritis 
today?” and answered on an NRS ranging from 0 (no pain) to 10 
(pain as bad as it can be), selecting 1 number to show their aver-
age level of pain on that day.

Valued activity was measured using the top 4 loading items 
(rs > 0.73) from the valued action subscale of the Comprehensive 
assessment of Acceptance and Commitment Therapy (Com-
pACT) instrument (34), which we adapted for daily use (e.g., 
“Today, I could identify the things that really mattered to me and 
pursue them”; “Today, I did things that were meaningful to me, 
even when I found it hard to do so”). Participants rated each item 
on a scale from 0 (strongly disagree) to 6 (strongly agree).

Mindfulness was measured using the top 4 loading items 
(rs > 0.64) from the Behavioral Awareness subscale of the CompACT 
(34), which we adapted for daily use (e.g., “Today, I found myself 
doing things without paying attention”; “Today, I found it difficult to 
stay focused on what was happening in the present”). Participants 
rated each item on a scale ranging from 0 (strongly disagree) to 6 
(strongly agree).

Participants’ fusion with their thoughts each day was mea -
sured using the 6 highest loading items (rs > 0.67) from the Cog-
nitive Fusion Questionnaire (35), which we adapted for daily use 
(e.g., “Today, I got upset with myself for having certain thoughts”; 
“Today, I got so caught up in my thoughts that I was unable to do 
the things that I most wanted to do”). Participants rated each item 
on a scale ranging from 0 (strongly disagree) to 6 (strongly agree).

Participants’ avoidance of their fatigue each day was mea -
sured using the 4 highest loading items (rs > 0.72) of the avoidance 
of pain subscale from the Psychological Flexibility in Pain Scale (36), 
adapted to reflect avoidance of fatigue and for daily use (e.g., “Today, 

I postponed things on account of my fatigue”; “Today, I avoided 
scheduling activities because of my fatigue”). Participants rated each 
item on a scale from 0 (strongly disagree) to 6 (strongly agree).

A pilot of the daily diary questionnaire was performed with 23 
participants who were given the opportunity to provide feedback. 
Completion rates for individual questions were good, and no sig-
nificant concerns were raised by participants, which confirmed 
the acceptability of the diary.

Statistical analysis. Participants were excluded from analy-
ses if they completed fewer than 3 of the 10 daily diaries (Figure 1). 
Prior to analysis, composite daily variables were created for valued 
activity, mindfulness, cognitive fusion, and fatigue avoidance by 
averaging across the items they contain. Within- person reliabilities 
for the daily measures were computed, along with intraclass cor-
relation coefficients (ICCs) to establish the proportion of variance 
attributable to between- person differences versus within- person 
differences, and a correlation matrix to understand the within-  and 
between- person relationships between the measures.

Statistical analyses were conducted using the hierarchical 
linear modeling (HLM) statistical package, version 7.01 (37) to 
account for the nested data structure (multiple reports per par-
ticipant). We then tested whether daily fluctuations in psycholog-
ical flexibility (valued activity, mindfulness, and cognitive fusion) 
were associated with variations in fatigue- related disability, hold-
ing fatigue and pain levels constant because both variables were 
strongly related to fatigue- related disability. Fatigue avoidance was 
not included in the HLM analyses due to its strong correlation with 
fatigue- related disability (Table 2). In a supplementary analysis 
with a subgroup of participants who provided complete demo-
graphic data (n = 136), we included age, sex, type of arthritis, 
and comorbid fibromyalgia as control variables. Because the pat-
tern of results was unchanged, we report results from our primary 
analysis in the results section below. The full HLM equations and 
further details on both sets of analyses can be seen in Supple-
mentary Appendix A and Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24224/ abstract.

RESULTS

Descriptive statistics and correlations. Table 3 pres -
ents the descriptive statistics for the aggregated daily variables, 
within- person reliabilities, and ICCs. Within- person reliabilities of 
the composite daily variables were all above acceptable levels 
(38). The ICCs showed that for most variables, approximately half 
of the variance was attributable to within- person differences, indi-
cating that the daily variables vary within people over time, which 
justifies within- person analyses. Within- person variation was high-
est for fatigue avoidance and mindfulness (53% and 51%, respec-
tively, of the variation within people over time), and lowest for pain 
(32%).

http://onlinelibrary.wiley.com/doi/10.1002/acr.24224/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24224/abstract
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Table 2 presents the correlations among the 7 variables. 
Fatigue severity was significantly associated with fatigue- related 
disability at both the between-  and within- person levels. The 
within- person correlation indicates that, on average, on days 
when participants reported worse fatigue, they also reported more 
interference due to fatigue (γ20 = 0.694, t = 20.676, P < 0.001). 
Fatigue severity explained 54% of the variance in fatigue- related 
disability at the within- person level. At the between- person level, 
fatigue- related disability was strongly correlated with fatigue 
avoidance and pain and had moderate correlations with valued 
activity, mindfulness, and cognitive fusion. The within- person cor-
relations showed a similar pattern of relationships; fatigue- related 
disability was strongly correlated with fatigue avoidance and val-
ued activity and was moderately correlated with mindfulness and 
cognitive fusion. The strong correlation between fatigue- related 
disability and fatigue avoidance at both the between-  and within- 
person level suggested these variables were measuring the same 
underlying construct. As a result, fatigue avoidance was excluded 
from all further analyses.

Multilevel modeling: testing the variables associ-
ated with daily fatigue- related disability. To test which 
components of psychological flexibility showed the strongest daily 
relationship with fatigue- related disability, all of the psychological 

flexibility variables were entered into the HLM equation together. 
Results of these analyses are presented in Table 4. The results 
showed that on days when participants engaged in more val-
ued activity or were more mindful, they reported less disability 
due to fatigue, even when controlling for levels of fatigue, pain, 
and cognitive fusion. Fatigue severity and pain explained a total 
of 59.4% of the variance in fatigue- related disability (54.3% and 
5.1%, respectively). The components of psychological flexibility 
explained a combined total of 15.6% of the variance in fatigue- 
related disability, with the most amount of variance explained by 
valued activity (7.8%), mindfulness (3.7%), and cognitive fusion 
(4.2%). This pattern of results was unchanged when controlling 
for age, sex, diagnosis (i.e., RA or AS), and comorbid fibromyal-
gia (see Supplementary Appendix A and Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24224/ abstract, for full results, 
including covariates).

DISCUSSION

This study confirms that psychological flexibility plays an 
important role in fatigue- related disability in the daily lives of 
inflammatory arthritis patients. On days when patients engaged 
in more valued activity or were more mindful of their experiences, 

Table 2. Between- person and within- person correlations

Variables Fatigue
Fatigue- related 

disability Pain
Valued 
activity Mindfulness

Fatigue 
avoidance

Cognitive 
fusion

Fatigue 1.00 0.884* 0.734* – 0.407* – 0.415* 0.736* 0.416*
Fatigue- related disability 0.677† 1.00 0.735* – 0.457* – 0.394* 0.850* 0.476*
Pain 0.548† 0.290† 1.00 – 0.269* – 0.156‡ 0.637* 0.352*
Valued activity – 0.647† – 0.739† –0.229† 1.00 0.484* – 0.480* – 0.518*
Mindfulness – 0.425† – 0.491† – 0.171† 0.229† 1.00 –0.459* – 0.560*
Fatigue avoidance 0.548† 0.742† 0.240† – 0.273† – 0.281† 1.00 0.594*
Cognitive fusion 0.430† 0.480† 0.122§ – 0.322† – 0.634† 0.490† 1.00

* Between-person correlations. P < 0.01.
† Within- person correlations. P < 0.01.
‡ Between-person correlations. Nonsignificant. 
§ Within- person correlations. Nonsignificant.

Table 3. Descriptive statistics for aggregated daily measures*

Measures (range) Mean ± SD

Between- 
person 

variance†

Within- 
person 

variance‡ Reliability
Fatigue- related disability NRS 

(0– 10)
2.81 ± 1.91 0.51 0.49 – 

Fatigue severity NRS (0– 10) 3.52 ± 1.86 0.55 0.45 – 
Pain NRS (0– 10) 3.42 ± 1.92 0.68 0.32 – 
Valued activity (0– 6) 4.68 ± 0.90 0.50 0.50 0.75
Mindfulness (0– 6) 4.24 ± 1.16 0.49 0.51 0.83
Fatigue avoidance (0– 6) 1.43 ± 1.24 0.47 0.53 0.89
Cognitive fusion (0– 6) 0.83 ± 1.03 0.62 0.38 0.86

* Descriptive statistics for all categories reflect aggregated daily measures. NRS = numerical 
rating scale. 
† Intraclass correlation coefficient (ICC) from multilevel modeling indicating the proportion 
of variance attributable to between- person differences. 
‡ 1 –  ICC from between- person variance, indicating the proportion of variance attributable 
to within- person differences. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24224/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24224/abstract
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they were significantly less disabled by their fatigue. This find-
ing expands on previous research that  has shown that patients 
with inflammatory arthritis who retrospectively report being more 
psychologically flexible also report better health and function-
ing (27,28,39,40). Previous research in this area has assessed 
between- person differences and has been limited to pain- related 
disability (27,28,39,40). The present research extends previous 
research by showing that daily fluctuations in the subprocesses 
of psychological flexibility are associated with corresponding 
changes in fatigue- related disability on the same day.

The current study adds to existing research related to fatigue 
in inflammatory arthritis in 3 key ways. First, our findings high-
light how inflammatory arthritis patients’ cognitive and behavioral 
responses to fatigue are related to how disabled they are by their 
fatigue each day. Second, the findings indicate that psychological 
flexibility is a dynamic process that unfolds in the daily lives of 
people with inflammatory arthritis. Psychological flexibility varied 
from day to day, and variations in psychological flexibility were 
associated with changes in fatigue- related disability; on days 
when inflammatory arthritis patients behaved in more psycholog-
ically flexible ways, they were less disabled by their fatigue. This 
pattern held when controlling for age, sex, type of arthritis, and 
fibromyalgia. Third, our results provide novel support for the con-
ceptual model of fatigue by Hewlett et al (4), which proposed that 
psychological factors are related to the development and mainte-
nance of fatigue- related disability. Hewlett et al (4) emphasized the 
bidirectional relationships between psychological variables and 
symptoms. We have established the importance of daily psycho-
logical flexibility. The next step in this line of research is to exam-
ine whether improvements in daily psychological flexibility cause 
reductions in daily levels of fatigue- related disability. This research 
would ideally be done through intervention studies designed to 
increase psychological flexibility.

We used a micro- longitudinal design to collect data from 
inflammatory arthritis patients in the course of their daily lives. 
Repeated measurement of variables over a number of days 
provides more accurate information about what people actu-
ally do each day (rather than a record of what they typically 
do) (41), reduces recall biases (42), and allows us to examine 
whether daily fluctuations in psychological variables are related 

to changes in daily fatigue- related disability. The strength of the 
relationship between fatigue avoidance and fatigue- related disa-
bility suggested that these parameters were measuring the same 
underlying construct. Future researchers may benefit from includ-
ing measures more specific to acceptance, rather than avoidance, 
when evaluating correlates of fatigue- related disability.

Because the focus of our analysis was on the daily relation-
ship between psychological flexibility and fatigue- related disability, 
we did not include measures of daily mood. Previous research 
has indicated that on days when arthritis patients have height-
ened fatigue, they have poorer mood (17,18). Although improving 
symptoms (including low mood) is not the focus of psychologi-
cal flexibility interventions, assessing whether daily psychological 
flexibility protects against low mood on high- fatigue days would 
be of interest. Such an analysis would lend support to the the-
ory that psychological flexibility is associated with higher levels of 
well- being (25). We did not examine the potential between- person 
differences in the daily relationship between psychological flexi-
bility and fatigue- related disability. Personality characteristics or 
heightened psychological distress may moderate the observed 
daily relationships, and this subject would be an interesting ave-
nue for future research, particularly because it may indicate who 
is most likely to benefit from an intervention that targets psycho-
logical flexibility.

It is also important to note that this study does not provide 
conclusions about causality. While engaging in valued activity and 
being more mindful may lead to reductions in fatigue- related dis-
ability, engaging in less valued activity and being less mindful may 
also be consequences of fatigue- related disability. However, pre-
vious research suggests that improvements in mindfulness are 
associated with better functioning in inflammatory arthritis patients 
(9), lending support to the notion that valued activity and mind-
fulness could be driving the changes in fatigue- related disability 
rather than vice versa. The causal relationships or possible bidi-
rectional relationships are worthy of further investigation.

Psychological treatments that combine a focus on improving 
inflammatory arthritis patients’ engagement in meaningful life goals 
and instruction in mindfulness may be particularly useful for reduc-
ing fatigue- related disability. One option is to emphasize valued 
activity and incorporate mindfulness skills into existing treatments, 
particularly those that can potentially be delivered by rheumatol-
ogy teams (10). Another option is to evaluate the effectiveness of 
acceptance and commitment therapy (25), a treatment based on 
the psychological flexibility model, which has been used to treat 
pain- related disability with some success in inflammatory arthritis 
patients (11) but has yet to be applied to fatigue- related disability.

The results of this study suggest that valued activity 
and mindfulness may be important targets for intervention and 
are worthy of further investigation. Studies of psychological ther-
apies for arthritis patients typically focus on whether a treatment 
works (8,10), with very limited focus on how treatments work. To 
improve treatments for fatigue, identifying the active components 

Table 4. Hierarchical linear modeling analysis of the within- person 
relationship between the predictors of daily fatigue- related disability*

Predictors

Fatigue- related disability

γ t ratio P
Intercept (γ00) 2.810 17.655 <0.001
Fatigue severity (γ10) 0.646 19.498 <0.001
Pain (γ20) 0.145 3.989 <0.001
Valued activity (γ30) – 0.204 – 3.689 <0.001
Mindfulness (γ40) – 0.116 – 3.279 0.001
Cognitive fusion (γ50) 0.080 1.247 0.214

* Symbols in parentheses refer to the equation coefficients from 
hierarchical linear modeling. 
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of therapy is essential (43). Previous research has indicated that 
accep  tance and psychological flexibility are important mecha-
nisms of change (11,44,45), but those studies did not measure 
valued activity or mindfulness, nor did they capture daily variations 
in participants’ cognitions, behavior, or experience of fatigue.

This study provides novel evidence that on days when 
inflammatory arthritis patients engage in activities that are impor-
tant and meaningful to them, and are more mindful, they are less 
 disabled by their fatigue. This finding suggests that valued activity 
and mindfulness may be important treatment targets, and that 
psychological treatments that combine a focus on increasing 
 valued activity with improving inflammatory arthritis patients’ mind-
fulness could be useful for reducing fatigue- related disability.
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Measuring Inflammatory Foot Disease in Rheumatoid 
Arthritis: Development and Validation of the Rheumatoid 
Arthritis Foot Disease Activity Index– 5
Anika Hoque,1 Kellie Gallagher,2 Anne McEntegart,3 Duncan Porter,4 Martijn Steultjens,5 James Woodburn,5 and 
Gordon J. Hendry5

Objective. Omission of foot joints from composite global disease activity indices may lead to underestimation of 
foot and overall disease in rheumatoid arthritis (RA) and under treatment. The aim of this study was to evaluate the 
measurement properties of the Rheumatoid Arthritis Foot Disease Activity Index– 5 (RADAI- F5), a newly developed 
patient- reported outcome measure for capturing disease activity of the foot in people with RA.

Methods. Participants with RA self- completed the RADAI- F5, modified Rheumatoid Arthritis Disease Activity Index 
(mRADAI- 5), Foot Function Index (FFI), and Foot Impact Scale (FIS) impairment/footwear and activity/participation 
subscales. The 28- joint count Disease Activity Score using the erythrocyte sedimentation rate (DAS28- ESR) was 
also recorded. Subgroups completed the RADAI- F5 at 1 week and 6 months. Psychometric properties, including 
construct, content and longitudinal validity, internal consistency, 1- week reproducibility, and responsiveness over 6 
months were evaluated.

Results. Of 142 respondents, 103 were female, with a mean ± SD age of 55 ± 12.5 years and median RA disease 
duration of 10 months (interquartile range 3.6– 20.8 months). Theoretically consistent associations confirming construct 
validity were observed with mRADAI- 5 (0.789 [95% confidence interval (95% CI) 0.73, 0.85]), FFI (0.713 [95% CI 
0.62, 0.79]), FIS impairment/footwear (0.695 [95% CI 0.66, 0.82], P < 0.001), FIS activity/participation (0.478 [95% 
CI 0.37, 0.63], P < 0.001), and the DAS28- ESR (0.379 [95% CI 0.26, 0.57], P < 0.001). The RADAI- F5 demonstrated 
high internal consistency (Cronbach’s α = 0.90) and good reproducibility (intraclass correlation coefficient = 0.868 
[95% CI 0.80, 0.91], P < 0.001, smallest detectable change 2.69). Content validity was confirmed, with 82% rating 
the instrument relevant and easy to understand.

Conclusion. The RADAI- F5 is a valid, reliable, responsive, clinically feasible patient- reported outcome measure 
for measuring foot disease activity in RA.

INTRODUCTION

Foot pain and disability are common in people who have 
rheumatoid arthritis (RA), with up to 90% experiencing disease- 
related foot symptoms during the course of their disease (1– 4). 
Synovitis in the small joints of the feet is present at the onset of 
RA in up to 70% of patients (5). With the implementation of phar-
macologic management, the prevalence of forefoot disease stabi-
lizes at 40– 50% after 2 years, but the prevalence of radiographic 

joint damage increases from 20% to 50% (5). Approximately half 
of patients experience hindfoot joint problems (6), and clinically 
important soft tissue disease such as tibialis posterior tenosynovi-
tis has a reported prevalence ranging from 13% to 64% (3).

The management of RA involves a treat- to- target strategy 
that comprises regular review, objective assessment of disease 
activity, and escalation of treatment if there is persistent disease 
activity. The aim is to achieve clinical remission (or low disease 
activity) (7,8). Evaluation of inflammatory disease activity in RA 
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involves the composite disease activity indices, of which the most 
widely used are the 28- joint count Disease Activity Score using 
the erythrocyte sedimentation rate (DAS28- ESR) (9), the Clinical 
Disease Activity Index (CDAI), and the Simplified Disease Activity 
Index (SDAI) (10). These include 28- joint counts for tenderness 
and swelling that omit the joints and soft tissues of the feet (11). 
Recent studies have demonstrated that approximately one- third of 
patients with RA classified by the DAS28, SDAI, and/or CDAI as in 
remission had clinically determined active foot synovitis (2,11,12). 
Although the examination of foot joints is recommended (13), 
patients treated solely according to disease activity indices may 
be at risk of ongoing foot joint damage (11,14).

Various self- reported measures of RA disease activity have 
been validated, including 2 versions of the Rheumatoid Arthritis 
Disease Activity Index (RADAI and modified RADAI- 5 [mRADAI- 5]) 
(15,16). While these tools are more likely to capture foot disease 
activity than composite indices that exclude examination of foot 
joints, they are not widely used in clinical practice. Several ques-
tionnaires have been developed for measuring RA- related foot 
problems, including the Foot Impact Scale (FIS), the Foot Function 
Index (FFI), and the Salford Rheumatoid Arthritis Foot Evaluation 
instrument (17– 19). These largely focus on disability as opposed 
to disease activity, and so have limited value for informing medi-
cal management. In addition, these tools lack feasibility in clinical 
practice due to a high number of items and associated time bur-
den, as well as the absence of clinically meaningful categories for 
ease of interpretation.

The current gold standard technique for measuring foot 
disease activity is magnetic resonance imaging (MRI) (20). 
The more widely used imaging alternative is musculoskeletal 
ultrasound, which is less sensitive than MRI and more spe-
cific than clinical examination of disease activity in RA (20– 22). 
However, these methods are not routinely used due to imprac-
ticalities such as cost of scans/equipment, time to perform 
scans, training needs, and the risk of exposure to contrast 
agents. There is also a lack of consensus concerning how to 

approach medical management of subclinical disease detected 
using musculoskeletal ultrasound (23).

Therefore, there is no widely used, validated, and clinically 
feasible method for the assessment of foot disease activity in RA. 
We propose that a patient- reported outcome measure designed 
to measure local foot disease activity may provide an opportu-
nity for a treat- to- target medical approach that does not exclude 
foot disease activity. Accordingly, the purpose of this study was 
to develop and validate a new concise measure of foot disease 
activity for people with RA.

PATIENTS AND METHODS

Development of the questionnaire. The design and 
content of the Rheumatoid Arthritis Foot Disease Activity Index– 5 
(RADAI- F5) was derived from the mRADAI- 5, a 5- item patient- 
reported outcome measure for the self- report of global disease 
activity, developed and evaluated by Leeb et al (16) and Rintelen 
et al (24). It is completed in a numerical rating scale format from 
0 to 10 and scored by an average summary score ranging 0– 10. 
The RADAI- F5 was developed by editing the mRADAI- 5 with an 
opening statement: “Thinking only of your feet,” and editing the 
original questions to subsequently read as follows: “How active 
was your arthritis in your feet over the last 6 months?” (0 = com-
pletely inactive to 10 = extremely active); “How active is your foot 
arthritis today with respect to joint tenderness and swelling?” 
(0 = completely inactive to 10 = extremely active); “How severe is 
your arthritis pain in your feet today?” (0 = no pain to 10 = unbear-
able pain); “How would you describe your general foot health 
today?” (0 = very good to 10 = very bad); “Did you experience foot 
joint stiffness on awakening yesterday morning? If yes, how long 
was this stiffness in your feet?” (0 = no stiffness to 10 = stiffness 
the whole day). The RADAI- F5 is scored by an average summary 
score ranging from 0 to 10.

Study setting and participants. The 2 data sources 
for this study were 1) a primary RADAI- F5 validation study, con-
ducted at rheumatology outpatient clinics at Glasgow Royal Infir-
mary, Gartnavel General Hospital, and Stobhill Hospital within the 
Greater Glasgow and Clyde National Health Service Board, and 
2) a larger randomized controlled trial, the details of which have 
been published previously (25). Briefly, the trial was a multicenter, 
parallel- group, randomized controlled trial with 6-  and 12- month 
follow- up periods, with participants randomly allocated to either 
customized or prefabricated foot orthoses. Trial participants 
were recruited from rheumatology outpatient clinics within NHS 
Grampian, Fife, and Lanarkshire, Lothian Health Boards, Dorset 
Healthcare University Trust, and Homerton University Hospital 
Trust.

Participants were included if they were ages 18– 75 years, 
with a definitive clinical diagnosis of RA. Patients were excluded 
if they were unable to read, write, and/or understand the English 

SIGNIFICANCE & INNOVATIONS
• The Rheumatoid Arthritis Foot Disease Activity In-

dex– 5 (RADAI- F5) is the first patient- reported out-
come measure designed to measure localized foot 
disease activity in rheumatoid arthritis.

• The RADAI- F5 is valid, reliable, and responsive to 
change, and is feasible for use in clinical practice 
to measure foot disease in people with rheumatoid 
arthritis.

• The RADAI- F5 provides a means for measuring foot 
disease activity that is not captured by composite 
global disease activity indices such as the 28- joint 
count Disease Activity Score using the erythrocyte 
sedimentation rate.
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language, or if they were diagnosed with other major medical 
conditions that could have diminished their ability to distinguish 
between RA- related foot problems and problems due to alterna-
tive disease mechanisms. Ethical approval was obtained from the 
West of Scotland Research Ethics Committee 5 (13/WS/0106) 
and the East of England Essex Research Ethics Committee (15/
EE/0410). Participants were recruited consecutively, and written 
consent was obtained from all participants.

Data collection and measures. Demographic and clini-
cal information was collected at baseline, including age, sex and 
disease duration. The newly developed RADAI- F5 was collected 
at baseline, 1 week from baseline, and 6 months from baseline. 
All other measurements were recorded at baseline and 6 months. 
The DAS28- ESR scores were recorded by rheumatologists as 
part of routine care and made available to researchers. The mRA-
DAI- 5 was collected as an additional self- reported measure of 
global disease activity (16). Foot- related impairments and dis-
ability were evaluated using the FFI (18), and the FIS (17). The 
FFI is a widely used and extensively validated 23- item patient- 
reported outcome measure, completed using a 100- mm visual 
analog scale format, providing a mean summary score from 0 to 
100 (higher scores indicating worse disability) (18). The FIS is an 
extensively validated RA- specific 51- item measure with domains 
for impairment/footwear (21- items) and activity limitation/par-
ticipation restriction (30- items). It is completed using a yes/no 
dichotomous format, and scores for domains are calculated by 
summating “yes” responses (higher scores indicating worse dis-
ability) (17).

To evaluate the content validity and practical burden of the 
RADAI- F5, 3 additional items were evaluated: a 5- point Likert scale 
regarding questionnaire relevance to participants (ranging from 
extremely irrelevant to extremely relevant), a 5- point Likert scale 
regarding participants’ opinions on the readability/understanding 
of the new questionnaire (ranging from very difficult to very easy), 
and the time taken to complete the questionnaire (in minutes).

Statistical analysis. Data were analyzed using SPSS 
25 and Excel 2016. Descriptive statistics for age (median 
[interquartile range (IQR)]) in years, sex (female:male ratio), and 
disease duration (median [IQR]) in months were generated for all 
participants at baseline. The RADAI- F5 was examined using fac-
tor analysis by principal component analysis to reveal the struc-
ture and item loading. The Kaiser- Meyer- Olkin test and Bartlett’s 
test of sphericity were undertaken to determine data suitability 
for factor analysis. The number of factors extracted was decided 
by a combination of Kaiser’s rule (eigenvalues >1), examination 
of the scree plot, and interpretation of items’ contribution to the 
factor. To test internal consistency, we evaluated the inter- item 
correlation matrix and calculated Cronbach’s alpha, a measure of 
consistency between items in a scale. A Cronbach’s α = 0.7– 0.9 
was considered acceptable (26,27).

Hypotheses were generated a priori to examine the extent 
to which baseline scores (construct validity) and 0– 6- month 
change scores (longitudinal validity) on the RADAI- F5 were 
associated with baseline and 0– 6- month change scores from 
other measures in a manner that was theoretically consistent 
(28). Hypotheses for construct validity, which focused on base-
line scores, were specified as follows: moderate positive cor-
relations between the RADAI- F5 score and mRADAI- 5, FFI, 
and FIS domains, and a positive weak correlation between the 
RADAI- F5 score and the DAS28 score. Hypotheses for longitu-
dinal validity, which focused on 0– 6- month change scores, were 
identical except for the FIS subscales, where a weak positive 
correlation was anticipated, because the FIS is less responsive 
to change (29). Spearman’s rank (rs) correlation and 95% confi-
dence intervals (95% CIs) were used to test these hypotheses, 
and coefficients were interpreted as follows: 0– 0.09 = negligible, 
0.1– 0.39 = weak, 0.4– 0.69 = moderate, 0.7– 0.89 = strong, and 
0.9– 1.0 = very strong (30).

The 1- week (test– retest) reliability was examined using a 
2- way mixed intraclass correlation coefficient (ICC) with corre-
sponding 95% CIs for baseline and 1- week scores. Once pre-
liminary foot disease categories were established (see below), 
Cohen’s quadratic weighted kappa and corresponding 95% CI 
for foot disease categories (remission, low, moderate, high) were 
calculated, with values >0.61 indicating substantial reliability (31).

Absolute measurement error was evaluated using the stan-
dard error of measurement (SEm), derived by dividing the SD of 
the mean change between the 2 measurements (SDchange/

√

2); the
95% limits of agreement, derived by calculating the mean change 
between the 2 measurements, ±1.96 × the SD of the changes 
([meanchange] ± 1.96 × [SDchange]); the 95% smallest detectable 
change (1.96 × 

√

2 × SEm), and construction and examination of 
Bland- Altman plots (32– 34).

Responsiveness was evaluated using 4 different effect size 
statistics: Wilcoxon’s signed ranks test, Cohen’s d, the stand-
ardized response mean, and Guyatt’s Index (35). In the absence 
of an anchor question to calculate the minimum important dif-
ference (MID), the MID was calculated using a value of 0.5 × 
SDchange scores between baseline and 6 months. Guyatt’s Index, 
representing the magnitude and variability in change scores rel-
ative to its MID, was calculated as MID/

√

(2 × SDchange) (36). Effect 
sizes were interpreted as follows: <0.15 = negligible, ≥0.15 to 
<0.40 = small, ≥0.40 to <0.75 = medium, ≥0.75 to <1.10 = large, 
≥1.10 to <1.45 = very large, and ≥1.45 = huge (35).

Participants were classified according to mRADAI- 5 thresh-
olds for remission, mild, moderate, or high disease activity. With 
participants assigned to the mRADAI- 5 reference categories, the 
third quartile of corresponding RADAI- F5 scores was calculated to 
establish the thresholds for respective RADAI- F5 categories (24). 
Cohen’s quadratic weighted kappa and 95% CI were used to 
evaluate agreement between disease activity categories between 
the mRADAI- 5 and the RADAI- F5.
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Median (IQR) values were obtained for readability and rel-
evant Likert scores and completion time. For evaluation of floor 
and ceiling effects for the RADAI- F5 in the RA population, we 
adopted the conventional 15% threshold for patients achieving 
the highest and lowest scores to define ceiling and floor effect, 
respectively (32,37). To evaluate structural validity via factor 
analysis, a minimum sample size of n ≥100 at baseline was tar-
geted a priori to achieve a participant- to- item ratio of 20 (38). 
For hypotheses testing for construct and longitudinal validity, 
between 61 and 123 participants were required to detect at least 
weak correlation coefficients from 0.25 to 0.35 at 80% power 
and 0.05 significance level (G*Power 3.1.9.2).

RESULTS

A total of 142 participants (72.5% female) with a median age 
of 55.5 years (IQR 50– 62 years) and median disease duration of 
10 months (IQR 3.6– 20.8 months) took part, including 37 from the 
primary RADAI- F5 study and 105 from the randomized controlled 
trial. A total of 84 participants completed the RADAI- F5 at 1 week 
for reproducibility analyses, and 64 completed 6- month follow- 
ups for responsiveness analyses. Median (IQR) DAS28- ESR 

and mRADAI- 5 scores indicated that participants were typically in 
a moderate disease activity state at study baseline (Table 1). For 
DAS28- ESR disease categories, 21.5% were in remission, 8.4% 
had low disease activity, 47.7% had moderate disease activity, 
and 22.4% had high disease activity. Median (IQR) FFI, FIS impair-
ment/footwear, and FIS activity limitation/participation restriction 
subscale scores suggested that participants typically presented 
with moderate foot- related disability at baseline (Table 1).

Dimensionality. The Kaiser- Meyer- Olkin value of 0.83 
and highly significant Bartlett’s test (P < 0.001) indicated sam-
pling adequacy and suitability for structure detection and factor 
 analysis. Both Kaiser’s “eignenvalue >1” rule and scree plot exam-
ination suggested a 1- factor solution, and this solution explained 
73.18% of the common variance. Item loadings on the factor were 
uniformly >0.4, indicating that all items contributed significantly to 
the aggregate score.

Internal consistency. High inter- item correlations (>0.8) 
were observed for questions 2 and 3, 2 and 4, and 3 and 4 of 
the questionnaire. Moderate inter- item correlations (>0.6) were 
observed for questions 1 and 2, and 2 and 5. All other inter- item 
correlations were between 0.4 and 0.6. Cronbach’s α = 0.90, indi-
cating a high level of internal consistency.

Construct validity. The RADAI- F5 had a weak posi-
tive correlation with the DAS28 (rs = 0.38 [95% CI 0.26, 0.57], 
P < 0.001) (Figure 1), and a moderate positive correlation with 
the FIS impairment/footwear (rs = 0.69 [95% CI 0.66, 0.82], 
P ≤ 0.001) and FIS activity limitation/participation restric-
tion subscales (rs = 0.48 [95% CI 0.37, 0.63], P < 0.001). 
Stronger positive correlations than predicted were observed 
for the mRADAI- 5 (rs = 0.79 [95% CI 0.73, 0.85], P < 0.001), 
and the FFI (rs = 0.71 [95% CI 0.62, 0.79], P < 0.001) (Figure 1). 
Sixty percent of associations for construct validity were in line 
with a priori hypotheses and therefore largely theoretically con-
sistent. Construct and longitudinal validity analyses are shown 
in Table 2.

Table 1. Characteristics of the participants at baseline (n = 142)*

Characteristic Value
Female, % 72.5
Age, years 55.5 (50– 62)
Disease duration, months 10 (3.6– 20.8)
RADAI- F5 (0– 10) 5.2 (3.2– 7.3)
mRADAI- 5 (0– 10) 5.4 (3.4– 7.2)
DAS28- ESR (0– 10) 4.1 (2.84– 4.92)
FFI (0– 100) 45.9 (23.2– 58.03)
FIS IF (0– 21) 13 (8.0– 15.25)
FIS AP (0– 30) 16.0 (6.5– 22.0)

* Values are the median (interquartile range) unless indicated 
otherwise. DAS28- ESR = 28- joint count Disease Activity Score using 
the erythrocyte sedimentation rate; FFI = Foot Function Index; FIS 
AP = Foot Impact Scale activity/participation subscale; FIS IF = FIS 
impairment/footwear subscale; mRADAI- 5 = modified Rheumatoid 
Arthritis Disease Activity Index; RADAI- F5 = Rheumatoid Arthritis Foot 
Disease Activity Index– 5. 

Figure 1. Scatterplots demonstrating convergent and divergent validity for Rheumatoid Arthritis Foot Disease Activity Index– 5 (RADAI- F5) 
associations with the modified Rheumatoid Arthritis Disease Activity Index (mRADAI- 5) (n = 133) (A) and the 28- joint count Disease Activity 
Score (DAS- 28) scores (n = 106) (B). The gray lines show the best fit for the trend. Each circle illustrates a participant’s RADAI-F5 score and 
corresponding modified RADAI (A) or DAS28 (B) score.
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Longitudinal validity. The RADAI- F5 had a weak positive 
correlation with the DAS28- ESR (rs = 0.33 [95% CI 0.04, 0.52], 
P = 0.011), and a moderate positive correlation with the mRA-
DAI- 5 (rs = 0.66 [95% CI 0.41, 0.74], P < 0.01), the FFI (rs = 0.60 
[95% CI 0.47, 0.77], P < 0.001), and the FIS impairment/foot-
wear subscale (rs = 0.43 [95% CI 0.09, 0.56], P = 0.001). A 
weaker positive correlation than predicted was observed for the 
FIS activity limitation/participation restriction subscale (rs = 0.19 
[95% CI – 0.01, 0.49], P = 0.156), and the FFI (rs = 0.71 [95% CI 
0.62, 0.79], P < 0.01). Eighty per cent of associations for longitu-
dinal validity were in line with a priori hypotheses.

Reliability. Mean ± SD RADAI- F5 scores for baseline 
and 1 week were 4.8 ± 2.58 and 4.91 ± 2.74, respectively. 
The mean ± SD difference between baseline and 1 week for the 
RADAI- F5 was 0.11 ± 1.37. The ICC for 1- week reproducibility 
was 0.87 (95% CI 0.80, 0.91; P ≤ 0.001), indicating very good 
reproducibility.

Absolute measurement error. The SEm value calcu-
lated for the RADAI- F5 from baseline and 1- week data was 0.97. 
This value can be interpreted as follows: if a patient scores 3 on 
the RADAI- F5, we can be 68% confident that their true score lies 
between 2.03 and 3.97, and 95% confident that their true score 
lies between 1.1 and 4.9. The limits of agreement were – 2.57 
and 2.80. From the Bland- Altman plot (Figure 2), we can con-
clude that 97.6% of the differences between the 2 time points 
were within the 95% limits. Exploration of the plot suggests that 
there may be a minor funnel effect, with spread increasing slightly 
with increasing mean concentration (higher foot disease activ-
ity). The 95% smallest detectable change value was estimated 

as 2.69, representing 26.9% of the RADAI- F5 scale maximum 
range, meaning that we can be 95% confident that a change score 
of 2.69 or more is a true change.

Responsiveness. The RADAI- F5 exhibited high responsive-
ness to change over 6 months, as evidenced by highly significant 
Wilcoxon’s signed rank tests (P < 0.001) with a very large effect 
size (0.91), Cohen’s d = 0.64 (medium effect size), and a stan-
dardized response mean of 0.97 (very large effect size). The MID 
value obtained from the distribution method (0.5 × SDchange) was 
1.16, and the subsequent Guyatt Index value calculated was 0.70 
(medium effect size). These values can be interpreted as a consist-
ent pattern of medium- to- high responsiveness for the RADAI- F5.

Interpretability. For remission according to the mRA-
DAI- 5, the RADAI- F5 median and third quartile were 0.73 and 
1.0 (n = 11). Therefore, the remission state was defined as a 
RADAI- F5 score ranging from 0 to 1.0. The same procedure 
applied to define the disease categories for mild, moderate, and 
high disease activity, resulting in the following ranges: >1 to 3.6 
for mild disease activity (n = 15), >3.6 to 5.7 for moderate disease 
activity (n = 42), and >5.7 to 10 for high disease activity (n = 65) 
(Table 3). Agreement between the RADAI- F5 and mRADAI- 5 cat-
egories was good, as expressed by 72.5% exact agreement and 
Cohen’s quadratic weighted κ = 0.71 (95% CI 0.56, 0.85). For the 
newly derived RADAI- F5 disease categories, agreement between 
baseline and 1 week was good, as expressed by 70.0% exact 
agreement and Cohen’s quadratic weighted κ = 0.81 (95% CI 
0.75, 0.88). Characteristics of disease and foot- related disability 
status within newly developed RADAI- F5 disease categories are 
shown in Table 3.

Table 2. RADAI- F5 construct and longitudinal validity correlations for a priori hypotheses 
testing for associations with alternative disease activity and foot disability measures*

Measure
Correlation 

coefficient (95% CI)
Strength of 
association

A priori hypothesis 
for association

Construct validity†
mRADAI- 5 (n = 133) 0.79 (0.73, 0.85)‡ Strong Moderate
DAS28- ESR (n = 106) 0.38 (0.26, 0.57)‡ Weak Weak
FFI (n = 132) 0.71 (0.62, 0.79)‡ Strong Moderate
FIS IF (n = 125) 0.69 (0.66, 0.82)‡ Moderate Moderate
FIS AP (n = 124) 0.48 (0.37, 0.63)‡ Moderate Moderate

Longitudinal validity§
mRADAI- 5 (n = 63) 0.66 (0.41, 0.74)‡ Moderate Moderate
DAS28- ESR (n = 60) 0.33 (0.04, 0.52)¶ Weak Weak
FFI (n = 64) 0.60 (0.47, 0.77)‡ Moderate Moderate
FIS IF (n = 63) 0.43 (0.01, 0.56)‡ Moderate Weak
FIS AP (n = 63) 0.19 (– 0.01, 0.49) Weak Weak

* 95% CI = 95% confidence interval; DAS28- ESR = 28- joint count Disease Activity Score using 
the erythrocyte sedimentation rate; FFI = Foot Function Index; FIS AP = Foot Impact Scale 
activity/participation subscale; FIS IF = FIS impairment/footwear subscale; mRADAI- 5 =  
modified Rheumatoid Arthritis Disease Activity Index; RADAI- F5 = Rheumatoid Arthritis 
Foot Disease Activity Index– 5. 
† Using baseline scores. 
‡ P < 0.01. 
§ Using 0– 6- month change scores. 
¶ P < 0.05. 
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Content validity and practical burden. Participants 
largely considered the RADAI- F5 to be relevant for measuring foot 
disease activity in RA, with 53% and 29% indicating that it was rel-
evant and extremely relevant, respectively (Figure 3A). Participants 
largely considered the RADAI- F5 to be easy to read and under-
stand, with 45.8% and 40% indicating that it was easy and very 
easy to read/understand, respectively (Figure 3B). The median 
time to complete the questionnaire was 5 minutes (IQR 2– 15). 
Overall the RADAI- F5 appears to have good content validity and 
low completion burden.

Floor/ceiling effects. A total of 6 participants (4.33%) 
achieved the lowest possible RADAI- F5 score (0), and 0 partici-
pants achieved the highest possible score (10). Based on the 15% 
threshold levels, the RADAI- F5 does not exhibit a ceiling or floor 
effect.

DISCUSSION

We have developed and validated a 5- item patient- reported 
outcome measure, named the Rheumatoid Arthritis Foot Disease 

Figure 2. Bland- Altman plot for the Rheumatoid Arthritis Foot Disease Activity Index– 5 (RADAI- F5) summary score, with data points illustrating 
average scores from 2 time points separated by 1 week (n = 84) against the difference between the corresponding baseline and 1- week scores, 
bias (solid line represents the average SD for baseline to 1- week scores for all participants), bias upper and lower 95% confidence interval limits 
(inner broken lines), and upper and lower limits of agreement (outer broken lines).
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Table 3. Participant characteristics according to RADAI- F5 foot disease activity categories*

Characteristic
Remission 

(0– 1; n = 11)
Mild 

(<1– 3.6; n = 15)
Moderate  

(>3.6– 5.7; n = 42)
High  

(>5.7– 10; n = 65)
Female, % 75 62.1 89.2 33.3
Age, years 63 (47– 74) 59 (53– 69) 54.5 (49– 59) 55 (50– 61)
Disease duration, months 144 (48– 246) 10 (3– 19) 7 (4– 14) 11 (3– 22)
DAS remission, no. (%) 3 (2.9) 10 (9.5) 6 (5.7) 3 (2.9)
DAS low disease, no. (%) 0 (0) 2 (1.9) 1 (1.0) 6 (5.7)
DAS moderate disease, no. (%) 0 (0) 10 (9.5) 14 (13.3) 26 (24.8)
DAS high disease, no. (%) 0 (0) 1 (1.0) 8 (7.6) 15 (14.3)
DAS28- ESR 1.76 (0.8– 1.8) 2.91 (2.3– 4.4) 4.13 (3.0– 5.1) 4.33 (3.6– 5.3)
mRADAI- 5 0.6 (0.2– 2.9) 3.2 (2.3– 5.2) 5.2 (3.8– 6.4) 7.2 (6.0– 7.9)
FFI 4.8 (0– 10) 17.9 (9.6– 43.7) 35.8 (29.4– 47.9) 56.9 (48.3– 69.2)
FIS IF 0 (0– 3.25) 8 (6– 11.75) 12 (11– 15) 15 (13– 17)
FIS AP 1.5 (0– 8.25) 10 (4– 15) 14 (10– 22) 19 (16– 24)

* Values are the median (interquartile range) unless indicated otherwise. DAS = Disease Activity Score; DAS28- ESR = 
28- joint count DAS using the erythrocyte sedimentation rate; FFI = Foot Function Index; FIS AP = Foot Impact Scale activity/
participation subscale; FIS IF = FIS impairment/footwear subscale; mRADAI- 5 = modified Rheumatoid Arthritis Disease 
Activity Index; RADAI- F5 = Rheumatoid Arthritis Foot Disease Activity Index– 5. 
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Activity Index (RADAI- F5) to allow for the monitoring of inflamma-
tory foot disease activity in people with established and early RA. 
The psychometric properties meet the recommended standards 
set by the International Society for Quality of Life Research (39) 
and the Consensus Based Standards for the Selection of Health 
Measurement Instruments (40), demonstrating good construct 
validity, reliability, content validity, internal consistency, respon-
siveness, and interpretability. The new patient- reported out-
come measure is designed to be quick and simple for patients 
to complete and clinicians to score and interpret, so that it can 
be used alongside composite disease activity indices in clinical 
practice. We anticipate that future use of the RADAI- F5 as an 
adjunct to composite disease activity indices will improve local 
disease monitoring and may facilitate better medical manage-
ment of foot disease activity. The RADAI- F5 may also be used 

alongside existing disease- specific foot disability patient- reported 
outcome measures such as the FIS in rehabilitation settings to 
distinguish between inflammatory and mechanical/functional foot 
impairments, which may help to inform new and extended para-
digms of foot care in early RA (41). Moreover, the RADAI- F5 could 
possibly negate the need for composite disease activity scores 
to be recorded for RA foot research purposes (often collected to 
account for confounding).

A key finding of this study is that evidence of convergent 
validity was observed between the RADAI- F5 and the mRADAI- 5, 
and divergent validity between the RADAI- F5 and the DAS28- 
ESR. This finding was anticipated a priori and is theoretically 
consistent with existing evidence demonstrating that composite 
disease activity indices that omit foot joints do not adequately 
capture foot synovitis (11). Indeed, the majority of our a priori 

Figure 3. Bar charts of participant responses (n = 130) to Rheumatoid Arthritis Foot Disease Activity Index– 5 relevance (A) and readability/
understanding (B) Likert scales.
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specified hypotheses were confirmed for strength of associa-
tions between disease activity/foot disability measures with the 
RADAI- F5. The correlation between RADAI- F5 and mRADAI- 5 
was slightly stronger than anticipated, but perhaps unsurprising 
given the similarities of these instruments. Another explanation is 
that relative to the DAS28- ESR, the mRADAI- 5 has the ability to 
capture foot disease activity because it includes questions that 
cover all joints as a whole (16). Importantly, RADAI- F5 and mRA-
DAI- 5 scores were not perfectly correlated, and 72.5% agreement 
was observed between respective disease activity categories for 
each instrument, suggesting they capture local and global dis-
ease, respectively.

The RADAI- F5 demonstrated very good reliability charac-
teristics in terms of 1- week reproducibility of summary scores 
and agreement between baseline and 1- week disease cate-
gories. However, the 95% smallest detectable change (2.69) 
derived from the SEm (0.97) was larger than anticipated and 
exceeded the preliminary MID value (1.16) that was obtained 
via the distribution method. This means that if an individual 
patient has a change score as large as the preliminary MID, we 
cannot be 95% confident that this change is not due to meas-
urement error (33). This finding may be explained by the pres-
ence of outliers rather than systematically large change scores 
(Figure 3, Supplementary Figures 1– 5, and Supplementary 
Table 1, available on the Arthritis Care & Research website at  
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24259/ abstract.

Inspection of outliers suggested a tendency for larger change 
scores in those patients with shorter disease durations. Moreover, 
the RADAI- F5 summary change scores appeared to be predom-
inantly driven by larger change scores for individual items 4 (gen-
eral foot health) and 5 (morning stiffness in the feet), which may 
be more unstable over shorter periods of time. This possibility 
suggests that the instrument stability period of 1 week adopted 
here may be too long to evaluate the instrument in those whose 
disease may be unstable. Moreover, changes in therapy such 
as administration of intramuscular steroids could possibly have 
affected 1- week scores. Anchor- based derivations of RADAI- F5 
MID are now planned because these are recommended and 
should be assigned the most weight when estimating the MID 
(38,42). We recommend that population- specific RADAI- F5 MID 
values be derived for future longitudinal studies seeking to mea-
sure changes in foot disease over time.

A strength of the RADAI- F5 is that it appears to demonstrate 
a consistent pattern of good responsiveness and theoretical con-
sistency for longitudinal measurement, as has been reported for 
other global disease activity patient- reported outcome measures 
(16,43). We evaluated responsiveness using data from a pragmatic 
trial comparing customized versus prefabricated foot orthoses 
plus routine medical care in early RA (25). While the responsive-
ness results over a 6- month period are promising, medical care 
was not standardized, and so drugs and dosages varied between 
participants. Nevertheless, theoretically consistent associations 

for change scores between the RADAI- F5 and alternative instru-

ments were observed, suggesting that it could be used longitudi-

nally to measure changes in foot disease activity in early RA.

Preliminary foot disease category thresholds are proposed 

here to enhance applicability in routine clinical care in line with 

conventional categories adopted in other global disease activity 

patient- reported outcome measures and composite indices (24). 

While there is a relatively broad spectrum of RADAI- F5 scores 

in the study sample, we observed a negatively skewed distribu-

tion, indicative of predominant moderate- to- high foot disease 

activity within the sample. As a result, there were proportionally 

fewer participants allocated to remission and mild categories 

than the moderate and high categories. We also acknowledge 

that in the absence of a gold standard outcome measure for 

quantifying foot disease activity, the mRADAI- 5 (a global index 

of disease activity) was the best available reference score for 

establishing foot disease activity categories. While threshold cut-

offs appear to have good face validity, further evaluation using 

alternative approaches such as receiver operating characteristic 

curves may be appropriate. Our future work will seek to confirm 

preliminary foot disease activity category thresholds reported here 

with greater focus on those with more established disease who 

are in remission or low global disease activity states. We will also 

seek to determine whether treatment regimens would frequently 

be changed due to detection of persistent moderate foot disease 

in patients who are in low disease activity or remission states 

according to DAS28- ESR.

We have confirmed that the RADAI- F5 is valid, reliable, 

responsive, acceptable to patients, and potentially feasible for use 

in clinical practice in terms of ease of completion, quick scoring, 

and interpretability. The RADAI- F5 is freely available for use from 

www.gcu.ac.uk/centr eforl iving/ radai - f5 and is recommended for 

use by rheumatologists and/or rheumatology nurse specialists 

alongside composite global disease activity indices, and by Allied 

Health Professionals such as podiatrists and physiotherapists 

involved in delivering nonmedical foot care in RA.
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Patient Global Assessment of Disease Activity and 
Radiographic Progression in Early Arthritis: Three- Year 
Results From the ESPOIR Cohort
Ricardo J. O. Ferreira,1  Bruno Fautrel,2  Alain Saraux,3  Cécile Gaujoux- Viala,4  Anne- Christine Rat,5

Francis Guillemin,6  José A. P. da Silva,7  Maxime Dougados,8  and Laure Gossec9

Objective. To determine whether patient global assessment of disease activity (PtGA) over the first year of disease 
course, as part of a Boolean- based definition of remission and considered individually, had a significant relationship 
with structural progression over 3 years in patients with early arthritis.

Methods. We conducted a prospective, observational study using ESPOIR (Étude et Suivi des Polyarthrites 
Indifférenciées Récentes) cohort data. Remission states were defined as 1) 4- variable remission, which included a 
tender joint count in 28 joints, a swollen joint count in 28 joints (SJC28), a C- reactive protein (CRP; mg/dl) level, and 
PtGA (scored 0– 10, all scores of ≤1); 2) PtGA near remission, which included the same parameters as 4- variable 
remission with only PtGA >1 (of a maximum possible score of 10); 3) 3- variable remission (sum of the proportion 
of patients in 4-variable remission and the proportion of patients in PtGA near remission); or 4) nonremission. The 
strictest status satisfied both at 6 and 12 months was considered. Radiographic progression was determined as a 
change of ≥5 points in the total Sharp/van der Heijde score (ΔSHS) from baseline to 3 years. The predictive capacities 
for radiographic damage of different remission definitions were assessed by odds ratio (OR). The association between 
each individual component of remission with ΔSHS was tested through multivariate linear regression analyses.

Results. Among 520 patients, 7% achieved 4- variable remission and 12% achieved PtGA near remission. 
Radiographic progression was observed in 29% of patients who achieved 4- variable remission (OR versus 
nonremission; OR 0.32 [95% confidence interval (95% CI) 0.15, 0.68]) and in 45% of patients with PtGA near 
remission (OR 0.65 [95% CI 0.38, 1.11]); the comparison was not statistically different (OR 0.49 [95% CI 0.20, 1.18]). 
In 3- variable remission, radiographic progression was observed in 39%. Of the individual components, only the 
SJC28 and CRP level were associated with radiographic progression.

Conclusion. All definitions of remission led to low structural degradation in early arthritis, and 4- variable remission 
led to less radiographic progression than PtGA near remission, but without a statistically significant difference. Both 
4- variable remission and 3- variable remission appear to be useful targets when aiming for structural nonprogression.

INTRODUCTION

Treat- to- target strategies, which include the tight control 
approach, aimed at reaching disease remission or, at least, low 

disease activity (1), have been widely adopted in the manage-
ment of rheumatoid arthritis (RA) (2,3). Achieving and maintain-
ing these targets has been shown to lead to better outcomes for 
patients (4). However, important knowledge gaps remain, namely 
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regarding how to define remission (5,6) or how strictly to pursue 
it in practice.

Current remission criteria for RA, endorsed by the Ameri-
can College of Rheumatology (ACR) and the European Alliance 
of Associations for Rheumatology (EULAR), include a Boolean- 
based definition based on very low thresholds for 4 variables 
(4- variable remission): a swollen joint count in 28 joints (SJC28) of 
0 or 1, a tender joint count in 28 joints (TJC28) of 0 or 1, a C- reac-
tive protein (CRP) level ≤1 mg/dl, and patient global assessment of 
disease activity (PtGA) score of ≤1 of a maximum possible score 
of 10 (7). Several issues with PtGA have been raised, including its 
difficult interpretation and low correlation with disease activity (8), 
leading to controversy regarding its inclusion in composite indices 
(6,8,9). A recent analysis of a large data set (n > 27,700 patients) 
indicated that the proportion of patients whose disease failed to 
reach remission solely due to having a PtGA score of >1 (PtGA 
near remission) was about twice as high as compared to those 
attaining full 4- variable remission, which means that removing 
PtGA would almost triple the remission rate (from 6% to 16%) (10). 
In another study, despite having no overt signs of inflammation, 
patients with a status of PtGA near remission presented levels of 
disease impact similar to those of patients with a nonremission 
status (11).

However, the strength of the association between PtGA 
and key objective outcomes, such as radiographic progression, 
remains to be clarified (12). In a prospective observational study of 
patients with early RA (n = 527) (13), among the patients whose 
disease was in sustained 4- variable remission, only 31% presented 

radiographic progression (≥1 unit/year) compared to 45% of those 
whose disease was in 3- variable remission (PtGA score excluded) 
(13). The likelihood ratios of good radiographic outcome were not 
statistically significant for both definitions, despite better results for 
the 4- variable remission (13). However, because patients whose 
disease was in 4- variable remission were also included in the 
3- variable remission status (non– mutually exclusive groups), these 
results are difficult to interpret.

The primary aim of this analysis was to compare the associa-
tion between achieving 4- variable remission and PtGA near remis-
sion during the first year of follow- up with structural progression 
over 3 years in patients with early arthritis. We also explored the 
association of each individual component of the Boolean definition 
with radiographic damage accrual.

PATIENTS AND METHODS

Participants and study design. This study used data 
from patients with early inflammatory arthritis included in the 
ESPOIR (Étude et Suivi des Polyarthrites Indifférenciées Récentes)  
cohort. The ESPOIR is an ongoing French multicenter prospec-
tive observational study that has been previously described (14). 
Briefly, patients recruited were ages 18– 70 years, had ≥2 periph-
eral swollen joints for 6 weeks to 6 months, had a suspected 
or confirmed diagnosis of RA, and had not received disease- 
modifying antirheumatic drugs (DMARDs) or glucocorticoids for 
longer than 2 weeks before enrollment. Patients received usual 
care by their rheumatologist, and their follow- up was registered 
every 6 months during the first 2 years, then every year (14). In 
the present study, the data analyzed pertain to the first 3 years of 
follow- up; only those patients with all elements needed to calcu-
late the ACR/EULAR Boolean- based 4- variable remission (7) and 
radiographic damage progression were included.

Outcome of interest: structural damage. Patients 
underwent radiography of the hands, wrists, and feet at baseline 
and at 3 years. Radiographs were scored using the Sharp/van 
der Heijde score (SHS) (15), by a team of trained readers with 
excellent reliability, as described elsewhere (16). After computing 
the change in the SHS (ΔSHS3y = SHS3y –  SHSbaseline), radiographic 
damage progression was categorized as ΔSHS3y ≥5 units (and as 
ΔSHS3y ≥1 unit for sensitivity analyses).

PtGA, remission, and PtGA near remission. The PtGA 
was formulated as “How active do you consider your arthritis?”, 
which was scored on a 0– 100- mm visual analog scale (VAS), with 
inactive disease (left, 0) and active disease (right, 100) as anchors. 

SIGNIFICANCE & INNOVATIONS
• In early arthritis, sustained Boolean 4- variable re-

mission was achieved less frequently (7%) than 
patient global assessment (PtGA) near remission 
(12%; low joint counts and C- reactive protein levels 
and only PtGA score of >1 of a maximum possible 
score of 10).

• A status of 4- variable remission over 1 year led to 
lower structural progression at 3 years (29%) than a 
status of PtGA near remission (45%); however, this 
difference was not statistically significant.

• PtGA was not associated with radiographic progres-
sion when taken separately.

• Both 4- variable remission and 3- variable remission 
(all the same variables comprising 4- variable remis-
sion except PtGA) appear useful targets when aim-
ing for structural nonprogression (71% and 61%, 
respectively).
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The following remission categories were defined: 1) ACR/EULAR 
Boolean- based remission or 4- variable remission (SJC28, TJC28, 
CRP level [mg/dl], and PtGA score are all ≤1) (7); 2) PtGA near 
remission (same parameters as 4- variable remission, except PtGA 
score of >1); 3) 3- variable remission (SJC28, TJC28, and CRP 
levels, all scores of ≤1;equal to merging 4- variable remission and 
PtGA near remission criteria); and 4) nonremission (TJC28 or 
SJC28 or CRP levels are scores of >1, irrespective of PtGA value) 
(11). Remission was ascribed as the strictest status at both the 
6-  and 12- month visits (e.g., the status of a patient with PtGA near 
remission at 6 months and who had achieved 4- variable remission 
at 12 months was classified as PtGA near remission). In 3- variable 
remission (PtGA score excluded from consideration), measurable 
inflammation was nearly absent, regardless of the patient assess-
ment. Age, sex, symptom duration, physical function (Health 
Assessment Questionnaire disability index), fatigue (scored 0– 10, 
VAS), and DMARD treatments were collected for patients’ char-
acterization at baseline.

Statistical analysis. The predictive capacities of radio-
graphic damage progression by the different remission definitions 
(4- variable remission, PtGA near remission, and 3- variable remis-
sion) were compared in several ways: 1) their sensitivity, specificity, 
and positive and negative likelihood ratios were calculated and 
contrasted; 2) the odds ratio (OR) and 95% confidence interval 
(95% CI) of having structural progression (ΔSHS3y ≥5 units, pri-
mary outcome; ≥1 unit, sensitivity analysis) was compared to non-
remission status; 3) the OR of 4- variable remission against PtGA 
near remission and against 3- variable remission was also tested 
using the same definition of progression; and 4) the mean SHS 
progression in the 4- variable remission and PtGA near remission 
groups was compared using the independent Student’s t- test.

To explore the association between each individual compo-
nent of remission with ΔSHS3y, linear regression analyses were 
performed and adjusted on the baseline SHS in 2 steps: 1) bivar-
iate linear regression was computed with ΔSHS3y as the depend-
ent variable and mean value of each predictor at 6 and 12 months, 
in the whole population; and 2) a multivariate linear regression 
was made with stepwise selection including the same predictors 
and outcome. In the subgroup of patients whose disease was in 
3- variable remission, the association between PtGA and ΔSHS3y 
was further explored determining the Spearman’s correlation 
coefficient and performing a bivariate linear regression. There was 
no imputation of missing data; analyses were performed using the 
SAS, version 9.4.

RESULTS

Patients’ characteristics and treatment. In all, 582 of 
the 813 patients (71%) who were initially registered in the cohort 
were followed up for 3 years, and all necessary data were available 
for 520 patients (64%) and were analyzed. Patients’ characteristics 

were typical of early arthritis cohorts (see Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin e  
libr ary.wiley.com/doi/10.1002/acr.24237/ abstract), including 77%  
female participants, mean ± SD age 49.0 ± 11.9 years, and  
mean ± SD duration of symptoms 3.4 ± 1.7 months. Only 16% 
of patients were treated with biologic DMARDs over the 3 years.

Association between definitions of remission and 
structural progression. Of the 520 patients for whom all 
necessary data were available, only 35 patients (7%) attained 
4- variable remission at both 6 and 12 months, while 62 (12%) 
achieved PtGA near remission, resulting in 97 patients (19%) who 
attained 3- variable remission. The mean ± SD radiographic pro-
gression over 3 years was 8.2 ± 10.5 SHS units (median 5.0) for 
the whole cohort (n = 520) and was 4.0 ± 6.0 SHS units and 
5.9 ± 6.9 SHS units for the 4- variable remission and PtGA near 
remission groups, respectively (P = 0.15), and 5.2 ± 6.6 SHS units 
for the 3- variable remission group. In the nonremission group, 
the mean ± SD radiographic progression was 9.0 ± 11.1 SHS 
units.

The proportion of patients in whom radiographic pro-
gression (ΔSHS3y <5 units) was not observed was 71% in the 
4- variable remission group, compared to 55% for patients who 
were in the PtGA near remission group (Table 1). The OR versus 
nonremission was statistically significant (i.e., 95% CI did not 
include 1.00) only for the 4- variable remission definition (OR 0.32 
[95% CI 0.15, 0.68]; for PtGA near remission OR 0.65 [95% CI 
0.38, 1.11]). However, the direct comparison between patients 
who had achieved 4- variable remission and those who had 
achieved PtGA near remission was not statistically significant 
(OR 0.49 [95% CI 0.20, 1.18]). The odds for radiographic pro-
gression for 3- variable remission status was also statistically sig-
nificantly lower than nonremission status (OR 0.51 [95% CI 0.32, 
0.80]) and no statistically significant difference was observed in 
the direct comparison with 4- variable remission status (OR 0.62 
[95% CI 0.27, 1.44]).

As a reminder, in the present study (Table 1), sensitivity indi-
cated the probability of observing remission in patients in whom 
radiographic progression was not observed and specificity 
indicated the probability of observing nonremission in patients 
in whom radiographic progression was observed. However, 
4- variable remission status presented slightly lower sensitivity 
(12% versus 15%) but slightly higher specificity (96% versus 89%) 
than PtGA near remission status. The sensitivity analyses with 
ΔSHS3y ≥1 supported similar conclusions (Table 1).

Association between individual components of 
remission and structural progression. The multivariate analy-
sis of the remission components showed that only the SJC28 
and CRP level were predictive of ΔSHS3y. In this analysis, the 
TJC28 was negatively associated with joint damage and PtGA 
was dropped from the model (Table 2). In the 97 patients who 
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had achieved 3- variable remission, neither Spearman’s correlation 
(r = 0.01; P = 0.75) nor linear regression (β = 0.015; P = 0.74) 
showed a significant link between PtGA and ΔSHS3y, although it is 
noteworthy that all patients with ≥5 units progression had a PtGA 
score of >1 (Figure 1).

DISCUSSION

The present study, which compared radiographic damage 
progression between patients who achieved remission accord-
ing to the ACR/EULAR Boolean- based (4- variable) criteria and 
patients who did not meet that target solely due to PtGA (i.e., 
PtGA near remission), raises interesting perspectives. The per-
centage of patients who achieved PtGA near remission (12%) 
was higher than those who achieved full 4- variable remission 
(7%), confirming that 4- variable remission is more stringent (7,13). 

Sustained remission led to less radiographic progression as com-
pared with nonremission status, thus confirming remission as a 
target when aiming to reduce radiographic progression. Impor-
tantly, we found that 3- variable remission at 6 and 12 months was 
associated with similar structural progression over 3 years (39%) 
than full 4- variable remission (29%), and the difference was not 
statistically significant. Furthermore, the PtGA was not a statisti-
cally significant predictor of radiographic change in this popula-
tion, according to multivariate analysis. The strongest drivers of 
radiographic progression in the present study were the SJC28 
and CRP level. This is in agreement with previous observations 
(12). Thus, we conclude that both 4- variable and 3- variable tar-
gets appear useful when aiming for structural nonprogression.

The implications for practice are not unequivocal. It should 
be noted that the remission criteria were not developed for clinical 
care (7), although they are used as a target in the treat- to- target 

Table 1. Percentage of patients (n = 520) without radiographic progression for each definition of remission and their predictive capacity 
measures*

Remission status† Accuracy tests

Remission Nonremission OR (95% CI) Sensitivity Specificity
Positive LR 

(95% CI)
Negative LR 

(95% CI)
No SHS progression ≥5 units‡

4v- remission¶ 25/35 (71.4) 187/423 (44.2) 0.32 (0.15, 0.68)§ 0.12 0.96 2.90 (1.43, 5.90) 0.92 (0.87, 0.97)
PtGA near remission# 34/62 (54.8) 187/423 (44.2) 0.65 (0.38, 1.11) 0.15 0.89 1.45 (0.91, 2.31) 0.95 (0.88, 1.02)
3v- remission** 59/97 (60.8) 187/423 (44.2) 0.51 (0.32, 0.80)§ 0.24 0.86 1.73 (1.20, 2.50) 0.88 (0.81, 0.96)
4v- remission vs. PtGA near- 

remission
– – 0.49 (0.20, 1.18) – – – – 

4v- remission vs. 3v- 
remission

– – 0.62 (0.27, 1.44) – – – – 

No SHS progression ≥1 unit‡
4v- remission (n = 35)¶ 13/35 (37.1) 87/423 (20.6) 0.44 (0.21, 0.90)§ 0.13 0.94 2.12 (1.11, 4.05) 0.93 (0.86, 1.00)
PtGA near remission  

(n = 62)#
12/62 (19.4) 87/423 (20.6) 1.08 (0.55, 2.11) 0.12 0.87 0.94 (0.52, 1.69) 1.01 (0.93, 1.10)

3v- remission (n = 97)** 25/97 (25.8) 87/423 (20.6) 0.75 (0.45, 1.24) 0.22 0.82 1.26 (0.84, 1.89) 0.94 (0.85, 1.05)
4v- remission vs. PtGA near- 

remission
– – 0.41 (0.16, 1.03) – – – – 

4v- remission vs. 3v- remission – – 0.59 (0.26, 1.34) – – – – 
* Values are the number/total number of patients (%) unless indicated otherwise. 95% CI = 95% confidence interval; 4v = 4- variable; 3v = 3- variable; 
LR = likelihood ratio; OR = odds ratio; PtGA = patient global assessment of disease activity; SHS = total Sharp/van der Heijde score. 
† Remission was considered if the status was attained at both the 6- month and 12- month time points. 
‡ Radiographic damage progression from baseline to 3 years. 
§ Significant (95% CI <1.00). 
¶ Swollen joint count in 28 joints (SJC28), tender joint count in 28 joints (TJC28), C- reactive protein (CRP) (mg/dl) level, and PtGA all ≤1. 
# Same criteria as 4v- remission, but PtGA >1. 
** SJC28, TJC28, and CRP level all ≤1, i.e., PtGA not considered. This group is equal to the sum of 4v-  and 3v- remission. 

Table 2. Relationship between 28- joint counts, CRP level, and PtGA with radiographic progression 
over 3 years (n = 520 participants)*

Variable†
Bivariate linear regression beta  

(95% CI) P
Multivariate linear regression  

beta (95% CI) P
SJC28 0.159 (0.150, 0.777) 0.004‡ 0.552 (0.203, 0.901) 0.002‡
TJC28 – 0.084 (– 0.259, 0.090) 0.344 – 0.251 (– 0.440, – 0.061) 0.010‡
CRP 0.166 (0.071, 0.260) 0.001‡ 0.147 (0.051, 0.243) 0.003‡
PtGA 0.002 (– 0.036, 0.040) 0.922 – NS

* All analyses were adjusted on baseline Sharp/van der Heijde score, using a stepwise model. 95% CI = 
95% confidence interval; CRP = C- reactive protein; NS = not statistically significant; PtGA = patient global 
assessment of disease activity; SJC28 = swollen joint count in 28 joints; TJC28 = tender joint count in 28 joints. 
† Each variable is analyzed as mean value at the 6- month and 12- month visits. 
‡ Significant. 
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strategy (3). This study confirms the validity of treatment target par-
adigms in early arthritis, even if the likelihood ratio associated with 
the most stringent definition of remission is still not very strong. 
Comparing the 4- variable versus the 3- variable remission defini-
tion revealed that 3- variable remission was associated with lower 
specificity and higher (albeit low) sensitivity. Our results for the 
positive likelihood ratio (2.9 versus 1.7) were also similar to those 
observed in the original remission definition study (2.9 versus 2.0, 
respectively, for the 4- variable and 3- variable remission) (7).

If the objective is radiographic nonprogression, which defi-
nition of remission should be used? Since 3- variable remission is 
easier to reach than 4- variable remission and since it did not lead 
to significantly more radiographic progression, this raises ques-
tions regarding which target to use in clinical practice, though 
the fact that the remission definitions were developed for trials 
should be kept in mind.

Our results support the use of the current 4- variable Boolean- 
based definition of remission (7) if the intended use prioritizes 
specificity, i.e., a definition that is best at assuring structural 
protection. On the other hand, potentially, adopting a 3- variable 
remission definition as the target of immunosuppressive therapy 
in early arthritis might be stringent enough to avoid radiographic 
damage accrual in most patients, and could reduce potential 
overtreatment. Of note, a 3- variable definition of remission would 
still be a strict definition to be achieved in clinical practice, being 
achieved by only 19% of our cohort (17).

The inclusion of PtGA in both disease activity scores and 
remission definitions, which have become targets of therapy, 
reflect the wish to include the patient’s perspective in disease man-
agement decisions. However, this should be considered in the 
light of the evidence herein and elsewhere (10– 13) that PtGA 
has, at most, a moderate association with the inflammatory pro-
cess. Some authors suggested to increase the cutoff for PtGA 

remission to 1.5 cm or 2 cm (18) (other authors even suggest 
cutoff increase to 2.5– 3 cm) in order to improve the consistency 
between the Boolean- based definition of remission and the Sim-
plified Disease Activity Index/Clinical Disease Activity Index (which 
include physician global assessment of disease activity) without 
losing too much specificity regarding radiographic and functional 
outcomes. Despite this adjustment, discrepancies in provider– 
patient perspectives remain (10). In the study by Gossec et al (19), 
for example, the disease activity formulation of PtGA was used 
rather than the global health PtGA, as the former has been proven 
to have best correlation with inflammatory markers in this early 
arthritis cohort.

The differences observed between PtGA near remission and 
full remission may suggest that PtGA could reflect subclinical 
inflammation. This certainly deserves further investigation and, in 
practice, we suggest that patients in PtGA near remission may 
benefit from ultrasound evaluation.

The present study has strengths and limitations. The ESPOIR 
cohort is a French national cohort mirroring clinical practice, with a 
large number of participants, and therefore has a good representa-
tion of patients with early arthritis. One limitation of the present study 
lies in the fact that remission status was only evaluated at 6 and 
12 months and used to predict radiographic progression over 3 
years. The analyses to support the initial development of the provi-
sional definitions of the ACR/EULAR remission criteria considered 
data at 6 or 12 months of remission (7). Although we decided to 
take into account data at both time points, in the hope that more 
persistent disease control might be reflected, we did not investigate 
the stability of the remission status during the second and third year. 
Furthermore, in the present study, 3- year data were used; further 
research should include exploring the links between remission and 
radiographic progression over a longer period of time. Another limi-
tation of our study is related to potential lack of power, as there were 
relatively few patients in this cohort whose illness was in remission. 
Fibromyalgia is also a known factor that influences PtGA, which 
was not assessed in this study. The mean age of patients in this 
early arthritis cohort is lower than in similar cohorts. However, the 
correlation between age and PtGA is weak (20) and is thus not likely 
to significantly influence our conclusions. Finally, it is plausible that 
different treatments may affect PtGA, inflammatory markers, and 
radiographic damage to different degrees. In this population, how-
ever, only 16% of patients were treated with biologics.

In conclusion, more research is needed regarding the link 
between PtGA, the disease process in RA, and radiographic 
progression. These observations need to be confirmed in other 
settings and over a longer timeframe, and other definitions of sus-
tained remission (e.g., for a longer term or using different statistical 
approaches) deserve consideration.
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Safety and Tolerability of Subcutaneous Methotrexate in 
Routine Clinical Practice
Christien K. H. Li,1  Kenneth Baker,1  Tania Jones,1  Elizabeth Coulson,2 Andrew Roberts,3 and 
Fraser Birrell4

Objective. To show the safety and efficacy of subcutaneous (SC) methotrexate (MTX) compared to oral MTX, 
alternative disease- modifying antirheumatic drugs (DMARDs) monotherapy, biologic monotherapy, and combinations 
(conventional and biologic combination groups) in routine clinical practice.

Methods. Clinical and laboratory data were retrospectively analyzed for rheumatology clinic attendances at a large 
Northeast England hospital trust between January 2014 and January 2018. Rates of adverse events and stop events 
(transaminitis [serum alanine aminotransferase level of >80 units/liter] or neutropenia [neutrophil count of <2.0 ×  
109/liter]) were calculated, with adjustment for duration of DMARD exposure.

Results. In the present study, 8,394 patients received DMARDs, with 2,093 patients receiving oral MTX and 949 
patients receiving SC MTX. The median dose was 15 mg (interquartile range [IQR] 10– 20 mg) for oral MTX, and 20 
mg (IQR 15– 25 mg) for SC MTX (P < 0.0001). Continuation rates were higher for SC MTX therapy when adjusted for 
follow- up duration, with a rate ratio (RR) of 1.54 (95% confidence interval [95% CI] 1.40– 1.70) (P < 0.0001). For the 
time period assessed, 2,382 patients experienced 4,358 adverse events, with 1,711 incidents of transaminitis and 
2,647 incidents of neutropenia recorded. Significantly fewer adverse events were observed in patients who received 
SC MTX monotherapy versus those who received biologic and combination DMARD therapies (P < 0.01). Compared 
to oral MTX, SC MTX was associated with a nonsignificant trend toward lower rates of neutropenia, but only a slightly 
higher rate of transaminitis (RR 1.26 [95% CI 1.07– 1.48]) (P = 0.006), despite significantly higher doses of MTX.

Conclusion. Subcutaneous MTX is safe in routine clinical practice. This is the largest study yet reported on SC 
MTX and provides observational data that SC MTX is continued longer and better tolerated in patients compared to 
other therapy groups, especially oral MTX.

INTRODUCTION

Methotrexate (MTX) is the recommended first- line disease- 
modifying antirheumatic drug (DMARD) in the treatment of 
rheumatoid arthritis (RA) and is extensively used to treat other 
autoimmune disorders. Furthermore, MTX is a key anchor drug 
in combination with other conventional synthetic and biologic 
DMARDs (1,2). Oral MTX is used extensively in rheumatology 
due to efficacy, ease of administration, and low cost (3– 5). How-
ever, oral MTX is often poorly tolerated in a minority of patients, 

primarily from gastrointestinal side effects (6). Therefore, the use 
and practicality of subcutaneous (SC) MTX has attracted great 
interest in recent years (7), especially with the underuse of both 
oral and SC MTX in the US (8). Current evidence suggests SC 
MTX is more effective than oral MTX, with fewer treatment fail-
ures (9– 11), although there are few randomized controlled trials 
(RCTs) comparing these options. Furthermore, data concerning 
the applicability of these findings in unselected patient popula-
tions in routine clinical practice are lacking. In the present study, 
we aimed to show the safety and efficacy of SC MTX versus oral 
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MTX, alternate DMARD monotherapy, and combination DMARD 
regimens in routine clinical practice.

PATIENTS AND METHODS

Using a Therapy Audit Monitoring System (TAMS) (Therapy 
Audit), we retrospectively analyzed clinical and laboratory data col-
lected from patients attending rheumatology clinics at a large sec-
ondary care trust in Northeast England, which serves a population 
of 550,000. Patients who started or who were already established 
on DMARDs from January 2014 to January 2018 were included 
in the present study. Patients were included in the decision to per-
form the study, updated on key findings through monthly group 
clinics (12), and have encouraged high profile publication. The 
database was queried for diagnosis, dose, and response plus 
adverse events, which were the presence of transaminitis (defined 
by a serum alanine aminotransferase level of >80 units/liter) or 
neutropenia (defined by a circulating neutrophil count of <2.0 
× 109/liter). The initial data set of 12,257 patients was cleaned, 
excluding 3,863 patients due to patients taking additional med-
ication(s) beyond those included in the defined therapy groups, 
which could potentially influence the hematologic/side effect pro-
file. The remaining 8,394 patients were allocated to therapy groups 
as follows: 1) conventional monotherapy (treatment with 1 of the 
following: MTX, leflunomide [LEF], hydroxychloroquine [HCQ], or 
sulfasalazine [SLZ]); 2) conventional combination therapy (concur-
rent treatment with ≥2 of the following: MTX, LEF, HCQ and/or 
SLZ); 3) biologic monotherapy (biologic treatment without conven-
tional DMARDs); and 4) biologic combination therapy (concurrent 
treatment with a biologic and ≥1 of the following: MTX, LEF, HCQ 
and/or SLZ).

Time spent in each therapy group was calculated at an indi-
vidual patient level by concurrent DMARD therapy, with adverse 
events allocated to a therapy group definition satisfied at the time 

of event occurrence (Supplementary Figure 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24334/ abstract). Time periods in which patients 
were either not prescribed DMARDS or prescribed DMARDs 
other than those specified above were excluded from analysis. 
Furthermore, instances in which a patient returns to a previous 
therapy group were excluded to prevent duplication.

Data were analyzed using R statistical environment version 
2.1 and SPSS, version 24 software packages. Statistical compar-
isons were performed using two- proportion Z test, t- test, or exact 
rate ratio (RR) test as appropriate, with a significance threshold of 
P less than 0.05. Kolmogorov- Smirnov test of normality was used 
to determine equality of continuous, one- dimensional probability 
distributions. Subsequent comparisons of nonparametric mea-
sures were determined using a Mann- Whitney U test. All data 
were collected as part of routine patient care and analyzed ret-
rospectively to review drug- monitoring safety through TAMS, and 
as such, research ethics approval was not required. The quality 
improvement project was registered with the clinical audit depart-
ment at Northumbria Healthcare NHS Foundation Trust (approval 
no. NHCFT6836).

RESULTS

Overview. This analysis included 8,394 patients who 
received ≥1 DMARDs (Table 1). The median dose for oral MTX 
was 15 mg (interquartile range [IQR] 10– 20 mg), and the median 
dose for SC MTX was 20 mg (IQR 15– 25 mg) (P < 0.0001). Med-
ication dose is recorded as a single value in the TAMS database, 
which represents the last prescribed dose during that treatment 
course of that drug. Median follow- up duration was 51 months 
(IQR 26– 81 months) and 44 months (IQR 21– 76 months) for oral 
MTX and SC MTX, respectively.

Continuation rates. Drug continuation rate analysis was 
also conducted for both oral MTX and SC MTX specifically. Con-
tinuation was defined as the following: 1) continuing monotherapy, 
2) continuing oral MTX/SC MTX despite receiving additional drug 
therapies, or 3) restarting oral MTX/SC MTX after a trial of other 
treatments, within the follow- up duration. Continuation rates for 
oral MTX and SC MTX were 1,137 (54%) of 2,093 patients and 
640 (67%) of 949 patients, respectively (P < 0.0001). Improved 
continuation rates with SC MTX remained statistically significant 
when adjusted for follow- up duration (RR 1.54 (95% CI 1.40– 
1.70; P < 0.0001).

Analysis of adverse events. During follow- up of 2,382 
patients, 4,358 adverse events were observed, of which 1,711 (39%) 
were transaminitis and 2,647 (61%) were neutropenia (Table 1). 
Adverse event rates were compared between therapy groups after 
adjustment for duration of drug exposure (Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin elibr 

SIGNIFICANCE & INNOVATIONS
• Randomized controlled trials have shown that 

subcutaneous (SC) methotrexate (MTX) is effective 
and safe in selected patients in a small number of 
centers and studies.

• Subcutaneous MTX is safe in routine clinical prac-
tice, and continuation rates of SC MTX are higher 
than those observed with oral MTX.

• This is the largest study of SC MTX yet reported and 
provides observational data to support high safety 
and tolerability of SC MTX compared to oral MTX, 
alternative synthetic disease- modifying drugs, and 
biologic therapies both alone and in combination.

• Subcutaneous MTX may be used more widely and 
potentially earlier in the treatment pathway given 
that it is rarely used in many places, including the 
US.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24334/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24334/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24334/abstract
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ary.wiley.com/doi/10.1002/acr.24334/ abstract). Neutropenia and 
transaminitis events were significantly less likely to occur in those 
individuals receiving SC MTX relative to conventional combination 
therapy, biologic monotherapy, and biologic combination therapies 
(Supplementary Table 1). After adjustment for follow- up duration, a 
trend toward a lower rate of neutropenia was observed in patients 
receiving SC MTX compared to those receiving oral MTX mono-
therapy regimens, although this finding did not reach statistical sig-
nificance (RR 0.84 [95% CI 0.70– 1.01]; P = 0.072). A slight increase 
in occurrence of transaminitis was observed (with follow- up dura-
tion adjustment) in patients receiving SC MTX compared to those 
receiving oral MTX (RR 1.26 [95% CI 1.07– 1.48; P = 0.006). Sim-
ilarly, no significant difference in severe cases of transaminitis (39 
[4.1%] in the SC MTX group and 114 [5.4%] in the oral MTX group; 
P = 0.118) and severe neutropenia (9 in the SC MTX group and 12 
in the oral MTX group; P = 0.247), despite significantly higher doses 
of SC MTX. Comparison of cases of both severe transaminitis (RR 
0.94 [95% CI 0.63– 1.36]; P = 0.812) and severe neutropenia (RR 
2.06 [95% CI 0.77– 5.32]; P = 0.162) remained not statistically sig-
nificant after adjustment for follow- up duration.

Analysis of stop events. Among 5,912 patients, 6,577 
stop events were observed, with therapy discontinuation reason 
recorded for 2,594 events (39%) (Table 2). Significantly fewer 
stop events were observed in SC MTX monotherapy versus oral 

MTX monotherapy due to secondary inefficacy (5 [0.7%] in the SC 
MTX group versus 60 [4.2%] in the oral MTX group; P < 0.0001) 
and unspecified patient intolerance (2 [0.3%] in the SC MTX 
versus 25 [1.7%] in the oral MTX group; P = 0.006). Common 
stop event causes such as nausea and vomiting were observed 
to occur less often in the SC MTX group compared to the oral 
MTX group, though this finding was not statistically significant at 
higher mean doses of MTX (48 [6.7%] in the SC MTX group versus 
110 [7.7%] in the oral MTX group; P = 0.404).

Significantly fewer stop events in the SC MTX monotherapy 
group as compared to the conventional combination DMARD 
therapy group were caused by the following: primary inefficacy (9 
[1.2%] versus 47 [3.0%]; P = 0.01), secondary inefficacy (5 [0.6%] 
versus 94 [6.0%]; P < 0.00001), diarrhea (2 [0.3%] versus 43 
[2.7%]; P = 0.0001), nausea and vomiting (48 [6.7%] versus 173 
[11%]; P = 0.001), rash (2 [0.3%] versus 41 [2.6%]; P = 0.0002), 
patient intolerance (2 [0.3%] versus 33 [2.1%]; P = 0.0011), 
and “other” clinical adverse events (1 [0.1%] versus 15 [0.9%]; 
P = 0.0309).

Significantly fewer stop events in the SC MTX monotherapy 
group as compared to the biologic monotherapy group were 
caused by the following: primary inefficacy (9 [1.3%] versus 40 
[8.3%]; P < 0.0001), secondary inefficacy (5 [0.7%] versus 27 
[5.6%]; P < 0.0001), nausea and vomiting (48 [6.7%] versus 11 
[2.3%]; P = 0.0006), and clinical stop decision (39 [5.5%] versus 

Table 2. Breakdown of stop event causes*

Monotherapies Combination therapies

Oral MTX SC MTX
Biologics 

only HCQ SLZ LEF Conventional Biologics
Abnormal liver 

function
12 (12) 7 (7) 1 (1) 2 (2) 6 (6) 5 (5) 23 (22) 3 (3)

Malignancy 5 (5) 1 (1) 3 (3) 0 1 (1) 0 5 (5) 1 (1)
Clinician decision, 

unspecified
105 (105) 39 (39) 42 (42) 10 (10) 29 (29) 12 (12) 104 (102) 53 (51)

Deceased 50 (50) 10 (10) 13 (13) 38 (38) 24 (24) 7 (7) 41 (41) 13 (13)
Diarrhea 3 (3) 2 (2) 0 5 (5) 8 (8) 20 (20) 43 (43) 3 (3)
Myelosuppression 9 (9) 5 (5) 0 1 (1) 10 (10) 9 (9) 11 (11) 3 (3)
Primary inefficacy 25 (25) 9 (9) 40 (38) 38 (37) 27 (27) 11 (11) 51 (47) 41 (39)
Secondary inefficacy 60 (59) 5 (5) 27 (27) 3 (3) 9 (9) 2 (2) 94 (91) 32 (29)
Interstitial lung disease 0 0 0 0 0 0 2 (2) 0
Patient intolerance, 

unspecified
25 (25) 2 (2) 4 (4) 11 (11) 14 (14) 7 (7) 33 (33) 8 (8)

Moved out of area 4 (4) 5 (5) 0 0 1 (1) 0 8 (8) 2 (2)
Nausea and vomiting 110 (110) 48 (48) 11 (11) 20 (20) 86 (85) 19 (18) 173 (159) 22 (22)
Patient preference 85 (84) 36 (36) 15 (15) 26 (25) 48 (48) 15 (15) 101 (96) 23 (22)
Pneumonitis 10 (10) 4 (4) 1 (1) 0 2 (2) 3 (3) 4 (4) 1 (1)
Pregnancy 4 (4) 6 (6) 0 1 (1) 3 (3) 1 (1) 7 (7) 3 (3)
Rash 6 (6) 2 (2) 4 (4) 21 (21) 34 (34) 9 (9) 42 (41) 5 (5)
Remission 17 (17) 7 (7) 1 (1) 7 (7) 7 (7) 0 22 (22) 3 (3)
Sepsis 16 (16) 6 (6) 11 (10) 0 2 (2) 4 (4) 21 (21) 21 (21)
Other clinical adverse 

effect
1 (1) 1 (1) 2 (2) 4 (4) 3 (3) 7 (7) 15 (15) 3 (3)

Known 547 (545) 195 (195) 175 (172) 187 (185) 314 (313) 131 (130) 800 (770) 243 (235)
Unknown 868 (780) 520 (443) 306 (253) 553 (463) 494 (441) 178 (163) 779 (607) 287 (217)
Total 1,415 (1,325) 715 (638) 481 (425) 740 (648) 808 (754) 309 (293) 1,579 (1,377) 530 (452)

* Values are the number of stop events (number of patients with stop events). HCQ = hydroxychloroquine; LEF = leflunomide; MTX = methotrexate; 
SC = subcutaneous; SLZ = sulfasalazine. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24334/abstract
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42 [8.7%]; P = 0.0271). SC MTX monotherapy was associated 
with significantly fewer stop events compared to biologic com-
bination therapy caused by the following: primary inefficacy (9 
[1.3%] versus 41 [7.7%]; P < 0.0001), secondary inefficacy (5 
[0.7%] versus 32 [6.0%]; P < 0.0001), sepsis (6 [0.8%] versus 21 
[4.0%]; P = 0.0001), clinical decision (39 [5.5%] versus 53 [10%]; 
P = 0.0024), and patient intolerance (2 [0.3%] versus 8 [1.5%]; 
P = 0.0163).

DISCUSSION

Multiple pivotal trials have demonstrated superior clinical and 
radiographic outcomes when DMARDs are prescribed with treat- 
to- target approaches, for both rheumatoid arthritis and psoriatic 
arthritis (13,14). However, with poor tolerability of higher oral doses 
of DMARDs despite improved outcomes, interest in MTX has inev-
itably shifted to subcutaneous administration. Previous research 
has mainly compared oral MTX with SC MTX therapy groups, 
concluding that SC MTX can be given at higher doses with better 
outcomes, greater tolerability, lower rate of adverse events, and 
continuum of bioavailability across commonly prescribed doses 
(9). These studies predominantly measured effectiveness of SC 
MTX and oral MTX via treatment responses as measured by the 
American College of Rheumatology criteria for 20% improvement 
in disease activity (ACR20), the ACR criteria for 70% improvement 
in disease activity (ACR70), and the Disease Activity Score in 28 
joints (DAS28) (9,15).

Similar to our study, Hazlewood and colleagues utilized a 
higher mean SC MTX dose compared to oral MTX, achieving lower 
average DAS28 scores and a small difference in DAS28 remis-
sion status with SC MTX in their multivariate adjustment mod-
els despite a lack of significant difference in sustained remission 
between the therapy groups (9). In the study by Braun et al, the 
efficacy of SC MTX was reinforced with significant responses 
as measured by the ACR20 and ACR70 as well as demonstrating 
further treatment response as measured by the ACR20 in patients 
with a disease duration of ≥12 months (15).

In our study, we observed that SC MTX was associated with 
comparable occurrences of neutropenia, albeit slightly greater 
rates of transaminitis, when compared to oral MTX, of which the 
rates of transaminitis may be partly/wholly attributable to the higher 
doses of SC MTX. Furthermore, SC MTX is associated with sig-
nificantly lower rates of transaminitis and neutropenia compared 
to combination conventional therapy, biologic monotherapy, and 
combination conventional/biologic regimens.

In addition to possible hematologic changes, the symptomatic 
side effect profile is also central to patient persistence on a drug 
therapy, with common side effects such as gastrointestinal toxicity 
leading to discontinuation of treatment (16). Our study also found 
drug survival to be greater in the SC MTX therapy group, evidenced 
by fewer stop events compared to other therapies, reflecting 
favorable efficacy, gastrointestinal tolerability, and reduced nausea. 

These findings are especially important in countries such as the US, 
where underuse of SC MTX in RA is prevalent, with only 13% of the 
therapy- swapping population switching to SC MTX compared to 
biologics (87%) (8). However, these data are from an observational 
cohort and share limitations of all “real- life” retrospective observa-
tional studies. The reduced stop rate for primary/secondary ineffi-
cacy of SC MTX as compared to the biologics group is certainly 
influenced by disease severity, with biologics being reserved for 
patients with higher disease activity that is more difficult to control.

The TACIT trial showed in a robust randomized controlled trial 
design that a treatment strategy consisting of a combination of inten-
sive synthetic disease- modifying drugs produced similar outcomes 
to an earlier treatment regimen with biologics (17). As such, this real 
life observational evidence triangulates and supplements findings 
from the TACIT, TICORA, and TICOPA trials, suggesting that the 
use of SC MTX not only reduces cost compared to biologics (18), 
but also allows for more effective use of the intensive management 
regime with fewer adverse events and stop events (12– 13). 

There are several limitations of the present study, not least its 
retrospective design and missing data. This is evident in our lack 
of sufficient DAS28 data collection pretreatment and posttreat-
ment (>10%), such that the use of mean or random imputation 
would be inappropriate for analysis and a source of potential bias. 
Channeling bias may have altered the apparent adverse event rate 
in the SC MTX group, as those patients who experienced adverse 
events with oral MTX may have been less likely to switch to the 
subcutaneous route and may have had side effect profiles from the 
previous use of other therapies. Furthermore, confounding by indi-
cation may have inflated adverse event rates in combination and 
biologic therapy groups due to restriction of their use to patients 
with more active disease. Additionally, alternative causes of adverse 
events (e.g., concomitant non- DMARD medications and infections) 
are not recorded in our TAMS database, and the available record 
of reasons listed by clinical staff for patients for stopping drugs was 
poor at 39% (providing a baseline for improvement of this patient 
record for future investigations, with service improvement being the 
focus of this work). Nonetheless, the large “real- world” cohort size, 
together with comprehensive integration of laboratory and clinical 
data, make our observations readily applicable to routine clinical 
practice.

In our cohort, subcutaneous MTX is associated with a com-
parable rate of neutropenia as oral MTX, with only a small increase 
in transaminitis events, even at the higher doses achievable by this 
route of administration. Additionally, we observed that SC MTX 
was safer and better tolerated by patients, with significantly bet-
ter continuation rates (following adjustment for follow- up duration) 
and fewer stop events from drug intolerance and secondary inef-
ficacy as compared to oral MTX.
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Pain Over Two Years After Start of Biologic Versus 
Conventional Combination Treatment in Early Rheumatoid 
Arthritis: Results From a Swedish Randomized Controlled 
Trial
Tor Olofsson,1  Johan K. Wallman,1  Anna Jöud,2 Maria E. C. Schelin,2 Sofia Ernestam,3  
Ronald van Vollenhoven,4 Saedis Saevarsdottir,5 and Jon Lampa4

Objective. To compare the pain course between methotrexate (MTX)- refractory early rheumatoid arthritis (RA) 
patients randomized to infliximab (IFX) versus sulfasalazine (SSZ) plus hydroxychloroquine (HCQ).

Methods. The randomized, controlled, open- label Swedish Pharmacotherapy (SWEFOT) trial enrolled new- onset 
RA patients from October 2002 to December 2005. After 3 months of receiving MTX, patients not reaching low 
disease activity (Disease Activity Score in 28 joints score ≤3.2) were randomized to adding IFX (n = 128) or SSZ 
plus HCQ (n = 130) and followed for 21 months. Here, outcomes included area under the curve (AUC) for visual 
analog scale (VAS) scores for pain, unacceptable pain (VAS pain score >40 mm [range 0– 100]), and unacceptable 
pain despite inflammation control (refractory pain; VAS pain score >40 plus C- reactive protein level <10 mg/liter). 
Between- group differences were analyzed with multivariate regression models.

Results. Overall, 50% of randomized patients (n = 258) in the crude setting reported unacceptable pain at 
randomization, declining to 29% at 21 months (P < 0.001), when refractory pain constituted 82% of all unacceptable 
pain. Comparing randomized arms (intent- to- treat analysis), the AUC for VAS pain was lower in the MTX plus IFX 
group (P = 0.01), and at 21 months, 32% of patients receiving MTX plus IFX and 45% receiving MTX plus SSZ plus 
HCQ had unacceptable pain (adjusted relative risk 0.68 [95% confidence interval 0.51, 0.90]; P = 0.008). Regarding 
refractory pain, no between- group differences were observed.

Conclusion. Despite active combination treatment, almost one- third of new- onset RA patients reported 
unacceptable pain after 21 months, and refractory pain constituted more than 4/5 of this pain load. Adding IFX versus 
SSZ plus HCQ to MTX reduced both cumulative pain and unacceptable pain at 21 months, suggesting less long- term 
pain for the biologic therapy. These results display insufficient effects of current treatment strategies on inflammation- 
independent pain components, warranting alternative approaches in affected patients.

INTRODUCTION

Pain is a common and debilitating feature of rheumatoid 
arthritis (RA), with a negative impact on both quality of life and 

work participation (1,2). A Dutch study demonstrated that almost 
90% of RA patients starting biologic therapy chose relief in pain as 
their main priority (3). Widespread discontent with pain manage
ment has also been reported among RA patients in both Europe 
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(60%) and the US (65%) (4). Pain in RA has traditionally been con
sidered a peripheral, nociceptive process in which inflamed syno
vium elicits pain (5), and in uncontrolled disease, pain correlates 
well with disease activity (6). However, several reports have shown 
that significant pain persists in a substantial portion of RA patients 
with low disease activity (7), as well as in patients with good treat
ment response (8). In addition, fibromyalgia is present in up to 
25% of RA patients (9,10) (compared to 2% in the general popula
tion) (11), lending further support to a multifaceted pain spectrum 
in RA consisting of both inflammation derived and inflammation 
independent pain components.

During the last 2 decades, a growing armamentarium of bio
logics in combination with adequate doses of methotrexate (MTX) 
and aggressive treat to target regimens have markedly improved 
the possibilities of reaching inflammation control in RA patients. 
Many reports have focused on the effects on inflammation, often 
comparing addition of a biologic disease modifying antirheumatic 
drug (DMARD) to MTX with MTX in monotherapy, showing better 
results for the combination therapy (12). Three randomized con
trolled trials (of which the Swedish Pharmacotherapy [SWEFOT] 
trial, studied here, is one [13]), have also directly compared MTX 
plus an anti– tumor necrosis factor (anti TNF) agent with so called 
triple therapy (adding sulfasalazine [SSZ] and hydroxychloroquine 
[HCQ] to MTX), showing no difference between these approaches 
in the capacity of reducing standard measures of disease activity 
over 2 years or longer (13– 15). However, none of these trials have 
compared the course of different aspects of pain between these 
2 clinically relevant combination therapy options in new onset RA.

The aim of the current study was to investigate the pain 
course over 21 months of follow up between MTX refractory, 
early RA patients randomized to addition of infliximab (IFX) as 
compared to addition of SSZ plus HCQ in the SWEFOT trial, 
including pain patterns indicative of both inflammatory and nonin
flammatory mechanisms.

PATIENTS AND METHODS

Study design and patients. The investigator initiated, mul
ticenter SWEFOT trial was designed as a randomized, active 
controlled, open label study comparing 2 treatment strategies in 
new onset RA (ClinicalTrials.gov identifier: NCT00764725), and 
the design has been described in detail elsewhere (16).

Briefly, 15 Swedish rheumatology units enrolled patients 
between October 2002 and December 2005. Inclusion criteria 
comprised fulfillment of the 1987 revised American College of 
Rheumatology criteria for RA (17), age ≥18 years, and symptom 
duration <1 year.

After a 3 month run in period of receiving MTX, patients not 
reaching low disease activity (Disease Activity Score in 28 joints 
[DAS28] score ≤3.2) were randomized to addition of either IFX 
(3 mg/kg rounded up to nearest 100 mg increment, given 0, 2, 6, 
and every 8 weeks thereafter) or SSZ (1,000 mg twice daily) plus 
HCQ (400 mg once daily). For more details on the study protocol, 
see Supplementary Appendix A, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24264/ abstract.

Outcomes. The primary outcome of the SWEFOT trial was 
achievement of a European Alliance of Associations for Rheu
matology (EULAR)– defined good response 9 months after ran
domization (1 year after inclusion), and these results have been 
published earlier (16). The pain outcomes analyzed in the current 
study all comprise secondary outcomes.

The primary outcome for pain comparisons between the ran
domized treatment arms (IFX versus SSZ plus HCQ) in the current 
study was the area under the curve (AUC) for visual analog scale 
(VAS) pain from randomization to 21 month follow up. A further 
outcome was unacceptable pain according to the patient accept
able symptom state (PASS), captured by patients’ report of pain 
>40 mm on a VAS (range 0– 100 mm), as described by Tubach 
et al (18). Moreover, different aspects of unacceptable pain were 
assessed (i.e., pain patterns indicative of both inflammatory and 
noninflammatory mechanisms, respectively). For unacceptable 
pain despite inflammation control, referred to as refractory pain, 
the established definition VAS pain score of >40 mm + C reactive  
protein (CRP) level <10 mg/liter was used (19), but we also 
included a stricter definition, adding the criterion of a swollen joint 
count (SJC; of 28) ≤1, referred to as refractory pain (strict; VAS 
pain >40 plus CRP level <10 plus SJC ≤1) (20). In addition, a cor
responding, previously reported measure of pain with inflammation 
(VAS pain score >40 plus CRP level ≥10) referred to as inflam
matory pain was included (19). The primary evaluation time point 
for the within  and between group analyses of the current study 
was 21 months after randomization (24 months after inclusion). 
In addition, the outcomes were explored in regard to dynamics  
during the follow up period and assessed at inclusion, at ran
domization, and at 3, 6, 9, 15, and 21 months after randomization.

SIGNIFICANCE & INNOVATIONS
• Almost one- third of new- onset rheumatoid arthritis 

patients with insufficient response to methotrexate 
experienced unacceptable pain (visual analog scale 
for pain score >40 mm) after 21 months despite 
early active combination treatment.

• Pain indicative of a noninflammatory mechanism 
accounted for >80% of all unacceptable pain 21 
months after randomization.

• Adding infliximab, as compared to sulfasalazine 
plus hydroxychloroquine, to methotrexate reduced 
both cumulative pain over 21 months and unac-
ceptable pain at 21 months.

• The results display insufficient effects of current 
treatment strategies on inflammation- independent 
pain components, warranting alternative approach-
es in affected patients.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
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Statistical analysis. To compare randomized treatment 
arms, an intent to treat (ITT) approach was used as the main 
analy  sis. Missing data due to protocol breach or other reasons 
were replaced in the main analysis through a last observation car
ried forward (LOCF) method (or by linear interpolation when possi
ble), and the analysis is referred to as ITT (LOCF) analysis. Missing 
values at inclusion were imputed by linear regression models. For 
VAS pain (missing = 2), the model included age, sex, tender joint 
count (TJC; of 28), SJC, CRP level, and erythrocyte sedimentation 
rate. For CRP level (missing = 2), the model included age, sex, TJC, 
SJC, and VAS pain score. LOCF as a method to handle missing 
data, used in earlier studies from the SWEFOT trial, was consid
ered possible because the assumption that patients get better 
on assigned treatment seemed reasonable (presumably resulting 
in conservative estimates). However, since LOCF may overesti
mate the precision of the results due to small SEs, this analysis 
was also performed in parallel with 2 additional analyses: 1) a first 
sensitivity analysis was conducted as an intent to treat analysis, 
applying multiple imputation (MI) instead of LOCF to replace miss
ing data due to protocol breach or other reasons, which is referred 
to here as ITT (MI) analysis (for details on the MI method, see 
Supplementary Appendix A, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24264/ abstract); 2) an additional sensitivity 
analysis was performed comprising only patients completing the 
assigned treatment until 21 months, referred to here as completer 
analysis, which used solely nonimputed data.

An analysis of overall pain composition from inclusion to the 
21 month follow up, including all randomized patients without group 
comparisons, was also conducted. Here, we implemented a different 
approach than in the ITT and completer analyses and used  follow up 
data irrespective of protocol breach and without imputations.

The AUC for VAS pain was computed by the trapezoid  
method. In the completer analysis, measurements were required 
at randomization, 21 months, and ≥2 additional time points irre
spective of when.

Within group differences in dichotomous outcomes were 
assessed using McNemar’s test. Between group differences 
were estimated as relative risks (RRs) through modified Poisson 
regression with robust variance for dichotomous outcomes and 
analysis of covariance for continuous ones. All between group 
analyses were adjusted for age, sex, and VAS pain at randomi
zation. Adjustment for VAS pain was performed due to imbalance 
regarding this variable between the treatment arms at randomiza
tion combined with its importance for the outcomes. All analyses 
were performed using SPSS, version 26. P values less than 0.05 
were considered significant.

Ethics. The SWEFOT trial was approved by the Regional 
Research Committee of Karolinska Institute (02 211), with amend
ment approved by the Regional Ethical Review Board, Stockholm 
(2005/5 32), and the patients gave written informed consent 
according to the Declaration of Helsinki.

RESULTS

In total, 487 patients were enrolled and started on MTX  
monotherapy. After the 3 month run in phase, 258 patients did 
not reach low disease activity (DAS28 score ≤3.2) and were ran
domized to addition of IFX (n = 128) or SSZ plus HCQ (n = 130). 
As reported earlier, there was higher dropout during the trial in the 
SSZ plus HCQ group than in the IFX group (43% versus 30%; 
P = 0.01) (13). In total, 90 patients in the IFX group and 74 in the 
SSZ plus HCQ group continued the protocol until the 21 month 
follow up. The dropout difference was mainly explained by ther
apy discontinuation due to lack of efficacy (for flowchart, see Sup
plementary Figure 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24264/ 
abstract).

At inclusion, patients assigned to either IFX or SSZ plus HCQ 
had overall high disease activity, with a mean DAS28 score of 
almost 6.0, and a severe pain load, with an average VAS pain 

Table 1. Characteristics of early (<1 year) rheumatoid arthritis 
patients randomized to addition of infliximab (IFX) or sulfasalazine 
(SSZ) plus hydroxychloroquine (HCQ) after insufficient response to 
3 months with methotrexate in the randomized controlled Swedish 
Pharmacotherapy (SWEFOT) trial*

Characteristic
IFX

(n = 128)
SSZ + HCQ
(n = 130)

At inclusion
Age, years 52 ± 13 53 ± 14
Women, no. (%) 97 (76) 101 (78)
Education level, no. (%)

≤9 years 19 (15) 26 (20)
10– 12 years 71 (56) 63 (49)
>12 years 30 (23) 30 (23)

Symptom duration, months 6.2 ± 3.5 6.2 ± 3.5
RF positive, no. (%) 89 (69) 85 (65)
VAS pain, mm 59 ± 20 59 ± 21
CRP level, median (range) mg/liter 17 (0– 150) 24 (0– 203)
Swollen joint count (of 28 joints) 11 ± 5 11 ± 5
Low- dose glucocorticoid use, 

no. (%)
8 (6) 10 (8)

DAS28 score 5.89 ± 0.93 5.98 ± 0.96
HAQ score 1.27 ± 0.60 1.32 ± 0.59
EQ- 5D score 0.35 ± 0.33 0.36 ± 0.33

At randomization†
VAS pain, mm 45 ± 21 41 ± 24
CRP level, median (range) mg/liter 9 (0– 149) 9 (0– 155)
Swollen joint count (of 28 joints) 7 ± 5 6 ± 5
DAS28 score 4.91 ± 0.98 4.79 ± 1.05
HAQ score 0.94 ± 0.54 0.99 ± 0.57
EQ- 5D score 0.51 ± 0.29 0.55 ± 0.27

* Values are the mean ± SD unless indicated otherwise. No. of 
missing values at inclusion for the IFX group: education level 8; VAS 
pain 1; HAQ 2; and EQ- 5D 18; for the SSZ plus HCQ group: education 
level 11; VAS pain 1; HAQ 3; and EQ- 5D 17. No. of missing values at 
randomization for the IFX group: VAS pain 4; CRP 3; HAQ 4; and EQ- 
5D 21; for the SSZ plus HCQ group: VAS pain 1; CRP 1; HAQ 2; and EQ- 
5D 13. CRP = C- reactive protein; DAS28 = Disease Activity Score in 28 
joints; EQ- 5D = EuroQol 5- domain questionnaire (UK preference set); 
HAQ = Health Assessment Questionnaire; RF = rheumatoid factor; 
VAS = visual analog scale. 
† Three months after inclusion. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
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score of nearly 60 mm (range 0– 100) in both groups. Baseline 
characteristics, both at inclusion and randomization, were well 
balanced between the treatment arms, although with a trend 
toward higher CRP level (P = 0.074) at inclusion and a higher VAS 
pain score (P = 0.11) at randomization in the SSZ plus HCQ group 
(Table 1).

Pain composition in all patients. In the observational, 
nonimputed setting, 81% of all randomized patients (n = 258) 
reported unacceptable pain at inclusion, with a mean ± SD VAS 
pain score of 59 ± 20 (Figure 1). The proportion with unaccept
able pain decreased to 50% at randomization, with a mean ± SD 
VAS pain score of 43 ± 23 (both P < 0.001), and a further decline 
was seen until the 3 month follow up. Thereafter, both mea
sures remained largely stable throughout the study period; at 
21 months, 29% of the patients reported unacceptable pain, and 
the mean ± SD VAS pain score was 31 ± 24 (both P < 0.001 for 
the change from randomization). When unacceptable pain was 

stratified by concomitant inflammation, the following patterns 
were displayed: inflammatory pain (see Methods section) domi
nated at inclusion but declined from initially 53% to 19% at ran
domization (P < 0.001), further decreasing to 5% at 21 months 
(P < 0.001 for the change from randomization). In contrast, 
unacceptable pain despite inflammation control (refractory pain) 
remained fairly stable, at ~25– 30% during the study period, and 
accounted for 82% of all unacceptable pain at 21 months.

Comparison of pain composition between treat-
ment arms. AUC for VAS pain. Among patients assigned to 
IFX, the AUC for VAS pain from randomization to 21 month fol
low up was significantly lower than for patients randomized to 
SSZ plus HCQ in the main analysis (P = 0.01), with the period 
from 9 to 21 months accounting for most of that difference 
(Table 2 and Figure 2A). In the sensitivity analyses, a similar 
between group difference regarding AUC for VAS pain from 
randomization to 21 months was demonstrated in the ITT (MI) 

Figure 1. Pain course over 2 years after inclusion for early (<1 year) methotrexaterefractory rheumatoid arthritis patients randomized to 
additional treatment (with infliximab or sulfasalazine plus hydroxychloroquine) in the Swedish Pharmacotherapy (SWEFOT) trial (n = 258). Results 
are shown both for proportions of different pain outcomes (left y axis) and mean visual analog scale (VAS) pain values with 95% confidence intervals 
(95% CIs) (right y axis). P values represent comparisons of the proportion of patients between inclusion (3 months prior to randomization) and 
randomization (month 0), and between randomization and 21 month follow up, respectively, for the indicated pain states. Unacceptable pain is 
defined as refractory pain plus inflammatory pain. No/acceptable pain is defined as VAS pain ≤40 mm (open bars). Refractory pain is defined as 
VAS pain >40 mm plus C reactive protein (CRP) level <10 mg/liter (shaded bars). Inflammatory pain is defined as VAS pain >40 mm plus CRP level  
>10 mg/liter (solid bars). M = months.
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approach (P = 0.008), while no significant difference was found 
in the completer analysis (Table 2 and Figures 2B and C).

Unacceptable pain. In patients randomized to IFX, the frac
tion with unacceptable pain declined from 57% at randomization 
to 32% at 21 months (P < 0.001), while for this period, no sig
nificant difference was seen for the SSZ plus HCQ group (ITT 
[LOCF] analysis) (Figure 3A). Comparing randomized arms, un
acceptable pain started diverging at the 9 month follow up, and 
the adjusted RR of having unacceptable pain after 21 months 
was 0.68 (95% confidence interval [95% CI] 0.51, 0.90; 
P = 0.008) for patients randomized to IFX versus those assigned 
to SSZ plus HCQ (Table 2). These results are also in line with the 
between group result for unacceptable pain at 21 months when 
using the ITT (IM) analysis (for IFX versus SSZ plus HCQ, adjust
ed RR 0.69 [95% CI 0.52, 0.91]; P = 0.03) (Table 2 and Supple
mentary Figure 2A, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24264/ 
abstract). In the completer analysis, a numerical trend toward 
less unacceptable pain in the IFX group at 21 months was ob
served (26% versus 35%) but did not reach statistical signifi
cance (adjusted RR 0.72 [95% CI 0.45, 1.14]; P = 0.16) (Table 2 
and Supplementary Figure 3A, available on the Arthritis Care & 

Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24264/ abstract).

As for unacceptable pain without inflammation control 
(inflammatory pain) at 21 months, the adjusted RR was 0.48 (95% 
CI 0.24, 0.93; P = 0.031) comparing the IFX group with the SSZ 
plus HCQ group (ITT [LOCF] analysis) (Figure 3B). Neither of the 
sensitivity analyses showed any significant difference in inflamma
tory pain at 21 months between the randomized groups, although 
in the ITT (MI) analysis, a numerical trend toward less inflammatory 
pain in the IFX group was displayed (16% versus 24%; adjusted 
RR 0.67 [95% CI 0.39, 1.16]; P = 0.19) (see Supplementary 
Figures 2B and 3B, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24264/ abstract).

Refractory pain. None of the randomized treatment arms 
showed a within group difference in unacceptable pain despite 
inflammation control (refractory pain) from randomization to the 
21 month follow up. When comparing the randomized arms at 
21 months, there was a nonsignificant, numerically lower pro
portion with refractory pain in the IFX group (23% versus 28% 
in the SSZ plus HCQ group; P = 0.27) (ITT [LOCF] analysis; see 
Table 2 and Figure 3C). As for refractory pain with a strict defi
nition, a within group increase of patients with this feature was 

Table 2. Differences in pain measures between early (<1 year) rheumatoid arthritis patients 
randomized to addition of infliximab (IFX) versus addition of sulfasalazine (SSZ) plus hydroxy 
chloroquine (HCQ) after insufficient response to 3 months with methotrexate in the Swedish 
Pharmacotherapy (SWEFOT) trial*

Characteristic No. IFX†
SSZ + 
HCQ†

Adjusted measure
(IFX vs. SSZ + HCQ)‡ P

Randomization to 21 
months

AUC for VAS pain
ITT (LOCF) 258 705 ± 421 761 ± 465 −111 (−195, −27) 0.010
ITT (MI) 258 706 ± 358 773 ± 404 – 112 (−195, −29) 0.008
Completers 149 649 ± 377 608 ± 419 −12 (−113, 88) 0.81

At 21- month follow- up
Unacceptable pain§

ITT (LOCF) 258 41 (32) 59 (45) 0.68 (0.51, 0.90) 0.008
ITT (MI) 258 44 (34) 62 (48) 0.69 (0.52, 0.91) 0.030
Completers 152 22 (26) 23 (35) 0.72 (0.45, 1.14) 0.16

Refractory pain¶
ITT (LOCF) 258 30 (23) 37 (28) 0.80 (0.54, 1.18) 0.27
ITT (MI) 258 24 (18) 32 (25) 0.72 (0.46, 1.14) 0.21
Completers 151 17 (20) 19 (29) 0.74 (0.42, 1.31) 0.30

Refractory pain (strict)#
ITT (LOCF) 258 17 (13) 15 (12) 1.13 (0.61, 2.09) 0.70
ITT (MI) 258 11 (9) 12 (9) 0.93 (0.45, 1.96) 0.86
Completers 151 11 (13) 12 (18) 0.75 (0.37, 1.51) 0.42

* AUC = area under the curve; CRP = C- reactive protein; ITT = intent- to- treat; LOCF = last observation 
carried forward; MI = multiple imputation; VAS = visual analog scale. 
† Values for randomization to 21 months are the mean ± SD. Values for 21- month follow- up are the 
no. (%). 
‡ Values for randomization to 21 months are the mean difference (95% confidence interval [95% CI]), 
estimated by analysis of covariance with adjustment for age, sex, and VAS pain at randomization. 
Values for 21- month follow- up are the relative risk (95% CI), estimated by modified Poisson regression 
analysis with robust variance with adjustment for age, sex, and VAS pain at randomization. 
§ VAS pain score >40 mm (range 0– 100). 
¶ VAS pain score >40 mm plus CRP level <10 mg/liter. 
# VAS pain score >40 mm plus CRP level <10 mg/liter plus ≤1 swollen joint (of 28 joints). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract


CONVENTIONAL VS. BIOLOGIC TREATMENT AND PAIN IN EARLY RA |      1317

seen from randomization to 21 months in both treatment arms, 
but no significant between group difference was detected at the 
21 month follow up (Table 2 and Figure 3D). Neither in the sen
sitivity analyses were any significant between group differences 
at 21 months for refractory pain or refractory pain with a strict 
definition displayed (ITT [MI] and completer analyses, respective
ly) (Table 2, Supplementary Figures 2C and D, and Supplemen
tary Figures 3C and D, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24264/ abstract).

DISCUSSION

In this study of new onset RA patients who responded insuf
ficiently to initial MTX, we show that almost one third still report 
unacceptable pain (VAS pain score >40 mm) 21 months after 
addition of either IFX or SSZ plus HCQ. At this time point, unac
ceptable pain despite inflammation control (refractory pain; VAS 
pain >40 mm plus CRP level <10 mg/liter) constituted more than 
4/5 of all unacceptable pain. Notably, this pattern (with a domina
tion of refractory pain) was evident already 3 months after starting 
combination therapy. Furthermore, we demonstrate that addition 
of IFX as compared to addition of SSZ plus HCQ resulted in signif
icantly less cumulative pain over 21 months (as measured by AUC 
for VAS pain). Addition of IFX also reduced the risk of unaccept
able pain at 21 months by >30%.

Inflammation is a well established cause of pain in patients 
with inflammatory arthritides (5). Although inflammation control 
clearly reduces pain (12), there is mounting evidence of an uncou
pling between pain and inflammation during the disease course 
(6,8,19,21). In support of this, the present findings show that, in 
early RA, 24% of MTX nonresponders who were randomized to 
additional therapy experienced refractory pain indicative of a non
inflammatory mechanism after 21 months. Moreover, the results 
of the current study are consistent with previous observational 
reports from our group, which demonstrated that significant pain 
is common despite a 3 month EULAR good response to MTX (8), 
and that after 3 months with MTX, 16% of patients had refractory 
pain (19). In addition, our present results are congruent with the 
findings of Koop et al, who reported significant pain with a pattern 

Figure 2. Course of pain levels by visual analog scale (VAS) of pain 
from inclusion (3 months prior to randomization) to 21 month follow 
up for early (<1 year) rheumatoid arthritis patients in the Swedish 
Pharmacotherapy (SWEFOT) trial randomized to infliximab (IFX) versus 
sulfasalazine (SSZ) plus hydroxychloroquine (HCQ) after insufficient 
response to 3 months with methotrexate. Data are shown for intent to 
treat analysis with last observation carried forward in case of missing 
data (A), intent to treat analysis with multiple imputation in case of 
missing data (B), and patients completing the trial on randomized 
treatment and having no missing data at randomization or the 21 month 
follow up (C). The broken line indicates time of randomization. 95% CI 
= 95% confidence interval; AUC = area under the curve.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24264/abstract
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indicative of a noninflammatory mechanism in 17% of RA patients 
in a well treated, established cohort (21).

The higher prevalence of refractory pain shown in the cur
rent study compared to the findings mentioned above is likely 
explained both by the measure used to capture refractory pain 
(which differed from the pain DETECT questionnaire used by 
Koop et al) (21) and by the fact that patients reaching EULAR 
defined low disease activity after 3 months of receiving MTX were 
not included here. The latter group is known to do very well also in 
the longer term (22), and the present analysis (not encompassing 
these MTX responders) was hence performed on a more therapy 
resistant cohort compared to an unselected early RA setting, 
implying that the occurrence of refractory pain seen here might 
be higher than had otherwise been the case. The current results 
displaying a substantial subgroup with refractory pain despite 
aggressive treatment are also in line with a report by Lee et al, 
who demonstrated the persistence of significant pain in patients 
with DAS28 remission (7). Hence, whereas nociceptive pain in 
RA patients (elicited by a normal somatosensory nervous system 

as a response to inflammation) generally responds well to immu
nosuppressive agents (12), our results strengthen the evidence 
that current therapy regimens are insufficient for preventing the 
occurrence of noninflammatory pain components often arising 
from central sensitization (increased responsiveness to stimuli in 
the central nervous system) (23).

To the best of our knowledge, unacceptable pain and its 
inflammation derived and noninflammatory subcomponents have 
not been compared before between early RA patients randomized 
to the addition of a biologic therapy versus the addition of SSZ 
plus HCQ in MTX nonresponders in the setting of a randomized 
controlled trial. O’Dell et al, however, analyzed the level of VAS 
pain in a similar trial setting (the Rheumatoid Arthritis: Comparison 
of Active Therapies [RACAT] trial) (14); but in contrast to our find
ings of less pain when adding IFX, they did not find any significant 
difference between addition of etanercept versus addition of SSZ 
plus HCQ to MTX. Apart from a more limited pain analysis, their 
follow up was also longer (48 weeks versus 21 weeks in the cur
rent study), and it could be argued that this might have attenuated 

Figure 3. Pain course between early (<1 year) rheumatoid arthritis methotrexate nonresponders randomized to addition of infliximab (IFX) 
versus addition of sulfasalazine (SSZ) plus hydroxychloroquine (HCQ) from inclusion (3 months prior to randomization) to 21 month follow up 
by intent to treat analysis. Data are shown for unacceptable pain (A; visual analog scale [VAS] pain score >40 mm), inflammatory pain (B; VAS 
pain score >40 mm plus C reactive protein [CRP] level >10 mg/liter), refractory pain (C; VAS pain score >40 mm plus CRP level <10 mg/liter), 
and refractory pain with a strict definition (D; VAS pain score >40 mm plus CRP level <10 mg/liter plus ≤1 swollen joint [of 28]). At the upper 
part of the panels are displayed P values for within group differences from randomization (month 0) to the 21 month follow up for the indicated 
treatment arm. Addition with SSZ plus HCQ (n = 130) is shown by solid bars. Addition with IFX (n = 128) is shown by shaded bars.
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gains from a potentially faster initial disease activity decline in the 
biologics group, although our results rather indicate that between 
group differences increased over time.

Furthermore, the significantly lower pain load over 21 months 
(as measured by the AUC for VAS pain), as well as less unaccept
able pain at 21 months, here demonstrated for IFX, as compared 
to SSZ plus HCQ, interestingly contrasts to some earlier SWEFOT  
findings. In those, no significant differences between the ran
domized arms were reported for the proportion of patients 
reaching a 21 month EULAR defined good response (13). Nei
ther were any significant differences detected regarding Euro
Qol 5 domain questionnaire (UK preference set) utilities, gains 
in quality adjusted life years (24), or sick leave/disability pension 
(25), measures previously shown to associate with pain in RA 
patients (1,2). The between group difference in unacceptable pain 
in the current study seems to be driven mainly by a difference 
in unacceptable pain without inflammation control. This suggests 
a more pronounced effect of the biologics combination strategy 
on pain aspects of inflammation as compared to the composite 
EULAR defined good response rather than a difference between 
randomized arms regarding uncoupling between pain and inflam
mation. Furthermore, the within group increase in refractory pain 
with a strict definition from randomization to 21 month follow up 
in both treatment arms was not unexpected because the defini
tion of this measure included a combination of CRP level <10 plus 
≤1 SJC (of 28), which was hardly seen at randomization (when 
patients per definition needed to have a DAS28 score >3.2).

Concerning sensitivity analyses, the statistically significant 
21 month difference regarding both AUC for VAS pain and unac
ceptable pain between the IFX group and the SSZ plus HCQ group 
was practically unaltered when MI was used instead of LOCF to 
replace missing data (due to protocol breach or other reasons) 
in the ITT analysis. However, in the analysis conducted solely on 
patients completing 21 months of follow up with the randomized 
treatment (completer analysis), no significant between group dif
ferences were shown, which is likely explained by a significantly 
higher dropout rate due to medication inefficacy in the SSZ plus 
HCQ group, adequately compensated for in the ITT (LOCF) and 
ITT (MI) analyses.

The clinical question addressed in the SWEFOT trial, whether 
adding an anti TNF agent is superior to addition of further conven
tional DMARDs in early MTX refractory disease, is still of central 
interest in treatment guidelines (26). Pain, including occurrence of 
noninflammatory pain, is a major component of remaining unmet 
needs for RA patients, and here, early recurrent measurements of 
VAS pain, CRP level, and SJC allow for thorough assessment of 
pain patterns.

This study also has limitations. An important issue is how to 
capture unacceptable pain. Here, we used the validated measure 
of PASS (VAS pain score >40 mm) described by Tubach et al (18), 
but a lower cutoff for significant pain (VAS pain score >20 mm) 
has been proposed by Wolfe and Michaud (27), rendering higher 

prevalence estimates when applied (8). Furthermore, although a 
VAS pain score >40 mm combined with a CRP level <10 mg/
liter is an established measure of pain despite inflammation control 
(refractory pain), there are also other indices described to capture 
noninflammatory pain, such as the continuous DAS28 P (a mod
ified DAS28 based on patient global assessment and TJC) (28). 
To enable a more straightforward clinical interpretation, we pre
ferred a dichotomous cutoff reflecting pain deemed acceptable or 
unacceptable by patients and therefore used PASS combined with 
inflammation control, as outlined above. To further strengthen the 
assessment of inflammation control, we added an analysis with 
the criterion ≤1 SJC to a CRP level <10, but still no between group 
differences in refractory pain were displayed. However, it cannot be 
ruled out that even with this stricter definition some patients might 
experience unacceptable pain due to low grade inflammation.

Regarding the trial, a main concern is the open label design. 
The absence of masking could subconsciously have biased both 
patients’ pain reports and physicians’ assessments and also pro
vided patients with an incentive to abandon conventional treat
ment in favor of biologic therapy. Furthermore, IFX given at the 
clinic led to more total visits, potentially providing a sense of being 
better taken care of. In addition, it is known that more intensive 
interventions, such as an infusion, may have higher placebo 
effects (29). This might have affected reports of pain, presum
ably toward less pain in the IFX group. Other limitations include 
the relatively short follow up (central pain sensitization might turn 
up after more longstanding inflammation) and that the trial was 
designed and powered mainly to detect a difference in EULAR 
defined treatment response rates rather than pain and was thus 
possibly underpowered for the current analyses.

Finally, it should be noted that the current study comprises 
several secondary analyses that have an exploratory character. 
This warrants caution in the interpretation of the results, which 
ought to be viewed as suggestive rather than confirmatory.

In conclusion, almost one third of new onset RA patients 
with insufficient response to MTX experienced unacceptable 
pain after 21 months despite early active additional treatment, 
and refractory pain indicative of a noninflammatory mechanism 
accounted for more than 4/5 of this pain load. This pattern was 
observed already 3 months after the start of combination ther
apy. Adding IFX, as compared to addition of SSZ plus HCQ, 
reduced both cumulative pain over 21 months and unacceptable 
pain at 21 months. This lends some support to a better effect 
on long term pain for the biologic treatment compared with tri
ple therapy. However, our findings are also in line with insufficient 
effects of current treatment strategies to prevent development 
of inflammation independent pain components, warranting early 
alternative treatment approaches in affected patients.
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Changes in Disease- Modifying Antirheumatic Drug 
Treatment for Patients With Rheumatoid Arthritis in 
the US During the COVID- 19 Pandemic: A Three- Month 
Observational Study
Kaleb Michaud,1  Sofia Pedro,2 Kristin Wipfler,2 Ekta Agarwal,3 and Patricia Katz4

Objective. To understand medication, lifestyle, and clinical care changes of persons with rheumatoid arthritis (RA) 
during the first months (March 2020 through May 2020) of the COVID- 19 pandemic in the US.

Methods. Data were collected from adults with RA participating in FORWARD, The National Databank for 
Rheumatic Diseases observational registry, who answered COVID- 19 web- based surveys in May 2020 and previously 
provided baseline characteristics and medication use prior to the US COVID- 19 pandemic. We compared medication 
changes by disease- modifying antirheumatic drug (DMARD) exposure in logistic models that were adjusted for age, 
sex, comorbidities including pulmonary and cardiovascular diseases, education level, health insurance status, RA 
disease activity, fatigue, and polysymptomatic distress.

Results. Of 734 respondents, 221 (30%) reported medication changes. Among respondents who experienced 
a medication change, i.e., “medication changers/changers,” glucocorticoids (GCs) were more commonly used 
compared to respondents who did not experience a medication change (“non- changers”) (33% versus 18%). Non- 
hydroxychloroquine conventional DMARDs were less commonly used in changers compared to non- changers pre– 
COVID- 19 (49% versus 62%), and changers reported more economic hardship during the COVID- 19 pandemic 
compared to non- changers (23% versus 15%). While JAK inhibitor use was associated with the likelihood of a 
medication change, with an odds ratio (OR) of 1.9 (95% confidence interval [95% CI] 1.0, 3.4), only pre- COVID GC 
use remained a strong predictor for medication change in multivariable models (OR 3.0 [95% CI 1.9, 4.9]). Change 
in care was observed to have a significant association with pulmonary disease (OR 2.9 [95% CI 1.3, 6.5]), worse RA 
disease activity (OR 1.1 [95% CI 1.0, 1.1]), and GC use (OR 1.6 [95% CI 1.0, 2.5]). While the incidence of medication 
changes was the same before and after the American College of Rheumatology (ACR) guidance for the management 
of rheumatic disease in adult patients during the COVID- 19 pandemic were first published in April 2020, self- imposed 
changes in medication were approximately twice as likely before publication of the guidelines, and physician- guided 
changes were more likely after publication.

Conclusion. Persons with RA in the US made substantial medication changes during the first three months of the 
COVID- 19 pandemic, and changes among persons with RA after publication of the ACR guidance in April 2020 were 
made with increased physician guidance.

INTRODUCTION

In December 2019, the novel coronavirus SARS– CoV- 2 was 
identified in Wuhan, China. It was determined to be responsible 

for the outbreak of COVID- 19, which was declared a pandemic 
by the World Health Organization in March 2020. People with 
rheumatic and musculoskeletal diseases have been impacted 
during this pandemic through their greater risk of infection due 
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to immune dysregulation, comorbidities, and immune- modulating 
treatments (1– 3), and at the same time, many of these immune- 
modulating treatments (e.g., hydroxychloroquine [HCQ], glu-
cocorticoids [GCs], interleukin- 1 [IL- 1] and IL- 6 inhibitors, JAK 
inhibitors) are being tested to prevent or treat COVID- 19 (4– 6), 
which has caused some confusion and concerns about the actual 
risks posed to individuals with rheumatic and musculoskeletal dis-
eases (7). Additionally, changes in access to treatment and care 
have made it difficult for patients to understand how best to take 
care of their health with their conditions. From our recent survey 
during the first two weeks of the pandemic, almost half of patients 
with rheumatic and musculoskeletal diseases described signifi-
cant disruptions to their rheumatology care, including disrupted or 
postponed appointments and self- imposed or physician- directed 
changes to medications (8).

The pandemic has also presented particular challenges to 
rheumatologists in caring for their patients and managing their 
patients’ medical conditions. On April 13, 2020, the American 
College of Rheumatology (ACR) provided the first clinical guid-
ance on the treatment of rheumatic and musculoskeletal dis-
eases including rheumatoid arthritis (RA) during the COVID- 19 
pandemic, highlighting the need for patients to continue use of 
disease- modifying antirheumatic drugs (DMARDs), control dis-
ease activity, and discontinue or reduce prednisone/GC steroid 
use. For those with documented or presumptive COVID- 19 infec-
tion, only HCQ and IL- 6 biologic agents were recommended for 
continued use (9).

Despite the multitude of new literature on COVID- 19 (10), 
there is still little known about treatment patterns at the individual 
level in the middle of this pandemic. For example, are individu-
als with RA and prescribers following ACR recommendations? 
Are persons with RA practicing social distancing? Are patients 
prescribed certain medications pre– COVID- 19 more likely to 
discontinue therapy than others? The aims of this study there-
fore were to fill important knowledge gaps concerning changes 
in treatment and to understand prescriber and patient behaviors 
around management of medications and disease condition during 

the pandemic. We set out to characterize lifestyle and clinical care 
changes, to understand the rationale for changes in medication, 
and to identify associations between those changes and baseline 
characteristics in persons with RA.

PATIENTS AND METHODS

Study population. The study population consisted of par-
ticipants with RA ages 18 years or older enrolled in FORWARD, 
The National Databank for Rheumatic Diseases, an observa-
tional, multi- disease patient registry (11). In addition to regular 
comprehensive semiannual questionnaires, participants were 
invited by email every two weeks between March 25, 2020 and 
June 2, 2020 to complete up to five supplementary COVID- 19 
questionnaires. The results of the first March 25, 2020 survey 
were previously published (8).

For this analysis, we required completion of at least one semi-
annual questionnaire between January 2018 and January 2020 
and at least one COVID- 19 questionnaire administered in May and 
June of 2020. Additionally, we required participants to be taking 
at least one of the following medications: HCQ, another conven-
tional synthetic DMARD (csDMARD), tumor necrosis factor inhibi-
tor biologic DMARD (TNFi bDMARD), non- TNF (NTNF) bDMARD, 
JAK inhibitor, nonsteroidal antiinflammatory drugs (NSAIDs), and/
or GCs.

Questionnaires used in the FORWARD registry. 
Questionnaires used in the Forward Databank are administered 
semiannually every January and July and collect an array of 
patient- reported outcomes. Information on treatments include 
doses, pill sizes, months taken, start and stop dates, discontin-
uation reasons, and side effects. Demographic characteristics, 
socioeconomic status, productivity, comorbidities, important med-
ical events, health- related quality of life, health symptoms, and 
disease- specific outcomes measures are also assessed (11).

The COVID- 19 questionnaires used in these analyses were 
administered between May 6, 2020 and June 2, 2020 and focused 
on patient perspectives and experiences in the two weeks prior to 
questionnaire completion (see Supplementary Materials for COV-
ID- 19 questionnaire used in the present study, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24611/ abstract). Participants were asked about 
RA disease activity, development of new COVID- 19– related symp-
toms, testing for COVID- 19, changes in their rheumatology care, 
and lifestyle and economic changes caused by the pandemic.

Outcomes measures and variables of interest. Par-
ticipants were characterized by demographic characteristics 
and clinical status, including age, sex, ethnicity, marital status, 
geographical area (urban versus rural setting), smoking sta-
tus, body mass index, Rheumatic Disease Comorbidity Index 
(RDCI) (12), functional status (Health Assessment Questionnaire II 

SIGNIFICANCE & INNOVATIONS
• This is the first study to track changes in disease- 

modifying antirheumatic drug use in people with 
rheumatoid arthritis during the US COVID- 19 pan-
demic.

• Respondents made substantial medication changes 
during the first three months of the COVID- 19 pan-
demic, both with and without physician guidance.

• Changes made after publication of the American 
College of Rheumatology guidance for the manage-
ment of rheumatic disease in adult patients during 
the COVID- 19 pandemic were more likely to be 
made with physician guidance, though this finding 
was not statistically significant.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
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[HAQ- II]) (13), self- reported disease activity (Patient Activity Scale 
II [PAS- II]) (14), patient global health assessment, ratings of fatigue 
and pain, number of prior DMARDs received, polysymptomatic 
distress scale (PSD) (15), self- reported disease activity at the 
time of supplementary questionnaire completion (low/moderate/
severe), and economic changes as a result of the COVID- 19 pan-
demic (defined as any loss of employment, reduced household 
income, and/or loss of health insurance).

DMARDs were categorized in a mutually exclusive hierarchi-
cal manner, assigning each patient to their highest category fol-
lowing this sequence: no DMARDs, csDMARDs, TNFi bDMARDs, 
NTNF bDMARDs, and JAK inhibitors. Although HCQ is a csD-
MARD, its use was modeled separately as a binary indicator due 
to the attention it has received during the COVID- 19 pandemic 
and its common concomitant use to treat RA. Additionally, binary 
indicators for all drug groups, including NSAIDs and GCs, were 
used since patients could have been taking more than one drug 
simultaneously.

Patients were classified as “medication changers/changers” 
if they discontinued a medication, added other drugs, or changed 
the dose of a DMARD, GC, or NSAID after March 1, 2020. 
“Non- changers” were those patients who indicated that they did 
not make any medication changes in the specified time period. 
The medication changers were subclassified by type of change. 
Data on the reasons for medication change, whether the change 
was self- initiated or directed by a physician or other healthcare 
provider, and the dates for these drug changes were also col-
lected. Patients were also categorized according to whether they 
reported any changes in rheumatology care or lifestyle.

Statistical analysis. Participants were described at base-
line (based on the most recent semiannual observation) according 
to whether they did or did not report any changes in medications 
on the COVID- 19 questionnaire. Continuous and categorical 
variables were assessed by t- test and chi- square/Fisher’s exact 
test,  respectively, as appropriate. Participants who reported 
changes in medications, healthcare, and lifestyle were described 
by DMARD group.

Logistic regression models were performed to assess the 
likelihood of changing medication and of reporting a change in 
care by DMARD group, adjusted for disease severity (PAS- II), 
demographic characteristics, and clinical information. We used 
the following two models: Model 1 (DMARD group, HCQ, and 
GC) and Model 2 (Model 1 categories plus age, sex, presence 
of pulmonary disease, presence of cardiovascular disease, RDCI 
score [excluding pulmonary and cardiovascular disease], educa-
tional level, Medicare status, PAS- II, presence of fatigue, history of 
prior DMARDs, and PSD score).

Sensitivity analyses were performed to ascertain the robust-
ness of results: 1) the logistic models were estimated by enter-
ing each DMARD drug variable as an individual binary variable, 
allowing for overlapping use and 2) replacing PAS- II with its 3 

components HAQ- II, pain, and patient global health assess-
ment. Reasons for medication changes were reported by type 
of change, drug class, and whether changes were physician- 
directed or self- decided.

Finally, a time- to- event analysis was conducted to determine 
the time (in days) to a drug change from March 1, 2020. For those 
with no changes, the time from March 1, 2020 until the COV-
ID- 19 questionnaire date was calculated. Kaplan- Meier estimator 
and log- rank tests were used to compare the different DMARD 
groups with respect to this outcome. This analysis also assessed 
how the publication of ACR guidance for rheumatic and mus-
culoskeletal disease treatment in the context of the COVID- 19 
pandemic were associated with drug changes. Analyses were 
performed for those who made medication changes prior to pub-
lication of the ACR guidelines (March 1, 2020 to April 15, 2020) 
and those who made changes after publication (April 16, 2020 to 
questionnaire completion) by reason for change and physician- 
directed status.

RESULTS

Patients. Of the 1,411 participants who completed at 
least one of the COVID- 19 questionnaires and a prior semian-
nual questionnaire, 734 had RA as their primary diagnosis and 
were receiving treatment with at least one of the drugs of interest 
(HCQ, other csDMARDs, TNFi bDMARDs, NTNF bDMARDs, JAK 
inhibitors, NSAIDs, or GCs). The time between prior FORWARD 
questionnaire completion and supplementary questionnaire com-
pletion was a median 8 months (interquartile 6– 9 months), and 
the mean ± SD duration was 8 ± 3 months, with 98% of partici-
pants completed the supplementary questionnaires 4– 12 months 
after completing the first FORWARD questionnaire.

Respondents had a mean age of 65 years, were mostly 
female (86%) and White (93%), with an average of 15 years of 
education (Table 1). In terms of the drug class distributions (each 
participant could be in more than one category), 21% of respond-
ents were receiving HCQ therapy, 58% received other csDMARDs, 
35% received TNFi bDMARDs, 27% received NTNF bDMARDs, 
and 10% received treatment with JAK inhibitors.

Of the 734 respondents with RA, 30.1% reported at least 
one medication change. Those who had changes were more 
likely to be younger and to have worse (higher) patient- reported 
outcome measure values, including those on the HAQ- II (0.9 ver-
sus 0.7) and PAS- II (3.1 versus 2.7), compared to non- changers. 
Changers also more frequently received treatment with GCs (33% 
versus 18%) and were less likely to have received non- HCQ csD-
MARDs prior to the COVID- 19 pandemic (49% versus 62%). No 
differences in comorbidities were found between the two groups. 
Changers were more likely to have experienced a negative eco-
nomic impact during this period (23% versus 15%) and to report 
nonrheumatic disease– related medication changes (15% versus 
10%) (Table 1).
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Medication, care, and lifestyle changes. Table 2 shows 
the percentage of respondents who reported medication changes, 
care changes, and lifestyle changes by type of change within each 
DMARD class. Participants may have experienced more than 
one change for the same DMARD group and may be allocated 
to more than one DMARD group.

The percentage of respondents who had medication 
changes by DMARD group varied between 12% for HCQ 
and 23% for TNFi bDMARDs. By type, bDMARD (irrespec-
tive of mechanism of action) and JAK inhibitor users reported 
stopping or delaying the intake of that DMARD more often than 

csDMARDs or HCQ users (16– 18% versus 4– 8%). Further 
inspection of the JAK inhibitor treatment group showed that this 
difference was driven primarily by use of upadacitinib and baric-
itinib, which had 5 (71%) of 7 respondents stop or delay treat-
ment, whereas tofacitinib had 7 (11%) of 64 respondents stop 
or delay treatment. Five percent of changers reported adding 
HCQ to their treatment regimen. All other medication changes 
related to adding drugs or changing dose were reported by <4% 
of patients of any DMARD group. The percentage of patients 
who did not report a change in treatment varied between 77% 
and 88%.

Table 1. Baseline characteristics of patients who changed their usual medications compared to patients 
who did not have medication changes during the first three months of the US COVID- 19 pandemic*

Overall, Non- changer, Changer,
Pn = 734 (100) n = 513 (69.9) n = 221 (30.1)

Demographic characteristics
Age, mean ± SD years 64.7 ± 14.7 65.9 ± 10.4 61.9 ± 11.7 <0.001
Male sex 104 (14.2) 81 (15.8) 23 (10.5) 0.057
White 677 (93.4) 474 (93.7) 203 (92.7) 0.625
Education, mean ± SD years 15.3 ± 2.1 15.3 ± 2.0 15.3 ± 2.2 0.917
Married 487 (68.1) 348 (68.1) 139 (68.1) 0.993
Rural setting 145 (20.2) 101 (20.1) 44 (20.6) 0.883
Ever smoked 281 (38.3) 197 (38.4) 84 (38.1) 0.920
Body mass index, mean ± SD kg/m2 28.5 ± 7.53 28.4 ± 7.54 28.6 ± 7.53 0.865
Medicare health insurance 316 (43.1) 242 (47.2) 74 (33.5) 0.001
Economic change† 125 (17.0) 75 (14.6) 50 (22.6) 0.008

Comorbid conditions
RDCI, mean ± SD 2.4 ± 1.81 2.33 ± 1.85 2.38 ± 1.73 0.769
Heart disease 55 (7.7) 37 (7.2) 18 (8.8) 0.465
Pulmonary disease 55 (7.5) 36 (7.0) 18 (8.8) 0.408
Type 2 diabetes mellitus 45 (6.3) 34 (6.6) 11 (5.4) 0.538

Medications
HCQ 153 (20.8) 106 (20.7) 47 (21.3) 0.853
Other csDMARDs 427 (58.2) 318 (62.0) 109 (49.3) 0.001
TNFi bDMARDs 257 (35.0) 181 (35.3) 76 (34.4) 0.816
NTNFI bDMARDs 199 (27.1) 137 (26.7) 62 (28.1) 0.706
JAK inhibitors 70 (9.5) 43 (8.4) 27 (12.2) 0.105
Glucocorticoids 165 (22.5) 93 (18.1) 72 (32.6) <0.001
NSAIDs 277 (37.7) 198 (38.6) 79 (35.8) 0.465
Number of prior DMARDs, mean ± SD 4.0 ± 2.1 3.9 ± 2.1 4.3 ± 2.0 0.029
Other medication changes (non- RA) 83 (11.3) 50 (9.8) 33 (14.9) 0.042

Patient- reported outcomes
Disease activity‡

Low 337 (46.1) 375 (51.1) 265 (35.8) <0.001
Moderate 323 (44.2) 105 (47.5) 218 (42.8)
Severe 68 (9.3) 37 (16.7) 31 (6.1)
Unknown 3 (0.4) 1 (0.5) 2 (0.4)

Pain VAS, mean ± SD 3.15 ± 2.49 3.05 ± 2.47 3.41 ± 2.53 0.087
Patient global VAS, mean ± SD 3.08 ± 2.31 2.92 ± 2.27 3.49 ± 2.38 0.003
Fatigue VAS, mean ± SD 3.58 ± 2.81 3.34 ± 2.76 4.20 ± 2.85 <0.001
HAQ- II, mean ± SD 0.76 ± 0.60 0.72 ± 0.59 0.85 ± 0.62 0.016
PAS- II, mean ± SD 2.85 ± 1.94 2.73 ± 1.92 3.14 ± 1.96 0.021
PSD scale, mean ± SD 7.61 ± 5.67 7.21 ± 5.48 8.68 ± 6.05 0.009

* Values are the number (%) unless indicated otherwise. bDMARDs = biologic disease- modifying antirheumatic
drugs; csDMARDs = conventional synthetic DMARDs; HAQ-II = Health Assessment Questionnaire II; HCQ = 
hydroxychloroquine; NSAIDs = nonsteroidal antiinflammatory drugs; NTNFI = non– tumor necrosis factor 
inhibitor; PAS- II = Patient Activity Scale II; PSD = Polysymptomatic Distress; RA = rheumatoid arthritis; RDCI = 
Rheumatic Disease Comorbidity Index; VAS = visual analog scale. 
† Reported an economic impact from COVID- 19 (loss of employment, reduced household income, and/or loss 
of health insurance). 
‡ Self- reported disease activity at the time of COVID- 19 questionnaire completion. 
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Regarding care changes, the percentage of respondents 
who canceled or postponed appointments was relatively uniform 
by DMARD group, varying between 28% and 35%. Respon-
dents receiving treatment with NTNF bDMARD or JAK inhibitor 
reported switching to telehealth appointments more frequently 
than respondents who received HCQ and other csDMARDs (42% 
and 47% for NTNF users and JAK inhibitor users, respectively, 
as compared to 34– 36% for HCQ/other csDMARDs users), and 
the TNFi bDMARDs treatment group had the lowest percentage 
of respondents who switched to telehealth appointments (31%). 
Between 3% to 6% of all respondents could not reach their rheu-
matology office, and 4– 7% could not obtain their medication, 
except for HCQ users, who reported a higher frequency of being 
able to obtain medication as compared to the other treatment 
groups (10%).

Some types of lifestyle changes were adopted by almost all 
of the cohort regardless of DMARD treatment, including washing 
hands more often and wearing a mask (≥94% in all drug groups). 
Self- quarantining was reported in more than half of the sample for 
all DMARD categories (53– 56%), except for JAK inhibitor users 
(39%), but higher rates of hand sanitizer use and canceled travel 
were observed among JAK inhibitor users.

Association between medication changers and 
baseline characteristics. Results from the logistic models are 
shown for models including both medication changers and care 
changers (Table 3). In Model 1, medication changers seemed more 
likely to be JAK inhibitor users, with an odds ratio (OR) of 1.9 (95% 

confidence interval [95% CI] 1.0, 3.4), though this result did not 
reach statistical significance and was attenuated in the multivar-
iable Model 2. GC use was the only strong factor influencing the 
association between medication changes and baseline character-
istics (OR 3.0 [95% CI 1.9, 5.2]).

When analyzing care changes, no association was found 
with any particular DMARD group in either model. Care changers 
were more likely to have pulmonary disease (OR 2.9 [95% CI 1.3, 
6.5]), with a tendency for worse disease activity (OR 1.1 [95% CI 
1.0, 1.1]) and GC use (OR 1.6 [95% CI 1.0, 2.5]).

Reasons for medication change. Participants were asked 
to report reasons why they stopped/delayed a drug or changed 
the dose. This question was not prompted when the change type 
was “added other drugs.” Reasons by change type and physi-
cian approval are presented in Table 4. Adding a new medication 
and changing the dose of a medication were changes signifi-
cantly more likely to be directed by a physician (90% and 66%, 
respectively) compared to stopping/delaying a medication (53%) 
(P < 0.001).

Of the six participants who reported a COVID- 19 diagnosis  
(four cases presumed by physician, one case confirmed by poly-
merase chain reaction [PCR] test, and one confirmed by anti-
body test), three had medication changes (two participants who 
were presumed COVID- 19– positive and one participant who was 
confirmed COVID- 19– positive by PCR test), and three did not 
have medication changes. Of those with medication changes, two 
respondents received physician approval and one did not.

Table 2. Characterization of medication, care, and lifestyle changes by drug class*

HCQ
Other 

csDMARDs TNFi NTNFi
JAK 

inhibitors Glucocorticoids
(n = 153) (n = 427) (n = 257) (n = 199) (n = 70) (n = 165)

Medication change
Stopped/delayed 6 (3.9) 35 (8.2) 17.6 (46) 32 (15.9) 12 (17.1) 6 (3.6)
Added 8 (5.2) 6 (1.4) 3.5 (9) 6 (3.0) 2 (2.9) 33 (20.0)
Increased dose 3 (2.0) 12 (2.8) 2.3 (6) 2 (1.0) 1 (1.4) 13 (7.9)
Decreased dose 3 (2.0) 13 (3.0) 0.4 (1) 1 (0.5) 2 (2.8) 5 (3.0)
No change 134 (87.6) 366 (85.7) 77.4 (199) 160 (80.4) 54 (77.1) 112 (67.9)

Care change
Canceled/postponed appointments 48 (31.0) 142 (32.9) 34.9 (91) 56 (27.9) 21 (30.0) 40 (36.4)
Switched to teleconference 55 (35.5) 146 (33.8) 31.0 (81) 84 (41.8) 33 (47.1) 76 (46.1)
Could not reach rheumatology office 7 (4.5) 13 (3.0) 3.1 (8) 6 (3.0) 4 (5.7) 8 (4.9)
Could not obtain medication 16 (10.3) 18 (4.2) 4.2 (11) 11 (5.5) 5 (7.1) 9 (5.5)

Lifestyle change
Self- quarantining† 88 (56.8) 233 (53.9) 138 (52.9) 112 (55.7) 28 (39.4) 102 (61.8)
Working/attending school from home 35 (22.6) 87 (20.1) 63 (24.1) 49 (24.4) 18 (25.4) 26 (15.8)
Canceled travel 75 (48.4) 200 (46.3) 127 (48.7) 88 (43.8) 41 (57.8) 63 (38.2)
Washing hands more often 147 (94.8) 412 (95.4) 252 (96.6) 189 (94.0) 70 (98.6) 158 (95.8)
Using hand sanitizer more often 119 (76.8) 323 (74.8) 202 (77.4) 162 (80.6) 66 (93.0) 127 (77.0)
Wearing a mask 149 (96.1) 417 (96.5) 251 (96.2) 188 (93.5) 69 (97.2) 158 (95.8)
Wearing gloves 71 (45.8) 194 (44.9) 126 (48.3) 97 (48.3) 29 (41.4) 68 (41.2)

* Values are the number (%). Patients can be in more than 1 drug category. csDMARDs = conventional synthetic disease- modifying 
antirheumatic drugs; HCQ = hydroxychloroquine; NTNFi = non– tumor necrosis factor inhibitor. 
† Did not leave home at all in 2 weeks prior to COVID- 19 questionnaire completion, or only left for essential services (grocery/
pharmacy/health care). 
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The most commonly reported reason for stopping or delay-
ing a drug was concern about COVID- 19 (39%), followed by con-
cern about other illness or infections (16%), canceled/postponed 
appointments (13%), and side effects (12%). All other reasons for 
stopping or delaying a drug were reported by <10% of patients. 

For those who reported a change of dose, having a flare of dis-
ease activity was the most frequent reason (41%), followed by 
concern about COVID- 19 (17%) and other unspecified reasons 
(13%). Among individuals that stopped, delayed, or changed the 
dose of a medication, those who did so due to concern about 

Table 3. Association between DMARD group and changes in medication/care as shown by regression 
models*

Medication change Care change

Model 1  
(n = 734)

Model 2  
(n = 513)

Model 1  
(n = 734)

Model 2  
(n = 513)

DMARDs
Referent csDMARDs

No DMARDS 1.59 (0.81, 3.11) 1.21 (0.49, 3.01) 0.84 (0.44, 1.60) 0.72 (0.33, 1.59)
TNFi bDMARDS 1.17 (0.74, 1.84) 1.05 (0.58, 1.90) 0.82 (0.54, 1.23) 0.88 (0.53, 1.46)
NTNFi bDMARDs 1.24 (0.77, 1.99) 1.26 (0.68, 2.36) 0.95 (0.62, 1.45) 0.94 (0.55, 1.62)
JAK inhibitors 1.85 (1.01, 3.38) 1.55 (0.68, 3.51) 1.21 (0.68, 2.17) 1.13 (0.53, 2.40)

HCQ 1.07 (0.70, 1.62) 1.06 (0.62, 1.82) 1.05 (0.72, 1.55) 1.06 (0.66, 1.71)
Glucocorticoids 2.14 (1.48, 3.09) 3.02 (1.88, 4.85) 1.71 (1.18, 2.48) 1.59 (1.01, 2.50)
NSAIDs – 1.07 (0.69, 1.64) – 0.98 (0.67, 1.42)
Age, years – 0.99 (0.96, 1.01) – 0.99 (0.97, 1.01)
Male sex – 0.81 (0.43, 1.52) – 1.24 (0.73, 2.09)
RDCI, 0–7† – 0.93 (0.81, 1.08) – 0.98 (0.86, 1.11)
Pulmonary disease – 1.60 (0.72, 3.54) – 2.89 (1.28, 6.54)
Cardiovascular disease – 1.07 (0.47, 2.47) – 0.93 (0.44, 1.94)
Educational level, years – 1.06 (0.95, 1.19) – 0.97 (0.88, 1.07)
Medicare health insurance – 0.71 (0.43, 1.17) – 1.03 (0.67, 1.60)
PAS- II, 0–10 – 0.98 (0.83, 1.15) – 1.10 (0.95, 1.27)
Number of prior DMARDs – 1.07 (0.96, 1.18) – 1.01 (0.92, 1.11)
PSD scale – 1.01 (0.96, 1.06) – 1.01 (0.96, 1.06)
Fatigue VAS, 0–10 – 1.11 (0.99, 1.24) – 1.01 (0.91, 1.11)

* Values are the odds ratio (95% confidence interval). bDMARDs = biologic disease- modifying antirheumatic 
drugs; csDMARDs = conventional synthetic DMARDs; HCQ = hydroxychloroquine; NSAIDs = nonsteroidal 
antiinflammatory drugs; NTNFi = non– tumor necrosis factor inhibitor; PAS- II = Patient Activity Scale II; PSD =  
Polysymptomatic Distress; RDCI = Rheumatic Disease Comorbidity Index; Rheumatic VAS = visual analog 
scale. 
† The RDCI was calculated excluding pulmonary and cardiovascular disease, which were controlled 
individually. 

Table 4. Reasons for medication change by type of change and physician approval*

Reason for medication 
change

Stopped/delayed medication Changed medication dose

All
Not approved  
by physician

Approved by  
physician P All

Not approved  
by physician

Approved by  
physician P

Total 153 (100) 68 (44.4) 81 (52.9) 68 (100) 23 (33.8) 45 (66.2)
Did not work 13 (8.5) 1 (1.5) 12 (14.8) 0.004 3 (4.4) 1 (4.3) 2 (4.4) 0.985
Side effects 18 (11.8) 4 (5.9) 14 (17.3) 0.033 6 (8.8) 0 (0.0) 5 (11.1) 0.097
Cost 2 (1.3) 2 (2.9) 0 (0.0) 0.120 0 (0.0) 0 (0.0) 0 (0.0) – 
Canceled/postponed 

appointments
20 (13.1) 16 (23.5) 4 (4.9) 0.001 0 (0.0) 0 (0.0) 0 (0.0) – 

Not available 5 (3.3) 5 (7.4) 0 (0.0) 0.013 6 (8.8) 2 (8.7) 3 (6.7) 0.762
Worried about COVID- 19 60 (39.2) 37 (54.4) 20 (24.7) 0.000 12 (17.6) 6 (26.1) 6 (13.3) 0.192
Other illness/infection 24 (15.7) 9 (13.2) 15 (18.5) 0.382 2 (2.9) 0 (0.0) 2 (4.4) 0.305
Loss of insurance 3 (2.0) 3 (4.4) 0 (0.0) 0.056 1 (1.45) 0 (0.0) 1 (2.2) 0.471
Having a disease flare 4 (2.6) 0 (0.0) 4 (4.9) 0.063 28 (41.2) 9 (39.1) 19 (42.2) 0.806
Surgery/medical procedure 8 (5.2) 2 (2.9) 6 (7.4) 0.228 0 (0.0) 0 (0.0) 0 (0.0) – 
Doctor recommended, 

unspecified reason
3 (2.0) 0 (0.0) 3 (3.7) 0.109 2 (2.9) 0 (0.0) 2 (4.4) 0.305

No longer needed (e.g., 
disease flare over)

7 (4.6) 0 (0.0) 7 (8.6) 0.013 6 (8.8) 4 (17.4) 2 (4.4) 0.075

Other 14 (9.2) 4 (5.9) 9 (11.1) 0.260 9 (13.2) 2 (8.7) 7 (15.6) 0.430
* Values are the number (%). Values reflect number of changes and not number of patients. Respondents could select more than one reason. 
Four patients did not indicate if their decision to stop medication was physician approved. 
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COVID- 19 reported higher fatigue scores (mean ± SD 4.8 ± 2.7 
versus 3.7 ± 2.8) (P = 0.02), but had no other significant dif-
ferences in patient- reported outcomes, comorbid conditions, or 
demographic characteristics (Supplementary Table 1, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24611/ abstract). When looking at 
reasons by type of change and physician approval, efficacy, side 
effects, and no longer needing a medication were more likely to 
be directed by the physician as a reason for stopping/delaying 
a medication, as opposed to concern about COVID- 19, avail-
ability of the drug, or canceled/postponed appointments. For 
respondents who reported changing a medication dose, no 
significant differences were found between reasons for medica-
tion change, regardless of whether the change was physician- 
directed or not.

Reasons for change were further inspected by change type 
within each drug class (Supplementary Table 2 [http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24611/ abstract]). Worry about COV-
ID- 19 was a constant reason and, in most of the cases, the most 
common reason for any medication change, irrespective of drug 
class. For HCQ users, lack of availability was the main reason for 
stopping/delaying the drug or changing dose. For respondents 
who used other csDMARDs, having a flare of disease activity was 
the main reason for adding other drugs to their treatment regi-
men. Worry about infections or other illness was also a frequent 
reason for stopping among TNFi and NTNF users, and in NTNF 
users, cancellation of appointments was also considered a signif-
icant reason for stopping or delaying the medication. Lastly, for 
respondents who received JAK inhibitors, canceled appointments 
and worry about COVID- 19 were the main reasons for stopping 
or delaying medication.

Time to medication change. Descriptive statistics for 
time to medication change by hierarchical DMARD group are 
shown (Table 5). Some respondents were excluded from this 
analysis because they did not report date of medication change 
(17% of changers had missing date of change). The probability 
of change ranged from 23% to 34%, and there was no signifi-
cant difference between drug classes when selecting the highest 
DMARD level of each respondent. The probability of a respondent 

not experiencing any change in medication within 60 days of 
March 1, 2020 ranged from 76% to 84%, and within 90 days, 
ranged from 63% to 76%.

Finally, Kaplan- Meier analysis was used to estimate the impact 
of the publication of the ACR guidance in April 2020 on medica-
tion use. Figure 1 shows overlaid curves for medications chang-
ers pre– ACR guidelines and post– ACR guidelines under a variety 
of conditions. The overall probability of changing medication was 
26.3%, with an annual incidence rate (IR) of 1.39 (95% CI 1.21, 
1.61). The number of changers was evenly distributed, with 93 
patients overall experiencing a medication change prior to April 
15 (IR = 1.15 [95% CI 0.93, 1.43]; probability of change 13.5%); 
among changers, the IR was 17.67 (95% CI 14.42, 21.66). Ninety 
patients overall made a medication change after April 15, with 
an IR of 1.74 (95% CI 1.41, 2.14) and a probability of change 
of 15.5%; among changers who changed medication after April 
15, the IR was 21.02 (95% CI 17.10, 25.84). However, when 
restricted to only those patients who made a medication change 
in response to COVID- 19, most changes occurred prior to April 
15, with 33 changes occurring prior to April 15 and 13 changes 
occurring after this date. While fewer COVID- 19– specific changes 
took place after April 15, the changes that were made after April 
15 occurred more quickly (IR 18.60 [95% CI 13.22, 26.16] versus 
IR 24.60 [95% CI 14.29, 42.37] for changes made prior to April 
15 and after April 15, respectively). The IRs for both physician- 
approved and non– physician- approved medication changes were 
higher after April 15 than prior to this date, with approximately 
equal sample sizes.

DISCUSSION

Our results show that individuals with RA who had medica-
tion changes in the first three months of the COVID- 19 pandemic 
in the US were more likely to experience increased levels of dis-
ease activity and higher exposure to prior DMARDs, but no sta-
tistical difference was found in terms of comorbidities between 
individuals who changed medication in the first three months 
of the pandemic and those who did not. Patients who received 
bDMARDs and JAK inhibitors reported a higher incidence 
of medication discontinuation when compared to patients who 

Table 5. Survival descriptive statistics for the hierarchical DMARD groups*

Hierarchical DMARD  
drug class

Time at risk  
(days)

Probability 
of change

No 
subjects

Survival time Probability of no change

25% 50% 60 days 90 days
No DMARDs 3,635 0.38 55 61 – 0.76 0.59
csDMARDs 11,983 0.23 171 – – 0.80 0.76
TNFi† 16,124 0.25 233 80 – 0.82 0.72
NTNFi 11,855 0.25 171 76 – 0.84 0.72
JAK inhibitors 43,80 0.34 66 61 – 0.76 0.63

* csDMARDs = conventional synthetic biologic disease- modifying antirheumatic drugs; NTNFi = non– tumor necrosis
factor inhibitors. 
† P = 0.11 by log rank test. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
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received csDMARDs (16– 18% versus <8%). For changes in care, 
switching to telehealth appointments was the most commonly 
reported change for patients who received NTNF bDMARDs and 
JAK inhibitors (42– 46%), followed by cancelling or postponing 
appointments (28– 35%), depending on the DMARD group. Of 
patients who received HCQ, 10% reported that they did not have 
access to the medication.

Almost all patients changed their behavior in response to 
the pandemic by washing their hands more often and wear-
ing a mask or using hand sanitizer more often, independently 
of DMARD exposure. Other behavior changes (e.g., canceling 
travel) occurred less frequently but were still relevant. We found 
that substantially fewer individuals were restricting social contacts 
than reported by Favalli and colleagues in Lombardy, Italy, where 
90% of patients with rheumatic diseases were following social 
distancing measures (16), although this may have been due to dif-
ferences in the descriptors (self- quarantine versus social distanc-
ing). Unlike prior US studies of the general population (17,18), we 
found no significant differences in education level or health insur-
ance status (Medicare versus other forms of health insurance) in 
adjusted models.

There were no significant differences in medication change 
frequency between DMARD groups. However, medication chang-
ers were three times more likely to be receiving GCs in addition to 
DMARDs. This may reflect efforts to reduce the perceived risk of 
infections due to GCs as well as the likely less controlled disease 
activity associated with GC use (19). The ACR recommendations 
acknowledged controversies in the available evidence for GC use 
and COVID- 19 risk, stating: “If indicated, glucocorticoids should 
be used at the lowest dose possible to control rheumatic dis-
ease, regardless of exposure or infection status. Glucocorticoids 
should not be abruptly stopped, regardless of exposure or infec-
tion status” (9). While this recommendation does not differ from 
the 2015 ACR guidelines for the treatment of RA (20), the major-
ity of responding US rheumatologists purposefully reduced GC 
use during the early part of the US COVID- 19 pandemic (21). In 
addition, the majority of those individuals initiating GCs reported 
flares of disease activity (Supplementary Table 2, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24611/ abstract), though the role the COVID- 19 
pandemic may have had on these flares is unclear. Flares may 
have been the result of stress and lifestyle changes due to the 

Figure 1. Kaplan- Meier curves showing time to medication change before and after April 15, 2020, the date the American College of 
Rheumatology (ACR) guidance for the management of rheumatic disease in adult patients during the COVID- 19 pandemic was published. 
Groups are categorized by reason for medication change and physician approval status, and all incidence rates per 100 patients are shown 
with 95% confidence intervals (95% CIs). A, Overall time to change beginning March 1, 2020 and ending at time of questionnaire completion, 
with 696 medication changes recorded in total. Of medication changes recorded in the pre-ACR guidelines period, 696 occurred with an annual 
incidence rate of 1.16 (95% CI 0.94, 1.40). Of medication changes recorded in the post-ACR guidelines period, 603 occurred with a 14.9% 
probability of change. B and C, Individuals who changed medications before and after the ACR guidance was published (B), and individuals 
who changed medications due to concern about COVID- 19 (C). D, Individuals who had medication changes that were approved by a physician. 
Incidence rate during the pre-ACR guidelines period was 15.80 (95% CI 12.14, 20.59), with 55 medication changes recorded, and incidence 
rate during the post-ACR guidelines period was 19.26 (95% CI 14.92, 24.86), with 59 medication changes recorded. In B– D, Panels are time 
to change before and after ACR guidelines were published, with curves overlaid. See Results for more data on incidence rates and medication 
changes among the patient groups.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24611/abstract
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pandemic, which warrants further investigation. It is beyond the 
scope of the current study to examine treatment for patients with 
COVID- 19, though some of the best evidence of treating people 
hospitalized for COVID- 19 infection involved GC use (22).

Since most disruptions in care should have affected all 
patients during the early weeks of the COVID- 19 pandemic due 
to massive changes in clinical care, we expected individuals 
with greater disease activity and medical utilization to be most 
impacted. Yet pulmonary disease seemed to be the strongest 
factor associated with changes in care (three- fold increase in 
risk), followed by GC use. The results were robust regardless 
of changes in the way the drug variables were categorized, 
how models were selected, or how disease activity was cap-
tured. These findings may be more related to the perceived 
added risk of and/or increased COVID- 19 symptoms early in the 
pandemic (23). Both pulmonary disease and GC use are asso-
ciated with mortality in RA (24), and recent studies find these 
variables similarly associated with COVID- 19 case mortality when 
RA activity was controlled (25).

Fear of COVID- 19 was the most commonly reported reason 
for medication changes, irrespective of drug class. Most changes 
related to dose or adding new medication were approved by phy-
sicians, but only half of changes related to discontinuation were 
physician- approved. Half of patients worried about COVID- 19 
stopped medications without physician approval. A snapshot 
survey of Australian patients with rheumatic and musculoskeletal 
diseases showed the greatest concern of COVID- 19 risk was with 
taking, in declining order, bDMARDs/targeted synthetic DMARDs 
(62%), csDMARDs (methotrexate; 55%), and GCs (38%) (7), which 
is consistent with our findings though the reported concerns of 
patients in the Australian cohort with csDMARD use were propor-
tionally much higher than that subgroup of patients in the pres-
ent study, as only half of the patients who received csDMARDs in 
the present study stopped medications compared to those who 
received treatment with bDMARDs/targeted synthetic DMARDs.

Some limitations of the present study include participa-
tion bias as patients more worried about COVID- 19 may have 
been more willing to participate in the study. In addition, this study 
required online responses, which excluded almost half of the 
current participants in the FORWARD registry who either com-
plete mailed paper forms or telephone interviews. Participants 
who were unable to respond due to having COVID- 19 infection 
were left- censored from our study, although this was likely a rare 
occurrence. While we did not find any association between race 
and education level with access to care or medications, the study 
participants were largely White and had a higher than average 
education level for the US. Also, due to timing of questionnaires, 
we did not have full medication information from participants after 
July 2019 because responses from the January 2020 standard 
questionnaire were not complete, and the 8- month delay may 
have resulted in patients being misallocated to the DMARD 
treatment category if they had switched to another class during 

that time. Last, while the first ACR treatment recommendations 
during the pandemic are a convenient guidepost, it is possible 
that the changes observed were due to secular reasons, such 
as improved understanding of COVID- 19 or improved access to 
clinical care after the initial lockdowns across the US.

Though many items were measured during the early months 
of the US COVID- 19 pandemic, this study has provided important 
evidence of actual patient behavior in regard to changing treat-
ments without physician recommendation due to fear of COV-
ID- 19 risk that has only been theorized in editorials (26). While 
overall risks of contracting COVID- 19 in patients with RA are not 
known and important clinical trials of select RA DMARDs in the 
treatment of COVID- 19 have not concluded (4), there is evidence 
that GC use is associated with hospitalization for COVID- 19 (27). 
These results were published after the surveys were collected 
for the present study but are consistent with our findings as we 
also found statistically important associations between GC use 
and change in medications and care. Last, we also showed what 
was likely the importance of providing early recommendations to 
physicians on how best to treat patients with RA, as physician- 
guided medication changes increased after the ACR guidance 
was first published.

In conclusion, we found that individuals with RA in the US 
had relatively high and consistent rates of medication changes 
through the first three months of the COVID- 19 pandemic. Physi-
cian approval for medication changes increased after publication 
of the ACR guidance for the management of rheumatic disease in 
adult patients during the COVID- 19 pandemic, and most medica-
tion changes made were due to concerns of COVID- 19 risk. We 
found no significant associations with medication changes and 
DMARD class. In full models, only GC use was associated with 
RA medication changes, and GC use and concomitant pulmo-
nary disease were associated with changes in overall care. Further 
studies are needed to follow the trends in RA medication use in 
response to growing knowledge about the COVID- 19 pandemic 
and the impact of medications for both risk and treatment.

ACKNOWLEDGMENTS

We are grateful for the additional contributions by Rebecca 
Schumacher, Teresa Simon, and Drs. Yomei Shaw, Jacob Clarke, and 
Adam Cornish in the creation and implementation of the supplementary 
survey. As always, we could not have done this study without the many 
participants in FORWARD who continue to share their experiences during 
these challenging times.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be published. Dr. Michaud had full access to all the study data and 
takes responsibility for the integrity of the data and the accuracy of the 
data analysis.
Study conception and design. Michaud, Wipfler, Agarwal, Katz.
Acquisition of data. Michaud, Wipfler.
Analysis and/or interpretation of data. Michaud, Pedro, Wipfler.



DMARD CHANGES IN RA PATIENTS DURING THE COVID- 19 PANDEMIC |      1331

ROLE OF THE STUDY SPONSOR

Pfizer had no role in the study design or in the collection, analysis, or 
interpretation of the data, the writing of the manuscript, or the decision to 
submit the manuscript for publication. Publication of this article was not 
contingent upon approval by Pfizer.

REFERENCES
 1. Atzeni F, Masala IF, di Franco M, Sarzi- Puttini P. Infections in rheuma-

toid arthritis. Curr Opin Rheumatol 2017;29:323– 30.

 2. Hsu CY, Ko CH, Wang JL, Hsu TC, Lin CY. Comparing the burdens 
of opportunistic infections among patients with systemic rheumatic 
diseases: a nationally representative cohort study. Arthritis Res Ther 
2019;21:211.

 3. Mehta B, Pedro S, Ozen G, Kalil A, Wolfe F, Mikuls T, et al. Serious 
infection risk in rheumatoid arthritis compared with non- inflammatory 
rheumatic and musculoskeletal diseases: a US national cohort study. 
RMD Open 2019;5:e000935.

 4. NIH. Coronavirus disease 2019 (COVID- 19) treatment guidelines. 
URL: https://www.covid 19tre atmen tguid elines.nih.gov.

 5. Ladani AP, Loganathan M, Danve A. Managing rheumatic diseases 
during COVID- 19. Clin Rheumatol 2020;39:3245– 54.

 6. Kalil AC, Patterson TF, Mehta AK, Tomashek KM, Wolfe CR, 
Ghazaryan V, et al. Baricitinib plus remdesivir for hospitalized adults 
with Covid- 19. N Engl J Med 2021;384:795– 807.

 7. Antony A, Connelly K, De Silva T, Eades L, Tillett W, Ayoub S, et al. 
Perspectives of patients with rheumatic diseases in the early phase 
of COVID- 19. Arthritis Care Res (Hoboken) 2020;72:1189– 95.

 8. Michaud K, Wipfler K, Shaw Y, Simon TA, Cornish A, England BR, 
et al. Experiences of patients with rheumatic diseases in the united 
states during early days of the COVID- 19 pandemic. ACR Open 
Rheumatol 2020;2:335– 43.

 9. Mikuls TR, Johnson SR, Fraenkel L, Arasaratnam RJ, Baden LR, 
Bermas BL, et al. American College of Rheumatology guidance for 
the management of rheumatic disease in adult patients during the 
COVID- 19 pandemic: version 1. Arthritis Rheumatol 2020;72:1241– 51.

 10. Kroon FP, Mikuls TR, Landewe RB. COVID- 19 and how evidence of 
a new disease evolves. Ann Rheum Dis 2021;80:401– 2.

 11. Wolfe F, Michaud K. The National Data Bank for rheumatic diseases: 
a multi- registry rheumatic disease data bank. Rheumatology (Oxford) 
2011;50:16– 24.

 12. Michaud K, Wolfe F. Comorbidities in rheumatoid arthritis. Best Pract 
Res Clin Rheumatol 2007;21:885– 906.

 13. Wolfe F, Michaud K, Pincus T. Development and validation of the 
health assessment questionnaire II: a revised version of the health 
assessment questionnaire. Arthritis Rheum 2004;50: 3296– 305.

 14. Wolfe F, Michaud K, Pincus T. A composite disease activity scale for 
clinical practice, observational studies, and clinical trials: the patient 
activity scale (PAS/PAS- II). J Rheumatol 2005;32:2410– 5.

 15. Wolfe F, Michaud K, Busch RE, Katz RS, Rasker JJ, Shahouri SH, 
et al. Polysymptomatic distress in patients with rheumatoid arthritis: 
understanding disproportionate response and its spectrum. Arthritis 
Care Res (Hoboken) 2014;66:1465– 71.

 16. Favalli EG, Monti S, Ingegnoli F, Balduzzi S, Caporali R, 
Montecucco C. Incidence of COVID- 19 in patients with rheu-
matic diseases treated with targeted immunosuppressive drugs: 
what can we learn from observational data? Arthritis Rheumatol 
2020;72: 1600– 6.

 17. Weill JA, Stigler M, Deschenes O, Springborn MR. Social distancing 
responses to COVID- 19 emergency declarations strongly differenti-
ated by income. Proc Natl Acad Sci U S A 2020;117:19658– 60.

 18. Andersen M. Early evidence on social distancing in response to 
COVID- 19 in the United States. SSRN Electronic Journal 2020. URL: 
https://doi.org/10.2139/ssrn.3569368.

 19. Caplan L, Wolfe F, Russell AS, Michaud K. Corticosteroid use in 
rheumatoid arthritis: prevalence, predictors, correlates, and out-
comes. J Rheumatol 2007;34:696– 705.

 20. Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan 
MC, et al. 2015 American College of Rheumatology Guideline for 
the treatment of rheumatoid arthritis. Arthritis Care Res (Hoboken) 
2016;68:1– 25.

 21. Mehta B, Jannat- Khah D, Mancuso CA, Bass AR, Moezinia CJ, 
Gibofsky A, et al. Geographical variations in COVID- 19 perceptions 
and patient management: a national survey of rheumatologists. 
Semin Arthritis Rheum 2020;50:1049– 54.

 22. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, 
Mafham M, Bell JL, et al. Dexamethasone in hospitalized patients 
with Covid- 19. N Engl J Med 2021;384:693– 704.

 23. Ahmed S, Gasparyan AY, Zimba O. Comorbidities in rheumatic dis-
eases need special consideration during the COVID- 19 pandemic. 
Rheumatol Int 2021;41:243– 56.

 24. Listing J, Kekow J, Manger B, Burmester GR, Pattloch D, Zink A, 
et al. Mortality in rheumatoid arthritis: the impact of disease activity, 
treatment with glucocorticoids, TNFα inhibitors and rituximab. Ann 
Rheum Dis 2015;74:415– 21.

 25. Strangfeld A, Schäfer M, Gianfrancesco MA, Lawson- Tovey S, Liew 
JW, Ljung L, et al. Factors associated with COVID- 19- related death 
in people with rheumatic diseases: results from the COVID- 19 Global 
Rheumatology Alliance physician- reported registry. Ann Rheum Dis 
2021;80:930–42.

 26. Pope JE. What Does the COVID- 19 pandemic mean for rheumatol-
ogy patients? Curr Treatm Opt Rheumatol 2020;6:71– 4.

 27. Gianfrancesco M, Hyrich KL, Al- Adely S, Carmona L, Danila MI, 
Gossec L, et al. Characteristics associated with hospitalisation 
for COVID- 19 in people with rheumatic disease: data from the 
COVID- 19 Global Rheumatology Alliance physician- reported regis-
try. Ann Rheum Dis 2020;79:859– 66.

https://www.covid19treatmentguidelines.nih.gov
https://doi.org/10.2139/ssrn.3569368


1332  

Arthritis Care & Research
Vol. 73, No. 9, September 2021, pp 1332–1337
DOI 10.1002/acr.24327
© 2020, American College of Rheumatology

B R I E F  R E P O R T

Ultrasound Detection of Calcinosis and Association With 
Ulnar Artery Occlusion in Patients With Systemic Sclerosis
Robert Fairchild,1 Melody Chung,1  Laurel Sharpless,1 Shufeng Li,2 and Lorinda Chung3

Objective. To investigate the ability of ultrasound (US) compared to radiographs to detect calcinosis in hands/
wrists of patients with systemic sclerosis (SSc), and to assess US markers of pathologic perfusion.

Methods. Patients with SSc were evaluated for  calcinosis  in the hands/wrists by radiograph and US. The 
presence or absence of calcinosis was recorded by patient, hand, and anatomic zone; sensitivity and specificity 
for  calcinosis  detection  by US versus radiographs was determined. Bilateral US vascular measurements 
of ulnar artery occlusion (UAO) and finger pulp blood flow (FPBF) were obtained. For each hand, associations between 
markers of pathologic blood flow (UAO, FPBF, and a composite severity score of UAO and FPBF) and the presence 
of calcinosis were assessed using generalized estimating equations.

Results. Of 43 patients with SSc (19 diffuse, 24 limited), 39.5% had calcinosis on radiographs compared to 30.2% 
on US. Sensitivity and specificity for US, respectively, were 61% and 95% by zone, 78% and 98% by hand, and 
76% and 100% by patient. UAO was seen in 30% and 28% of left and right hands, respectively; FPBF was absent 
in ≥1 digit of the left and right hands in 49% and 44%, respectively. UAO was associated with radiograph- identified 
calcinosis by hand (odds ratio [OR] 8.08 [95% confidence interval (95% CI) 2.45– 26.60], P < 0.001), whereas FPBF 
and the composite severity score were not significant. UAO was associated with calcinosis even in the absence of 
digital ulcers (OR 33.00 [95% CI 3.39– 321.09], P = 0.003).

Conclusion. US was sensitive and highly specific in detecting calcinosis in SSc. UAO was strongly associated 
with radiograph- identified calcinosis.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune connective tissue 
disease characterized by excessive collagen deposition, vascular 
damage, inflammation, and progressive fibrosis of the skin and 
visceral organs (1). Calcinosis cutis, the deposition of calcium in 
the skin and subcutaneous tissues, is a common and potentially 
debilitating manifestation of SSc, occurring in approximately 25% 
of patients (2). Calcinosis commonly occurs in the hands, with 
associated pain and functional impairment.

Although the pathogenesis of calcinosis is not fully under-
stood, local trauma, chronic inflammation, and vascular hypoxia 
have been proposed as potential mechanisms. Calcinosis occurs 
in tissues that are under chronic stress such as local trauma, or 

that have been damaged secondary to the underlying inflammatory 
process (3). Macrophages, proinflammatory cytokines, and impair-
ment of calcium- regulating proteins have been implicated (4). Fur-
thermore, digital ulcers and ischemia are associated with calcinosis 
in SSc, suggesting a role of vasculopathy and injury in the patho-
genesis of calcinosis (2,5). In the periphery, destructive and obliter-
ative vasculopathy leads to capillary loss, narrowing, and occlusion 
of palmar and ulnar arteries, resulting in Raynaud’s phenomenon, 
digital ischemia, ulceration, and gangrene, and may contribute to 
the development of calcinosis and acro- osteolysis (5– 7).

Calcinosis involvement is typically evaluated with radiogra-
phy, bone scintigraphy, computed tomography, and magnetic 
resonance imaging, but these techniques can be costly, time 
consuming, and/or expose patients to radiation. The dramatic 
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vascular and fibrotic changes associated with SSc are particularly 
amenable to evaluation by ultrasound (US), which has the benefits 
of being a noninvasive, low- cost, nonionizing, point- of- care imag-
ing modality. Conveniently, US provides tissue imaging capabili-
ties for vasculopathy- related disease manifestations and has been 
used to evaluate digital ulcers, calcinosis, and acro- osteolysis 
(7– 13), making it a promising tool for both research and clinical 
SSc evaluation and management. Ulnar artery occlusion (UAO) 
and pathologic finger pulp blood flow (FPBF) are vascular features 
detectable by US and may be helpful for screening patients with 
SSc at risk for digital vascular complications. UAO is a macro-
vascular feature occurring in up to 25% of patients with SSc and 
is more frequent in SSc than in the general population. Pathologic 
FPBF, or a decrease of Doppler signal on the subhypodermal part 
of finger pulp or on the entire finger pulp, has been reported in up 
to 51% of patients with SSc (7).

Few studies have used US to evaluate calcinosis and vas-
culopathy in patients with SSc. Freire et al detected calcinosis in 
17 of 44 patients (39%) using US, with a high sensitivity (89%) 
compared to radiographs (11). Prior studies in SSc have shown 
that UAO and pathologic FPBF are associated with new or recur-
rent digital ulcers (8– 10). Lescoat et al used US findings to show 
concordance between UAO, FPBF, and microvascular disease on 
capillaroscopy, and to show that these measures were associ-
ated with digital pits, ulcers, acro- osteolysis, and calcinosis (10).

Prior studies were limited because they characterized the 
presence or absence of calcinosis by patient and did not specif-
ically evaluate the location of lesions by hand or anatomic zone. 
Associations of calcinosis with UAO and FPBF also ignored asso-
ciations within each hand. Our objective was to evaluate the sen-
sitivity and specificity of US to detect calcinosis in the hands and 
wrists of patients with SSc as compared to radiograph by patient, 
hand, and anatomic zone, and to evaluate the relationship between 
US markers of pathologic perfusion and the presence of calcinosis.

PATIENTS AND METHODS

Study population and ethics approval. Between Feb-
ruary 2018 and February 2019, consecutive patients meeting 
2013 American College of Rheumatology/European Alliance of 
Associations for Rheumatology classification criteria for SSc (14) 

at Stanford University were recruited for this cross- sectional study 
evaluating calcinosis in the hands and wrists by both radiographs 
and US. This study was approved by Stanford University’s Institu-
tional Review Board and informed consent was obtained from all 
patients.

US evaluation. US measurements were performed using a 
GE Logiq E system equipped with a 5– 12 MHz linear array probe 
in standard B- mode. The same experienced ultrasonographer 
(RF) performed all US evaluations and was blinded to all radio-
graphic evaluations. All vascular US measurements were obtained 
and interpreted prior to US calcinosis evaluation. Measurements 
of FPBF and UAO were obtained following techniques previously 
described by Lescoat et al with minor modifications (9). US blood 
flow measurements were made after patients were at rest for 
10 minutes in a room with temperatures ranging 20– 23ºC. Bilateral 
US vascular measurements of UAO and FPBF in the 3rd and 4th 
digits were obtained (Figure 1). Ulnar artery blood flow was meas-
ured on the wrist using a transverse view at Guyon’s canal, at the 
level of the pisiform bone. UAO was defined as a complete lack 
of blood flow on power Doppler US; findings; power Doppler was 
favored over color Doppler to maximize sensitivity for blood flow.

Loss of FPBF in each hand was defined as a lack of power 
Doppler signal in the subhypodermal finger pulp or entire finger 
pulp observed in at least 1 of the 2 evaluated fingers per hand. 
For the calcinosis US examination, the dorsal and palmar aspects 
of the hands and wrists were interrogated by sweeping the probe 
over the skin surface while submerged in lukewarm water. Cal-
cinosis was identified as hyperechoic lesions with or without 
shadowing, located in the skin, soft tissue, tendons, or peritendi-
nous or periarticular areas (Figure 1). The presence or absence 
of calcinosis was recorded in each of the 44  anatomical zones 
as described previously by Chung et al on behalf of the Sclero-
derma Clinical Trials Consortium Calcinosis Working Group (15). 
The left and right hands were divided into 22 anatomic regions 
each, which were defined by the underlying osseous structures 
and included the bone and surrounding soft tissue.

Radiographic evaluation. All patients received bilat-
eral hand and wrist radiographs within 3 months of US evalua-
tion. The same trained and experienced reader (MC) evaluated 
all radiographs according to the study by Chung et al (15), and 
was blinded to the clinical history and US results. The presence 
or absence of calcinosis was recorded in each of the 44 anatomic 
zones as described previously. The presence or absence of acro- 
osteolysis by patient was also recorded (16).

Clinical and laboratory assessment. Standard clinical 
parameters were assessed, including the modified Rodnan skin thick-
ness score and the presence or absence of digital ulcers and pits 
at the time of the US evaluation. Disease manifestations, laboratory 
parameters, and current medications were assessed by chart review.

SIGNIFICANCE & INNOVATIONS
• Ultrasound detection of calcinosis in patients with 

systemic sclerosis (SSc) was highly specific but less 
sensitive compared to radiographs.

• A strong relationship between ultrasound- detected 
ulnar  artery  occlusion and radiograph- identified 
calcinosis was found.

• This study supports an association between vascu-
lar disease in SSc and the pathogenesis of calcinosis.
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Statistical analysis. Sensitivity and specificity for cal-
cinosis detection by US were calculated using radiographs 
as the reference standard. For each hand, associations 
between markers of pathologic blood flow (UAO, FPBF, and 
a composite severity score of UAO and FPBF) and the pres-
ence of calcinosis were assessed using generalized estimating 
equations to estimate the odds ratio (OR) and corresponding 
95% confidence intervals (95% CIs) for the outcome of calci-
nosis, adjusting for intrapatient correlation from both left and 
right hands. Since calcinosis has been associated with digi-
tal ulcers, a sensitivity analysis was performed stratifying the 
cohort into patients with and without a history of digital ulcers. 
For each patient, the association between UAO and acro- 
osteolysis was also assessed using generalized estimating 
equations to estimate the OR and corresponding 95% CIs for 
the outcome acro- osteolysis. The association between pres-
ence of UAO and history of digital ulcers by patient was also 
assessed; since information on the laterality of digital ulcers 
was not available, the outcome of digital ulcers was evaluated 
by patient instead of by hand. No precalculations of power 
and sample size were performed, considering the exploratory 
nature of the study. All analyses were conducted using SAS 
software, version 9.4, with the threshold of significance set at 
P less than 0.05.

RESULTS

General clinical features. In total, 43 patients with SSc 
(19 diffuse and 24 limited) were enrolled and 17 (39.5%) were 
found to have radiograph evidence of calcinosis in at least 1 hand 
(10 bilateral, 7 unilateral). Patient characteristics are summarized 
in Table 1. Most were female (90.7%) and had limited cutaneous 
SSc (55.8%), with a mean ± SD age at visit of 57.6 ± 11.5 years 
and a mean ± SD disease duration from the first non–Raynaud’s 
phenomenon symptom of 10.5 ± 9.2 years.

Sensitivity, specificity, and feasibility of US- detected 
calcinosis. US findings identified 13 patients (30.2%) with calci-
nosis (9 bilateral, 4 unilateral). Of the 748 zones evaluated, radio-
graphs identified 72 zones (9.6%) with calcinosis while US showed 
76 (10.2%). The sensitivity and specificity for US detection of cal-
cinosis versus radiographs, respectively, was 61% and 95% by 
zone, 78% and 98% by hand, and 76% and 100% by patient. On 
average, the bilateral US calcinosis examination was completed in 
7– 10 minutes.

Associations of US markers of pathologic perfusion 
with calcinosis. UAO was observed in 16 patients (7 unilateral, 
9 bilateral), and in 30% and 28% of left and right hands, respec-
tively. The absence of FPBF in 3rd and/or 4th digits of the hand 

Figure 1. Ultrasound and radiograph findings in systemic sclerosis patients with radiograph findings of calcinosis (A), ultrasound-identified 
calcinosis (arrowheads) in the longitudinal palmar aspect of the 2nd finger (blue indicates flexor tendon) (B); absent and normal finger pulp 
blood flow (C1 and C2, respectively); and ulnar artery occlusion (UAO) and no UAO (D1 and D2, respectively). DIP = distal interphalangeal joint.
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was seen in 24 patients (8 unilateral, 16 bilateral), and in 49% 
and 44% of the left and right hands, respectively. Calcinosis by 
radiograph was detected in 35% and 28% of left and right hands, 
respectively. Similarly, calcinosis by US was detected in 26% of 
both left and right hands (Table 2).

Using generalized estimating equations, there was a strong 
association between UAO and radiograph- identified calcinosis 
(OR 8.08 [95% CI 2.45– 26.60], P < 0.001). Both FPBF (OR 2.66 

[95% CI 0.83– 8.52], P = 0.10) and the composite severity score 
(OR 3.23 [95% CI 0.96– 10.92], P = 0.06) were not significantly 
associated with calcinosis. When stratified by patients without a 
history of digital ulcers, UAO was even more strongly associated 
with radiograph- identified calcinosis (OR 33.00 [95% CI 3.39– 
321.09], P = 0.003). In patients with a history of digital ulcers, the 
association between UAO and calcinosis was attenuated but still 
significant (OR 4.25 [95% CI 1.17– 15.43], P = 0.03) (Table 3).

When analyzing the relationship between UAO and acro- 
osteolysis by patient, there was an increased but nonsignificant 
OR (OR 2.30 [95% CI 0.79– 6.72], P = 0.13). Similar results were 
observed between acro- osteolysis and FPBF (OR 2.29 [95% CI 
0.71– 7.35], P = 0.16) or the composite severity index (OR 1.78 
[95% CI 0.56– 5.71], P = 0.33). In contrast, UAO of either hand 
was strongly associated with digital ulcer history by patient (OR 
6.76 [95% CI 1.48– 38.21], P = 0.01).

DISCUSSION

In this cross- sectional single- center study, we present a novel 
application of US for detecting calcinosis and vascular blood 
flow in SSc. This imaging modality allowed noninvasive detec-
tion and measurement of the extent of calcinosis abnormalities 
among patients, their respective hands, and anatomic zones. To 
our knowledge, this is the first study to report both sensitivity and 
specificity of US- identified calcinosis compared to radiographs 
with this degree of anatomic evaluation. We found a strong asso-
ciation between UAO, a marker of decreased peripheral perfusion, 
and radiograph- identified calcinosis in the same hand, providing 
further support for an association between vascular disease in 
SSc and the pathogenesis of calcinosis.

In our SSc cohort, the prevalence of calcinosis was 39.5% 
on radiographs and 30.2% on US, similar to prior cohorts (11). 
We found US to be highly specific but less sensitive compared 
to radio graphs using all 3 methodologies when compared by 
patient, hand, or anatomic zone. The sensitivities of US- identified 
calcinosis in our study were overall less than those reported by 
Freire et al; however, blinding of the ultrasonographer, length of 
time to complete the study, and other methodologic aspects of 
that initial report are not available for comparison. Our examiner 
was blinded to disease subtype and radiograph results, and 
US vascular measurements were obtained and recorded prior 

Table 1. Patient characteristics (n = 43 patients)*

Characteristic Value
Age, mean ± SD years 57.6 ± 11.5
Female 39 (90.7)
Race/ethnicity

White 25 (58.1)
Asian 7 (16.3)
Hispanic 6 (14.0)
Other 5 (11.6)

Diffuse disease 19 (44.2)
Time from 1st symptom, mean  

± SD years
Raynaud’s phenomenon 11.6 ± 10.0
Non–Raynaud’s phenomenon 10.5 ± 9.2

Modified Rodnan Skin Score, 
median (IQR)

7 (3– 15)

Autoantibodies
Anticentromere 16 (37.2)
Anti– Scl- 70 12 (27.9)
Anti– RNA polymerase III 6 (14.0)
Anti- PM/Scl or anti– U3 RNP 2 (4.7)
Antinuclear antibody 35 (81.4)

Disease features, current or prior
Digital ulcers 20 (46.5)
Gangrene 2 (4.7)
Gastrointestinal involvement 39 (90.7)
Interstitial lung disease 16 (37.2)
Pulmonary hypertension† 8 (18.6)
Arthritis‡ 29 (67.4)
Myositis 17 (39.5)
Scleroderma renal crisis 0
Telangiectasias 28 (65.1)
Nailfold capillary changes 31 (72.1)

Active clinical features
Digital ulcers 6 (14.0)
Digital pits 11 (25.6)

Radiographic features on hand and 
wrist

Calcinosis 17 (39.5)
Acro- osteolysis 13 (30.2)

Current therapy
Calcium channel blocker 23 (53.5)
PDE5 or PDE3 inhibitor 12 (27.9)
SSRI/SNRI 8 (18.6)
ACE inhibitor 3 (7.0)
Endothelin receptor antagonist 1 (2.3)

* Values are the number (%) unless indicated otherwise. ACE = 
angiotensin converting enzyme; anti- PM/Scl = antipolymyositis- 
scleroderma antibody; anti– Scl- 70 = antitopoisomerase antibody; 
anti– U3 RNP = antifibrillarin antibody; IQR = interquartile range;  
PDE = phosphodiesterase; SNRI = selective norepinephrine reuptake 
inhibitor; SSRI = selective serotonin reuptake inhibitor. 
† Diagnosed by right-sided heart catheterization. 
‡ Reported history of joint pain. 

Table 2. US and radiographic features of calcinosis*

Feature
Left hand  
(n = 43)

Right hand  
(n = 43)

UAO 13 (30) 12 (28)
FPBF absent† 21 (49) 19 (44)
Calcinosis by US 11 (26) 11 (26)
Calcinosis by radiograph 15 (35) 12 (28)

* Values are the number (%). FPBF = finger pulp blood flow; UAO = 
ulnar artery occlusion; US = ultrasound. 
† FPBF was absent if one or both measurements per hand were absent. 
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to US calcinosis evaluation for each patient. We also aimed to 
perform the US examination in a feasible timeframe. Based on 
our experience, we suspect that slower scanning times would 
lead to increased sensitivities, which may be more appropriate 
for research purposes. When analyzing US performance versus 
radiographs by anatomic zone, assigning lesions to anatomic 
zones when they bordered or spanned 2 zones may have led to 
disagreements in zone assignment between radiographs and US. 
Additionally, while very small punctate calcinosis lesions are con-
spicuous on radiographs, these fine lesions may be missed on 
dynamic US, reducing sensitivity for detection. False negatives on 
US were equally distributed across anatomic zones. The specifici-
ties of US- identified calcinosis were consistently high across all 
3 methodologies in our cohort.

In consensus with Lescoat et al (7), we found a strong asso-
ciation between US- identified UAO and calcinosis in patients with 
SSc, thereby replicating similar results in an independent SSc 
cohort. Although our OR (8.08 [95% CI 2.45– 26.60], P < 0.001) 
was higher than that reported by Lescoat et al (OR 3.19 [95% CI 
1.14– 8.93], P = 0.025), there was still overlap in the 95% CI, and 
our smaller sample size may have resulted in a wider estimate. 
Since digital ulcers are associated with calcinosis, we performed 
a sensitivity analysis, stratifying by the presence or absence of 
digital ulcers to understand their impact on the relationship 
between US markers of pathologic blood flow and calcinosis. 
In patients without digital ulcers, UAO was even more strongly 
correlated with radiograph- identified calcinosis (OR 33.00 [95% 
CI 3.39– 321.09], P = 0.003), albeit the confidence interval was 
very large. Collectively, these findings provide powerful evidence 
linking vasculopathy to many SSc- related digital manifestations 
and may inform future treatment approaches. The association 
between radiograph- identified calcinosis and FPBF or the com-
posite score was not statistically significant, similar to the findings 
of Lescoat et al. Although this result may be due to underpower-
ing in this study, minute- to- minute variability in FPBF due to ambi-
ent temperature, medication regimen, stress, and other extrinsic 
factors may make FPBF a less accurate measure of peripheral 
perfusion compared to UAO. In addition, FPBF lacks a consensus 
definition and standardization, which is needed for reliable inter-
study comparisons moving forward.

The use of US to detect calcinosis in SSc may have a signif-
icant role in both clinical care and research. Continuing advances 
in US processing algorithms and the recent availability of higher 

frequency US probes affords greater imaging detail and resolu-
tion. US has the potential to objectively characterize and monitor 
calcinosis in SSc and thus become a reliable tool that comple-
ments clinical evaluation and/or radiographs. Although US was 
not as sensitive as conventional radiography in detecting calcino-
sis in patients with SSc, it could play a role in screening for mac-
rovascular complications without the risks of ionizing radiation. 
Additionally, US could potentially be used as a tool to assess for 
calcinosis and UAO during clinic visits, such that referral for sym-
pathectomy and/or calcinosis removal could be decided upon at 
the same visit.

Limitations of our study include the fact that US is highly 
operator- dependent and interuser variability was not studied; this 
was a single- center study with only 1 ultrasonographer; there 
were no follow- up visits to monitor calcinosis over time; practi-
cal scanning times were used for calcinosis detection, and more 
lengthy US examination times were not studied.

Despite these limitations, we have developed a novel method 
for US detection of calcinosis affecting the hands of patients with 
SSc that is feasible, sensitive, and highly specific compared to 
radiographs. This novel US method should certainly undergo 
external validation in future studies, and further work is needed to 
develop a scoring system to monitor the progression, worsening, 
or stability of calcinosis over time. We also found a strong relation-
ship between UAO, a marker of decreased peripheral perfusion, 
and radiograph- identified calcinosis, providing further support for 
an association between vascular disease in SSc and the patho-
genesis of calcinosis.
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Development and Assessment of Novel Lung Ultrasound 
Interpretation Criteria for the Detection of Interstitial Lung 
Disease in Systemic Sclerosis
Robert Fairchild,1 Melody Chung,1  Diana Yang,2 Laurel Sharpless,1 Shufeng Li,1 and Lorinda Chung3

Objective. Interstitial lung disease (ILD) is a frequent complication of systemic sclerosis (SSc), and ILD screening, 
characterization, and monitoring are important for therapeutic decision- making and prognostication. Lung 
ultrasonography (US) is a potential alternative imaging modality for ILD detection. In this study, our objective was to 
develop and test a novel lung US examination technique and interpretation criteria for detecting SSc- ILD.

Methods. Lung US acquisition was performed by collecting short US movies at 14 lung positions. Lung US 
interpretation criteria for SSc- ILD detection focused on visualized pleural changes. To assess the performance of 
our methodology for SSc- ILD detection, we prospectively enrolled SSc patients with high- resolution computed 
tomography (HRCT) imaging within 3 months of lung US. Lung US examinations were scored independently by 2 
blinded readers (1 ultrasonographer and 1 nonultrasonographer). The sensitivity and specificity for SSc- ILD detection 
were assessed, and agreement was measured with Cohen’s kappa statistic.

Results. To test the performance of our lung US acquisition technique and interpretation criteria, 20 SSc patients 
were evaluated by lung US (278 lung zones) and HRCT. HRCT confirmed ILD in 9 patients (45%). Lung US was 
positive for SSc- ILD in 11 patients (55%) with a sensitivity of 100% and specificity of 82% versus HRCT, with perfect 
agreement between the 2 readers (κ = 1). Analysis by individual lung zones found excellent agreement between 
readers, with 93.8% concordance and κ = 0.82.

Conclusion. We developed a novel lung US examination technique and interpretation criteria that are highly 
sensitive and specific for SSc- ILD detection in an SSc cohort, affording perfect agreement between ultrasonographer 
and nonultrasonographer readers.

INTRODUCTION

Interstitial lung disease (ILD) is a frequent complication 
in systemic sclerosis (SSc), with up to 80% of patients show-
ing lung fibrosis, and 25– 30% having progressive ILD (1). ILD is 
now the leading cause of death in SSc, and early detection and 
therapeutic intervention improve outcomes (2,3). High- resolution 
computed tomography (HRCT) of the chest is currently the gold 
standard for SSc- ILD diagnosis. SSc- ILD presents as nonspecific 
interstitial pneumonia, and less commonly, usual interstitial pneu-
monia patterns of disease, typified by HRCT findings of bibasilar 

ground glass opacities, traction bronchiectasis, reticulation, and 
fibrosis (4).

HRCT is often sought as an initial screen for ILD in new SSc 
diagnoses, when patients have suggestive clinical signs or symp-
toms or abnormalities on chest radiograph and/or pulmonary 
function tests, and to monitor disease progression over time (5). 
For this purpose, patients with SSc may be exposed to multiple 
HRCT scans during their lifetime, resulting in significant cumulative 
radiation, cost, and time- to- imaging delays in diagnosis. Addition-
ally, SSc patients with early or mild ILD may be overlooked for 
screening HRCT due to normal functional studies or subclinical 
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disease, missing an opportunity for early intervention. Lung ultra-
sonography (US) is a potential alternative imaging modality for 
screening and diagnosis of SSc- ILD (6). Although lung aeration 
prevents sonographic evaluation of the lung parenchyma, the 
peripheral and basilar lung features of SSc- associated nonspe-
cific interstitial pneumonia and usual interstitial pneumonia result 
in characteristic pleural and subpleural sonographic findings (6,7). 
Currently, ultrasonographic findings of pleural irregularity, pleural 
line thickening, and the presence of B- line artifacts are known 
to be associated with the presence of underlying ILD, with high 
diagnostic accuracy compared to HRCT (7– 11). Although this 
technique shows great promise in SSc- ILD, it lacks a well- defined 
acquisition technique and ultrasound interpretation criteria. In this 
study, we developed novel lung US interpretation criteria and an 
acquisition technique and assessed its performance on an SSc 
cohort.

MATERIALS AND METHODS

Lung US examination technique. We performed a com-
plete lung US examination by evaluating 14 lung positions as 
previously described by Gutierrez et al, with the patient supine 
for anterior lung positions and sitting up with their back to the 
examiner for posterior lung positions (10). The probe was oriented 
in a sagittal or pseudosagittal orientation (spanning adjacent ribs) 
rather than transverse to afford better tracking of the pleural sur-
face. Lung US examinations were performed on a GE Logiq E, 
using a medium frequency linear probe with typical B- mode set-
tings used in rheumatologic musculoskeletal ultrasonography. The 
US frequency was typically 12 MHz but was adjusted downward if 
needed for increased signal penetration, required in larger patients 

or lung positions with increased pleural depth. We collected 
4- second movies at each of the 14 lung positions during normal 
respiration. For posterior paravertebral and subscapular views, 
the 8th intercostal space was used as a rough guide for probe 
positioning; however, superior to inferior adjustments were made 
to visualize the most inferior portion of the lung pleura, which var-
ied from patient to patient.

Lung US interpretation criteria. Our goal in developing 
lung US interpretation criteria was to outline a simple set of cri-
teria to combine with our lung US examination technique to detect 
SSc- ILD with high sensitivity, specificity, and interreader reliabil-
ity. Lung US B- lines, which are ring- down artifacts that originate 
at the pleural line and extend to the bottom of the screen (12), 
can be difficult to quantify and are nonspecific, and their pres-
ence depends on several factors, including frequency, machine 
settings, and technique (8,13,14). Lung US findings of pleural 
thickening and granularity, and defects in the pleural surface (pleu-
ral irregularity), are easy to visualize, reproducible, and strongly 
associated with the presence of underlying ILD (9,13) (Figure 1). 
Our clinical experience with lung US in SSc- ILD reflected the limi-
tations of B- lines and the benefits of assessing US features at the 
pleural surface. Based on these considerations, we developed a 
set of interpretation criteria focused on pleural irregularity, thicken-
ing, and granularity (Table 1).

Preliminary lung US interpretation criteria valida-
tion. This study was approved by Stanford University’s Institu-
tional Review Board, and informed consent was obtained from all 
patients. We performed a prospective study enrolling adult SSc 
patients meeting the 2013 American College of Rheumatology/
European Alliance of Associations for Rheumatology classification 
criteria (15) seen at Stanford University outpatient rheumatology 
clinics from February to December of 2018, with a planned or prior 
HRCT of the chest for any indication within 3 months of recruit-
ment. Our institutional practice is to obtain chest HRCT for all new 
SSc diagnoses to screen for ILD if there are no contraindications. 
The presence of ILD on HRCT was confirmed by a radiologist and 
pulmonologist for all positive studies. The same experienced ultra-
sonographer (RF) with 4 years of lung US experience performed 
all lung US evaluations and was blinded to SSc subtype, prior 

SIGNIFICANCE & INNOVATIONS
• This study outlines a novel lung ultrasound tech-

nique and interpretation criteria for systemic 
sclerosis– associated interstitial lung disease.

• In a systemic sclerosis cohort, our lung ultrasound 
technique and interpretation criteria showed high 
sensitivity and specificity for interstitial lung disease, 
with perfect agreement between blinded readers.

Figure 1. Interstitial lung disease findings on lung ultrasound. A, normal pleural surface (arrows) with surrounding ribs; B, granular pleural 
surface in interstitial lung disease (ILD); C, pleural discontinuities and cavitations in ILD (arrows).
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HRCT findings, and the presence or absence of ILD diagnosis. 
The 4- second clips from each of the 14 lung positions from each 
patient were compiled into a single movie for reader evaluation. 
Subsequently, 2 blinded readers (ultrasonographer RF and nonul-
trasonographer DY) independently evaluated each of the 20 lung 
examinations for the presence or absence of ILD. Prior to reading 
the lung US examinations, the nonultrasonographer underwent a 
15- minute instructional session on the interpretation criteria using 
representative lung US images of patients external to the assess-
ment cohort.

Statistical analysis. The sensitivity and specificity for SSc- 
ILD detection on lung US was assessed for each reader using 
chest HRCT as the gold standard. Agreement between readers 
was assessed with percent concordance and Cohen’s kappa 
statistic.

RESULTS

General clinical features. Twenty SSc patients (9 diffuse, 
11 limited cutaneous disease) were enrolled. Three SSc patients 
were new to our rheumatology clinic and received new diagnoses 
of SSc around the time of enrollment. The indications for chest 

HRCT were ILD screening in newly diagnosed SSc (n = 3), clinical 
symptoms/suspicion (n = 11), worsening pulmonary function tests 
(n = 1), follow- up on known ILD (n = 4), and pulmonary nodule sur-
veillance (n = 1). No patients in this cohort previously underwent 
lung transplantation.

A total of 278 of 280 possible lung zones were evaluated by 
lung US, with 2 anterior lung windows not assessed due to breast 
implants in 1 patient and an enlarged cardiac footprint in the sec-
ond. ILD on HRCT was observed in 9 SSc patients (45%, 8 non-
specific interstitial pneumonia, 1 usual interstitial pneumonia). Of 
these patients, the median time since ILD diagnosis was 1.0 years 
(interquartile range 0– 2.5 years); 4 of these patients were newly 
diagnosed with ILD at the time of reference HRCT. Of patients 
with ILD, pulmonary function tests showed a mean forced vital 
capacity (FVC% predicted) of 59.1 ± 29.1 and diffusion capac-
ity for carbon monoxide (DLCO% predicted) of 75.6 ± 23.4. SSc 
patients without ILD showed an FVC% predicted of 96.5 ± 16.4 
and DLCO% predicted of 80.8 ± 5.6. Additional patient charac-
teristics are highlighted in Supplementary Table 1, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24338/ abstract. All lung US examinations 
were well tolerated by all participants and completed in under 
15 minutes.

Sensitivity and specificity of US- detected ILD. Both 
readers independently read the 20 lung examinations identically, 
finding 11 (55%) positive and 9 (45%) negative for SSc- ILD, with 
a sensitivity and specificity for ILD detection compared to HRCT 
of 100% and 82%, respectively, with perfect agreement between 
readers (κ = 1.00) (Table 2). When comparing reader evaluations of 
the 278 individual lung zones, 93.8% concordance was observed, 
with near perfect agreement (κ = 0.82) (Table 2). Both lung US 
readers identified the same 2 false positives on lung US. In the first 
case, HRCT was indicated for dyspnea and revealed consolidative 
nodular opacities in a patient with suspected pulmonary infection. 
In the second, HRCT was indicated to screen for ILD in a patient 
with newly diagnosed SSc, and showed bibasilar atelectasis 

Table 2. Detection of SSc- ILD via lung US versus HRCT using lung US interpretation criteria (n = 20 
patients, 9 [45%] positive for SSc-ILD by HRCT)*

Criteria
Reader 1  

(ultrasonographer)
Reader 2  

(nonultrasonographer)
Lung US- ILD detection per patient†

Read as positive 11 (55) 11 (55)
Read as negative 9 (45) 9 (45)
Sensitivity vs. HRCT, % 100 100
Specificity vs. HRCT, % 82 82

Lung US– ILD detection per lung zones‡
Read as positive 64 (23) 59 (21)
Read as negative 214 (77) 219 (79)

* Values are the number (%) unless indicated otherwise. LUS evaluation included 278 total lung zones. 
HRCT = high- resolution computed tomography; ILD = interstitial lung disease; SSc- ILD = systemic 
sclerosis– associated ILD; US = ultrasound. 
† κ = 1.00. 
‡ κ = 0.82, concordance 93.8%. 

Table 1. Lung US interpretation criteria for SSc- ILD*
1. Lesions must be characterized by either:

A. Discontinuities or cavitations in the linear pleural surface 
(hypoechoic centers and hyperechoic rims)

B. A hyperechoic, granular appearance
2. Lesions must demonstrate all 3 of the following conditions:

A. Identified as ≥1 distinct lesions >2 mm in width or as confluent 
lesions involving the entire pleural surface

B. Demonstrate pseudothickening: any degree of increased 
hyperechoic transmission deep to lesions compared to normal 
pleura

C. Track and persist with lung movement
* Lung zones are considered positive if both criteria 1 and 2 are 
met. One or more positive lung zones indicate a positive screen 
for interstitial lung disease. SSc- ILD = systemic sclerosis– associated 
interstitial lung disease; US = ultrasound. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24338/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24338/abstract
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and possible scarring at the lung bases, but no evidence of ILD. 
Selecting milder disease from our cohort, HRCT showed a com-
bination of fine reticulations and mild ground glass opacities in 
3 patients (study HRCT to lung US time of 5, 20, and 28 days), 
and mild ground glass opacities alone in 1 patient (lung US per-
formed the same day as study HRCT); all 4 of these patients were 
positive by our lung US interpretation criteria. Individual patient 
ILD characteristics, imaging timing, and imaging findings are  
highlight ed in Supplementary Table 2, available on the Arthritis  
Care & Research website at http://onlin elibr ary.wiley.com/doi/10. 
1002/ acr.24338/ abstract.

DISCUSSION

We developed a novel set of lung US interpretation criteria 
and a lung US technique for the detection of SSc- ILD and per-
formed a preliminary prospective validation in an SSc cohort 
showing 100% sensitivity, high specificity, and perfect agreement 
between 2 readers. To our knowledge, this is the first set of read-
ing criteria developed for lung US detection of ILD. We believe this 
technique and reading criteria have the potential to replace HRCT 
as the initial screen for ILD in newly diagnosed SSc patients or to 
screen for ILD in prevalent SSc cases when suggestive signs or 
symptoms arise.

In the course of developing the lung US technique high-
lighted here, we noted a multiplicity of lung US procedures 
reported in the literature. These technical descriptions often lack 
enough granularity and specificity to be reproduced by muscu-
loskeletal ultrasonographers without specific training in lung US. 
Our goal was to provide a clear and concise lung US technique 
that could easily be performed with minimal training. We made 
several simple modifications to previously reported lung US tech-
niques that improved pleural and subpleural interrogation. Most 
prior studies have performed lung US with the probe oriented in 
a transverse orientation with lung movement that is orthogonal to 
the long axis of the probe for most lung positions (9– 11,13). This 
orientation and relative lung movement hampers visual tracking 
of pleural or subpleural lesions and is analogous to fixing one’s 
eyes on a point of a page of text and moving a page upwards 
rather than from side to side; only the latter method affords the 
reader context. The prior preference for this orientation likely 
stemmed from the increased viewable lung surface afforded 
when the probe is oriented parallel to the ribs. Additionally, less 
specific artifactual B- lines, heavily investigated in early lung US 
work on ILD, do not require spatial resolution or pleural surface 
tracking for evaluation. We found that by spanning the ribs in a 
sagittal or pseudosagittal orientation, sufficient pleural surface 
evaluation at each lung position is maintained, while gaining the 
ability to track pleural lesions over time, leading to greater spec-
ificity for lesions reflective of ILD versus lung US artifacts. As an 
extension of this concept, still images are insufficient for lung 
surface evaluation, and we chose 4- second lung US movie clips 

at each of the lung positions to view movement of the lung sur-
face through a portion of the respiratory cycle.

The lung US interpretation criteria presented in this work 
center on abnormalities observed at the pleural surface, including 
a combination of discontinuities, cavitations, and/or granularity. In 
addition, these features must persist and track with lung motion, 
reducing false-positive readings due to noise and artifacts that 
can occasionally be observed in patients without ILD. To reduce 
false-positives that can occur from occasional pleural irregularity 
encountered in normal lungs, some degree of pleural thickening 
compared to normal is also required for a positive study. Our cri-
teria were sufficient to discriminate SSc- ILD without requiring a 
pleural thickness cutoff, which may vary depending on machine, 
and machine settings and would add an additional level of com-
plexity to lung US reading. Importantly, our lung US interpreta-
tion criteria demonstrated sensitivity even in patients with mild 
ILD on HRCT scan (see Supplementary Table 2, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24338/ abstract).

Most early studies in lung US for ILD focused primarily on 
B- line quantification to detect underlying ILD. We found artifac-
tually based B- lines difficult to quantify, variably present, and 
potentially less specific for ILD, in line with several prior publica-
tions (7,8,13,14). The momentum behind B- lines in early lung US 
ILD work was likely due to less advanced US machines used at 
the time of these investigations. These earlier US machines have 
less sophisticated processing algorithms, lower frequency probes 
(often 5 MHz or less), and poorer resolution of the pleural surface 
overall. Modern US equipment used by the typical rheumatology 
practitioner is capable of easily visualizing the pleural surface due 
to improved processing algorithms and higher frequency probes 
that improve resolution and reduce noise. These US advance-
ments also have the effect of reducing or eliminating artifactual 
B- lines in certain cases. Indeed, B- lines can be made more con-
spicuous by turning off advanced processing settings, such as 
compound imaging (16). Additionally, there is significant machine- 
to- machine variability in B- line detection, and adjustments to the 
number and location of focal zones, time gain compensation, and 
the dynamic range are all known to affect B- lines (13,16). Given 
the current advancements in US machines and variability in B- line 
visualization, we chose to avoid including B- lines in our criteria.

Our overarching goal in this work was to develop a simple 
lung US technique and interpretation criteria for SSc- ILD detec-
tion for research and clinical practice. To highlight the simplic-
ity of our lung US interpretation criteria, we included a second 
blinded reader with no prior US experience. The perfect agree-
ment between readers in this study highlights the simplicity and 
effectiveness of our criteria. The interpretation criteria require only 
1 of the 14 lung positions to be positive for an overall positive lung 
US study, giving preference to sensitivity rather than specificity, as 
needed in an effective screening tool. When evaluated by each 
lung zone, disagreements between readers were always in the 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24338/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24338/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24338/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24338/abstract
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setting of multiple positive lung zones, never resulting in disagree-
ment in the overall study interpretation. The 2 false-positive results 
in this study were encountered in patients with comorbid lung 
infection, atelectasis and lung scarring on HRCT. These findings 
suggest that lung US may not be the ideal screening modality for 
ILD in patients with known non- ILD comorbid lung disease in SSc.

There are several limitations in this study. The technique and 
criteria outlined here were empirically derived from experience and 
literature review and were not the result of a consensus study or 
regression analysis. However, in a review of associated HRCT 
imaging and the lung US- ILD literature, these criteria have both 
face and construct validity and were simple and effective enough 
for SSc- ILD discrimination even by a nonultrasonographer. The 
inclusion of HRCT within 3 months of lung US could allow for 
changes in lung disease between studies. Upon review of each 
enrollee (see Supplementary Table 2, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24338/ abstract), lung US was performed in <30 days from 
HRCT in all but 1 of the HRCT- positive patients who had fibrotic 
nonspecific interstitial pneumonia. Of the HRCT- negative patients, 
2 had lung US within 5 days, 7 had follow- up HRCT after the 
study, which remained negative, 1 had no follow- up HRCT but 
normal follow- up pulmonary function tests and was asymptom-
atic, and 1 patient developed new mild nonspecific interstitial 
pneumonia on HRCT 1.5 years later.

Overall, these details suggest that lung US findings are reflec-
tive of HRCT findings within this study. We did not assess the abil-
ity of lung US to differentiate the underlying pattern of ILD, and our 
study was not designed to specifically evaluate the performance of 
this tool to screen for ILD in the setting of comorbid lung disease. 
Additional limitations include being a single- center study using a 
single lung US proceduralist, lack of evaluation in other connective 
tissue diseases, a relatively small validation cohort, and a possible 
selection bias stemming from the inclusion of patients undergoing 
HRCT in the course of their clinical care.

In conclusion, we present a novel lung US technique and 
interpretation criteria for SSc- ILD detection, affording perfect 
agreement between ultrasonographer and nonultrasonographer 
readers in an SSc cohort. Further validation in a larger SSc cohort 
and in other connective tissue diseases associated with ILD 
including polymyositis and dermatomyositis is ongoing.
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Factors Associated With Functional Decline in Hand and 
Hip/Knee Osteoarthritis After One Year: Data From a 
Population- Based Study
Paola Siviero,1  Federica Limongi,1 Antonella Gesmundo,2 Sabina Zambon,3 Cyrus Cooper,4  
Elaine M. Dennison,4 Mark H. Edwards,5 Suzan van der Pas,6 Erik J. Timmermans,6 Natasja M. van Schoor,6 
Laura A. Schaap,7 Dhayana Dallmeier,8 Michael D. Denkinger,8 Richard Peter,8 Maria Victoria Castell,9 
Ángel Otero,9 Nancy L. Pedersen,10 Dorly J. H. Deeg,6 and Stefania Maggi,1 for the European Project on 
Osteoarthritis Research Group

Objective. To investigate factors that together with hand or hip/knee osteoarthritis (OA) could contribute to 
functional decline over a year’s time in elderly individuals.

Methods. The data of 1,886 individuals between ages 65 and 85 years in a prospective, observational population- 
based study with 12– 18 months of follow- up in the context of the European Project on Osteoarthritis were analyzed. 
The outcome measures were self- reported hand and hip/knee functional decline, evaluated using a minimum clinically 
important difference of 4 on the Australian/Canadian Hand OA Index and of 2 on the Western Ontario and McMaster 
Universities Osteoarthritis Index hip/knee physical function subscales, both normalized to 0– 100. Using regression 
models adjusted for sex, age, country, and education level, the baseline factors considered were clinical hand or hip/
knee OA, pain, analgesic/antiinflammatory medications, comorbidities, social isolation, income, walking time, grip 
strength, physical activity time, and medical/social care.

Results. After a year, 453 participants were identified as having worse hand functionality and 1,389 as not worse. 
Hand OA, anxiety, walking time, and grip strength were risk factors for hand functional decline; pain was a confounder 
of the effect of hand OA.

Analgesic/antiinflammatory medications mediated the combined effect of hip/knee OA plus pain on functional 
decline in the 554 individuals classified as having worse hip/knee functionality and the 1,291 persons who were not 
worse. Peripheral artery disease, obesity, and cognitive impairment were other baseline risk factors.

Conclusion. Study findings showed that together with emotional status and chronic physical and cognitive 
conditions, OA affects hand and hip/knee functional decline.

INTRODUCTION

Functional limitation and pain, which tend to worsen over 
time, are 2 important symptoms of hand, hip, and knee osteo-
arthritis (OA). There is, nevertheless, a paucity of information 
concerning the longitudinal relationship between these factors in 

patients with hand, hip/knee OA (1), and only a few studies have 
investigated the risk factors for decline (2– 4).

As far as the hand is concerned, functional limitation and 
pain are markedly associated with impairment in activities of daily 
living, and therefore with worse quality of life (5– 9). Risk factors 
associated with hand OA include older age, female sex, and 

The views expressed are those of the authors and not necessarily those 
of the NHS, the NIHR or of the Department of Health.

Supported by a noncommercial private funder. The Indicators for 
Monitoring COPD and Asthma– Activity and Function in the Elderly in the 
Ulm study was supported by the European Union (grant 2005121) and the 
Ministry of Science, Baden- Württemberg. The Italian cohort study is part of 
a wider National Research Council Project on Aging. The Longitudinal Aging 
Study Amsterdam is supported by The Netherlands Ministry of Health, 
Welfare, and Sports, Directorate of Long- Term Care. The Peñagrande study 
was supported by the National Fund for Health Research of Spain (grants FIS 
PI 05/1898, FIS RETICEF RD06/0013/1013, and FIS PS09/02143). The Swedish 

Twin Registry was funded by the Swedish Ministry of Higher Education. The 
Hertfordshire Cohort Study was funded by the Medical Research Council of 
Great Britain, Arthritis Research UK, the British Heart Foundation, and the 
International Osteoporosis Foundation. Dr. Cooper’s work was supported 
by the National Institute for Health Research Oxford Biomedical Research 
Centre.

1Paola Siviero, MSc, Federica Limongi, PhD, Stefania Maggi, MD: National 
Research Council, Padua, Italy; 2Antonella Gesmundo, MD: University of 
Padua, Padua, and Ospedale Riabilitativo di Alta Specializzazione, Motta di 
Livenza, Treviso, Italy; 3Sabina Zambon, MD: University of Padua, Padua, Italy; 
4Cyrus Cooper, DM, Elaine M. Dennison, PhD: University of Southampton 

mailto:
https://orcid.org/0000-0001-6567-5808
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24404&domain=pdf&date_stamp=2021-07-27


SIVIERO ET AL1344       |

genetics; other possible risk factors are obesity, some specific 
occupations and sport activities, and ethnicity (10). A previous 
study reported that hand OA is associated with both self- reported 
and performance- based physical function impairment; the associ-
ation was found to be partially mediated (reduced) by pain. Other 
risk factors such as depression and osteoporosis have been 
associated with hand OA (11).

Dekker et al identified a variety of variables (physical mani-
festations linked to OA [pain, stiffness, reduced muscle strength, 
knee joint laxity, proprioceptive inaccuracy, poor standing balance, 
and impaired joint motion range], cognitive and visual impairment, 
comorbidity and overweight, psychological and social factors 
[anxiety, depression, fatigue, poor self- efficacy, and social sup-
port], health behaviors, and sociodemographic factors [being 
older or female, ethnicity, lower social class, and being retired]) 
that are risk factors for functional decline in hip or knee OA (12). 
A longitudinal study with a 5- year follow- up conducted on older 
patients with hip/knee OA reported that more avoidance of physi-
cal activity, greater pain, multiple comorbidities, longer duration of 
complaints, lower knee extension, and reduced muscle strength 
were all predictors of functional decline over time (13).

Since knowing the risk factors for functional decline could 
contribute to the efforts to design and implement appropriate 
rehabilitation and life style interventions to reduce their risk, the 
current study set out to identify the baseline risk factors that, 
together with clinical hand OA or hip/knee OA, are associated with 
functional decline in elderly persons over a 12– 18- month period.

SUBJECTS AND METHODS

Study design and participants. The data for our analysis 
were those collected by the European Project on Osteoarthritis 
(EPOSA), a population- based study involving cohorts of adults 
between the ages of 65 and 85 years residing in Germany, Italy, 

The Netherlands, Spain, Sweden, and the UK. Further details 
regarding the EPOSA study are described elsewhere (14). All the 
participants gave written informed consent, and the study design 
and protocol were granted approval by the appropriate local 
 ethics committees.

Between November 2010 and November 2011, 2,942 par-
ticipants underwent a baseline evaluation; 12– 18 months later, 
2,455 (83%) were available for a follow- up assessment.

As the data regarding the Australian/Canadian Hand OA 
Index (AUSCAN) and Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) physical function scores of 
the German cohort (n = 336, 14% of 2,455) were incomplete, 
they were not considered in our analysis. The data of 1,886 par-
ticipants (89% of 2,119), i.e., those with complete baseline and 
 follow- up records, were analyzed.

Measures. The study’s primary outcome measures were 
self- reported functional hand and hip/knee decline, as mea-
sured respectively by the AUSCAN (15) and the WOMAC (16,17) 
at baseline and 12– 18 months later. The AUSCAN is made up 
of 3 subscales (9 items for physical function, 5 items for pain, 
and 1 item for stiffness); the WOMAC is also composed of 3 sub-
scales measuring physical function (17 items), pain (5 items), and 
stiffness (2 items) in each joint. The items were rated on a 5- point 
Likert scale ranging from none to extreme (0 = none, 1 = mild, 
2 = moderate, 3 = severe, and 4 = extreme). The normalized total 
scores of each scale ranged from 0 to 100, with higher scores 
indicating worse health status. The decline in the AUSCAN hand 
and the WOMAC hip/knee physical function scores registered 
12– 18 months after baseline were assessed using a previously 
established minimum clinically important difference (MCID) cutoff 
value (18). The cutoffs used were derived from the application of 
anchor-  and distribution- based approaches converging to identify 
4 points as the MCID for the decline in the AUSCAN hand physical 
function and 2 points as the MCID for the decline in the WOMAC 
hip/knee physical function (18). Using these cutoffs, the partici-
pants were classified as having worse or not worse functionality 
with respect to their baseline evaluation.

Clinical OA was diagnosed in accordance with the clinical 
classification criteria developed by the American College of Rheu-
matology (19– 22) and the recommendations of the European Alli-
ance of Associations for Rheumatology (23). The clinical diagnosis 
of hand and hip/knee OA was based on the medical history and 
physical examination at baseline.

SIGNIFICANCE & INNOVATIONS
• Longitudinal findings confirmed some evidence of

previous cross- sectional analyses on the same co-
hort of older European community dwellers.

• Together with emotional status and chronic phys-
ical and cognitive conditions, osteoarthritis affects
hand and hip/knee functional decline.
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Clinical hand OA was diagnosed (15) in the presence of hand 
pain ≥3 and stiffness ≥1, as measured by specific AUSCAN sub-
scales, and at least 2 of the following: hard tissue enlargement of 
2 or more joints, hard tissue enlargement of 2 or more distal inter-
phalangeal joints, or deformity of at least 1 hand joint. Swelling of 
the metacarpophalangeal joints was assessed only in the English 
and German participants.

Clinical hip/knee OA was diagnosed in the presence of OA 
in at least 1 or both joints together with the following: in the case 
of the hip, hip pain (16,17), as defined by the WOMAC (the cut-
off score was ≥3), and both of the following: pain on at least 1 
side associated with restricted hip internal rotation at the physical 
examination, and morning stiffness lasting <60 minutes, evalu-
ated using the stiffness section of the WOMAC (a score from mild 
to extreme). In the case of the knee, pain in the knee (16) as 
defined by the WOMAC (the cutoff score was ≥3) and at least 2 
of the following: morning stiffness, as evaluated by the stiffness 
section of the WOMAC (a score from mild to extreme); crepitus 
on active motion on at least 1 side; bone tenderness on at least 
1 side; bone enlargement on at least 1 side; and no palpable 
warmth of synovium in either knee.

The baseline factors included the participants’ demographic 
features, i.e., age, sex, country, and education level (an elemen-
tary school education only versus higher levels of education), 
social isolation, income, walking time, grip strength, physical 
activity time, medical and social care, the medications the patient 
was taking, comorbidity data, and the AUSCAN and WOMAC 
pain scores. Possible responses to a monthly income capable 
of making ends meet were: only with great difficulty, with some 
difficulty, fairly easily, and easily. Social isolation was assessed 
using the Lubben’s Social Network Scale (LSNS- 6) (24) and the 
Maastricht Social Participation Profile (25), and was defined as 
an LSNS- 6 score <12 (24) or as less than or equal to the median 
values of the 5 scores of which the scale is composed (24,26). 
Walking time was based on a timed 3- meter walk test and clas-
sified according to country- specific quartiles. Grip strength was 
defined as the maximum value of the mean of 2 right-  and left- 
hand measurements carried out by a dynamometer (27). Phys-
ical activity was measured using the Longitudinal Aging Study 
Amsterdam Physical Activity Questionnaire (28), which assesses 
the frequency and duration of activities such as walking, cycling, 
gardening, household work (light and heavy), and participation in 
sports over the past 2 weeks. The total time dedicated to physical 
activity was calculated in minutes/day. Medical/social care was 
defined as health care services utilization (hospitalization, primary 
care use, specialist services use) and home care services (formal 
and informal). Medical/social care was dichotomized as yes or no 
responses.

The medications used over the preceding 2 weeks (dichot-
omized as yes or no responses) referred to analgesic and/or 
antiinflammatory drugs. Comorbidity referred to the presence 
versus the absence of common pathologic conditions such as 

obesity, which was defined as a body mass index ≥30 kg/m2 (29). 
A score of ≤23 on the Mini- Mental State Examination defined 
cognitive impairment (30). A score of ≥8 on the anxiety subscale 
and a score of ≥8 on the depression subscale of the Hospital 
Anxiety Depression Scale defined those conditions (31). Chronic 
conditions such as chronic nonspecific respiratory disorders (i.e., 
asthma, chronic bronchitis, or pulmonary emphysema, etc.), car-
diovascular diseases (i.e., cardiac valve disease, coronary heart 
diseases, arrhythmia, pacemaker, cardiac arrest, etc.), peripheral 
artery disease, diabetes mellitus, ictus, cancer, and osteoporosis 
lasting at least 3 months or which caused the individual to seek a 
physician’s attention were registered. All of these conditions were 
self- reported.

Statistical analysis. The baseline factors, classified con-
sidering the MCID score, were analyzed using a set of design 
weights calculated for sex and 5- year age category using the 
2010 European Standard Population as its reference (14). 
The continuous variables (age, AUSCAN and WOMAC pain 
scores, grip strength, physical activity), which were expressed  
as mean ± SD, medians, and interquartile ranges (IQRs), were  
compared using Wilcoxon’s rank sum test. The categorical var-
iables (the change in physical function, clinical OA of the hand, 
clinical OA of the hip/knee, sex, country, education level, social 
isolation, income, walking time, medical/social care, medications 
used, and comorbidities) were expressed using percentages and 
were compared using the chi- square test.

Regression models were developed to assess the baseline 
factors that together with clinical hand OA or with clinical hip/
knee OA determined a clinically significant functional decline over 
a 1- year period. The models were adjusted for demographic fac-
tors (sex, age, country, education level) following a hierarchical 
approach to assess the effects of confounding or mediating var-
iables, in particular, of the AUSCAN or WOMAC pain scores, the 
analgesic/antiinflammatory medications, and the comorbidities. 
The collinearity of these variables was examined. The linearity in the 
logit model for continuous variables such as age and the AUSCAN 
and the WOMAC pain scores was also checked, and the trans-
formations to achieve linearity were applied whenever necessary.

All the interactions among the variables were explored. An 
SAS macro based on the counterfactual framework was used (32) 
to test the effect of mediation and to obtain estimates and confi-
dence intervals (CIs) for the direct (through mechanisms exclud-
ing the mediator) and indirect (through the mediator mechanism) 
effects of hand or hip/knee clinical OA decline.

A modified Poisson approach was used to estimate the rela-
tive risk (RR) and CIs by using robust error variances instead of a 
logistic regression with odds ratio that could overestimate the RRs 
(33), particularly in those cases in which the 2 binary outcomes of 
interest were common (34). Two- sided P values less than 0.05 
were considered statistically significant. All the analyses were per-
formed using SAS software, version 9.4.
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RESULTS

Hand physical function decline. Of the 1,886 partici-
pants whose baseline and end- of- study records were complete, 
1,842 had complete AUSCAN measurement records. Of these, 
an MCID score of – 2 identified (using a similar methodology as 
described in Siviero et al [18]) 432 (23.5%) with clinically significant 

hand physical function improvement, while an MCID score of 4 
identified 453 (24.6%) with clinically significant hand physical func-
tion decline 12– 18 months after baseline, who were classified as 
the worse category. The worse category participants tended to be 
older and female, to walk slower and with a poorer grip strength, to 
dedicate more time to physical activity, to require more medical and 
social care, to take more analgesic/antiinflammatory medications, 

Table 1. Weighted baseline factors for MCID classifications of hand AUSCAN physical function score 12– 18 months after baseline*

Baseline factor
Total 

(n = 1,842)
Worse 

(n = 453)
Not worse 
(n = 1,389) P

Female 52.0 69.3 46.3 <0.001†
Age, mean ± SD years 73.7 ± 5.0 74.4 ± 5.0 73.5 ± 4.9 0.001†
Age, median (IQR) years 73 (70, 77) 74 (70, 78) 73 (70, 77) – 
Country

Italy 17.2 20.7 16.0 0.17
The Netherlands 22.2 22.4 22.2 – 
Spain 21.1 19.8 21.6 – 
Sweden 23.3 23.1 23.4 – 
UK 16.1 14.0 16.8 – 

Up to elementary education 40.5 42.6 39.8 0.29
Social isolation 20.3 20.7 20.2 0.83
Income capable of making ends meet

Easily 31.7 29.8 32.3 0.71
Fairly easily 49.9 51.1 49.5 – 
With some difficulty 15.4 16.4 15.0 – 
With great difficulty 3.1 2.7 3.2 – 

Walking time‡
≤Quartile 1 28.6 21.7 30.9 <0.001†
Quartile 1 to quartile 2 26.5 21.3 28.2 – 
Quartile 2 to quartile 3 22.7 25.9 21.6 – 
>Quartile 3 22.3 31.1 19.3 – 

Grip strength, mean ± SD kg§ 27.7 ± 10.0 24.0 ± 7.9 29.0 ± 10.4 <0.001†
Grip strength, median (IQR) kg§ 26.0 (20.0, 34.5) 23 (19, 28) 27.5 (21, 37) – 
Physical activity, mean ± SD  

minutes/day¶
197.3 ± 132.2 209.4 ± 137.7 193.3 ± 130.1 0.03†

Physical activity, median (IQR) 
minutes/day¶

172.9 (107.1, 252.9) 180.4 (115.7, 267.1) 167.9 (105.0, 248.6) – 

Medical/social care 79.2 83.4 77.8 0.01†
Obesity 25.3 25.7 25.2 0.85
Cognitive impairment 7.0 8.6 6.5 0.13
Anxiety 18.6 24.9 16.6 <0.001†
Depression 10.2 13.8 9.0 0.004†
Chronic lung disease 12.5 12.7 12.4 0.88
Cardiovascular disease 24.4 25.9 23.9 0.39
Peripheral arterial disease 9.8 11.7 9.1 0.12
Diabetes mellitus 11.6 9.2 12.4 0.07
Stroke 4.9 6.3 4.4 0.10
Cancer 13.4 14.3 13.1 0.54
Osteoporosis 16.2 19.7 15.0 0.02†
Analgesic/antiinflammatory medication 25.7 30.3 24.1 0.01†
Clinical hand osteoarthritis 16.7 23.3 14.6 <0.001†
AUSCAN pain subscale score,  

mean ± SD#
7.6 ± 15.2 10.0 ± 16.6 6.8 ± 14.7 <0.001†

AUSCAN pain subscale score, 
median (IQR)#

0 (0, 5) 0 (0, 15) 0 (0, 5) – 

* Values are the percentage of participants unless indicated otherwise. All of the data except for the numbers of participants, age, and sex are 
weighted. AUSCAN = Australian Canadian Osteoarthritis Hand Index; IQR = interquartile range; MCID = minimum clinically important difference. 
† Statistically significant. 
‡ By country quartiles, class ≤quartile1 indicates best performance, class >quartile 3 indicates worst performance. 
§ Lower values indicate worse performance. 
¶ Measured with the Longitudinal Aging Study Amsterdam Physical Activity Questionnaire. 
# AUSCAN pain scores for the hand range from 0 to 100, with 0 indicating no pain. 
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and to have more baseline physical function impairment, a higher 
prevalence of anxiety, depression, osteoporosis, clinical hand OA, 
and a higher baseline AUSCAN pain score with respect to those 
belonging to the group without deteriorating function (who were 
classified as not worse, n = 1,389) (Table 1, weighted data).

The change with respect to the baseline AUSCAN physical 
function score was significantly different and in opposite directions 
in the 2 groups: for the worsening (mean ± SD 14.1 ± 10.1, median 
11 [IQR 6, 18]) and nonworsening (mean ± SD – 3.3 ± 7.9, median 
0 [IQR – 3, 0]) (see Supplementary Table 1, available on the Arthri-
tis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24404/ abstract, for weighted data).

Using multivariable regression models (Table 2) adjusted for 
sex, age, country, and education level, we analyzed the baseline 
factors that together with clinical hand OA determined a clinically 
significant functional decline 12– 18 months after baseline. The 
AUSCAN pain score was dichotomized at the third quartile (<5 
versus ≥5), the physical activity and the grip strength were cat-
egorized as variables with 4 levels using 3 cutoff points based 
on the quartiles. The analyses showed that the use of analgesic/
antiinflammatory drugs and comorbidities were not confounders. 
When baseline pain was included, a 43% difference in the clinical 
hand OA coefficient was detected, but the coefficient was not sig-
nificant. Indeed, hand OA did not continue to be highly significant. 

Table 2. Baseline factors associated with hand functional decline evaluated 12– 18 months after baseline*

Baseline factor β SE P RR (95% CI)
Social isolation 0.03 0.10 0.81 1.03 (0.84– 1.26)
Income capable of making ends meet

Easily – – – 1.00
Fairly easily – 0.07 0.10 0.46 0.93 (0.76– 1.13)
With some difficulty – 0.16 0.14 0.25 0.85 (0.65– 1.12)
With great difficulty – 0.51 0.26 0.05 0.60 (0.36– 0.99)

Walking time†
≤Quartile 1 – – – 1.00
Quartile 1 to quartile 2 0.01 0.13 0.93 1.01 (0.79– 1.30)
Quartile 2 to quartile 3 0.25 0.12 0.04‡ 1.28 (1.01– 1.63)‡
>Quartile 3 0.32 0.13 0.01‡ 1.37 (1.07– 1.76)‡

Grip strength, kg§
>35 – – – 1.00
≤20.5 0.56 0.20 0.006‡ 1.74 (1.17– 2.59)‡
20.5– 26.75¶ 0.58 0.19 0.002‡ 1.78 (1.23– 2.58)‡
26.75– 35¶ 0.48 0.17 0.004‡ 1.61 (1.17– 2.24)‡

Physical activity, minutes/day#
>252.9 – – – 1.00
≤105.0 – 0.09 0.12 0.47 0.92 (0.73– 1.16)
105.0– 171.1¶ – 0.04 0.11 0.74 0.96 (0.77– 1.20)
171.1– 252.9¶ – 0.15 0.11 0.18 0.87 (0.70– 1.07)

Medical/social care 0.15 0.12 0.21 1.16 (0.92– 1.46)
Obesity – 0.05 0.09 0.62 0.95 (0.79– 1.15)
Cognitive impairment 0.07 0.14 0.58 1.08 (0.83– 1.40)
Depression 0.13 0.12 0.29 1.14 (0.90– 1.44)
Chronic lung disease – 0.004 0.12 0.98 1.00 (0.88– 1.25)
Cardiovascular disease 0.04 0.09 0.62 1.05 (0.88– 1.25)
Peripheral arterial disease 0.18 0.12 0.13 1.20 (0.95– 1.53)
Diabetes mellitus – 0.16 0.14 0.25 0.86 (0.65– 1.12)
Stroke 0.17 0.16 0.30 1.19 (0.86– 1.63)
Cancer 0.02 0.11 0.87 1.02 (0.82– 1.27)
Osteoporosis – 0.08 0.11 0.45 0.92 (0.75– 1.14)
Analgesic/antiinflammatory medication 0.005 0.10 0.96 1.01 (0.83– 1.21)
AUSCAN pain score ≥5** 0.10 0.11 0.35 1.11 (0.89– 1.37)
Clinical hand OA

No anxiety 0.29 0.14 0.03‡ 1.34 (1.03– 1.75)‡
Anxiety – 0.17 0.18 0.37 0.85 (0.60– 1.20)

Anxiety
No clinical hand OA 0.33 0.11 0.004‡ 1.39 (1.11– 1.73)‡
Clinical hand OA – 0.14 0.18 0.44 0.87 (0.62– 1.23)

* Model adjusted for age, sex, country, and education level. 95% CI = 95% confidence interval; β = regression 
coefficient; AUSCAN = Australian Canadian Osteoarthritis Hand Index; OA = osteoarthritis; RR = relative risk. 
† By country quartiles, class ≤quartile 1 indicates best performance, class >quartile 3 indicates worst performance. 
‡ Statistically significant. 
§ Lower values indicate worse performance.
¶ Intervals left-open and right-closed. 
# Measured with the Longitudinal Aging Study Amsterdam Physical Activity Questionnaire. 
** AUSCAN pain scores for the hand range from 0 to 100, with 0 indicating no pain. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24404/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24404/abstract
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The interaction of clinical hand OA and the AUSCAN baseline pain 
score was not statistically significant. Mediation analyses from a 
counterfactual- based perspective did not confirm that pain was 
a mediator of the hand OA/hand functionality association, but that 
it was a confounder.

Hand OA was found to interact with anxiety: the results 
outlined in Table 2 show that each of these factors significantly 
increased the RR of worse functionality in the absence of the other 
factor, with the RR of clinical hand OA only slightly less than that 
of anxiety (1.34 versus 1.39). When the other factor was present, 

Table 3. Weighted baseline factors for MCID classifications of hip/knee WOMAC physical function score 12– 18 months after baseline*

Baseline factor
Total  

(n = 1,845)
Worse  

(n = 554)
Not worse  
(n = 1,291) P

Female 51.3 56.0 49.3 0.008†
Age, mean ± SD years 73.7 ± 5.0 74.5 ± 5.2 73.4 ± 4.8 <0.001†
Age, median (IQR) years 73 (70, 77) 74 (70, 78) 73 (70, 77) – 
Country

Italy 17.2 20.9 15.6 <0.001†
The Netherlands 21.1 25.6 19.1 – 
Spain 22.8 23.7 22.4 – 
Sweden 23.4 16.6 26.3 – 
UK 15.6 13.3 16.6 – 

Up to elementary education 41.3 49.5 37.8 <0.001†
Social isolation 21.0 23.8 19.8 0.06†
Income capable of making ends 

meet
Easily 31.5 27.3 33.3 0.003†
Fairly easily 49.9 49.4 50.1 – 
With some difficulty 15.6 19.3 14.0 – 
With great difficulty 3.0 4.1 2.6 – 

Walking time‡
≤Quartile 1 28.9 22.8 31.6 <0.001†
Quartile 1 to quartile 2 26.0 26.2 26.0 – 
Quartile 2 to quartile 3 22.9 23.4 22.7 – 
>Quartile 3 22.1 27.6 19.8 – 

Grip strength, mean ± SD kg§ 27.8 ± 10.2 26.3 ± 9.6 28.4 ± 10.4 <0.001†
Grip strength, median (IQR) kg§ 26.3 (20, 35) 24.5 (19.5, 32.5) 27 (20.5, 36.0) – 
Physical activity, mean ± SD 

minutes/day¶
196.7 ± 132.2 199.1 ± 139.1 195.7 ± 129.2 0.6

Physical activity, median (IQR) 
minutes/day¶

172.9 (105.7, 252.9) 173.6 (105.4, 255.0) 172.9 (105.7, 252.9) – 

Medical/social care 79.3 84.9 76.8 <0.001†
Obesity 25.0 31.3 22.3 <0.001†
Cognitive impairment 7.0 9.9 5.8 0.002†
Anxiety 18.7 23.1 16.8 0.002†
Depression 10.3 13.1 9.1 0.01†
Chronic lung disease 12.6 15.1 11.6 0.04†
Cardiovascular disease 24.2 29.1 22.1 0.002†
Peripheral arterial disease 9.5 14.5 7.3 <0.001†
Diabetes mellitus 11.8 11.1 12.1 0.55
Stroke 4.9 6.4 4.2 0.05†
Cancer 13.1 14.6 12.4 0.22
Osteoporosis 16.1 18.6 15.0 0.06
Clinical hip/knee osteoarthritis 22.6 32.6 18.3 <0.001†
Analgesic/antiinflammatory 

medication
25.5 35.7 21.1 <0.001†

WOMAC hip/knee pain score, mean 
± SD#

10.0 ± 14.3 13.3 ± 15.1 8.6 ± 13.8 <0.001†

WOMAC hip/knee pain score, 
median (IQR)#

5 (0, 15) 10 (0, 20) 0 (0, 10) – 

* Values are the percentage of participants unless indicated otherwise. All of the data except for the numbers of participants, age, and sex are 
weighted. IQR = interquartile range; MCID = minimum clinically important difference; WOMAC = Western Ontario and McMaster Universities 
Osteoarthritis Index. 
† Statistically significant. 
‡ By country quartiles, class ≤quartile 1 indicates best performance, class >quartile 3 indicates worst performance. 
§ Lower values indicate worse performance. 
¶ Measured with the Longitudinal Aging Study Amsterdam Physical Activity Questionnaire. 
# WOMAC pain score for hip/knee ranges from 0 to 100, with 0 indicating no pain. 
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the RR of hand OA and of anxiety was no longer significant. The 
walking time and the grip strength were significantly associated 
with functional decline.

Hip/knee physical function decline. Of the 1,886 partic-
ipants whose baseline and end-of-study records were complete, 
1,845 had all WOMAC measurement records. Of these, an MCID 
score of – 2 identified (using a similar methodology as described in 
Siviero et al [18]) 406 participants (22%) with clinically significant 
hip/knee physical function improvement, while an MCID score of 
2 identified 554 (30%) with clinically significant decline (the worse 
group) 12– 18 months after the baseline assessment. The partic-
ipants in the worse category tended to be female, older, Italian/
Dutch/or Spanish, to have a lower income, to walk slower, to 
have a poorer grip strength, to require more medical/social care 
services, to have a lower education level, a higher prevalence of 
diseases (in particular of hip/knee OA), and higher scores on the 
WOMAC pain scale, and to use more analgesic/antiinflamma-
tory medication with respect to the not worse category (n = 1,291) 
(Table 3, weighted data). There were no differences between the 
2 groups in the prevalence rates of diabetes mellitus, cancer, and 
osteoporosis.

The change with respect to the baseline of the WOMAC 
physical function score between the 2 groups was likewise sig-
nificantly different and in opposite directions: for the worsening 
group, the mean ± SD was 12.9 ± 11 with median 9 (IQR 5, 17) 
and for the nonworsening group, the mean ± SD was – 3.4 ± 7.3 
with median 0 (IQR – 4, 0) (see Supplementary Table 2, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24404/ abstract, for weighted data).

Age was classified as >73 years (median value) versus oth-
ers, the WOMAC pain score was dichotomized at the third quartile 
(<15 versus ≥15), the physical activity and the grip strength were 
categorized as variables with 4 levels using 3 cutoff points based 
on the quartiles in the multivariable regression models (Table 4) 
evaluating the clinically significant hip/knee functional decline 12– 
18 months after baseline. When the comorbidities were added, 
inclusion of the baseline pain adjusted the effect of clinical hip/
knee OA by approximately 49%, but the baseline pain was not 
found to be significant, and hip/knee OA lost its significance. Since 
a null frequency resulted when the WOMAC pain × hip/knee OA 
interaction variable was added, a new variable equal to their com-
bined effect was identified and modeled as the main effect vari-
able: hip/knee OA and WOMAC pain score ≥15 versus other. When 
the analgesic/antiinflammatory medication variable was added, 
there was a 23% change in the coefficient for clinical hip/knee OA 
and pain. From a counterfactual perspective, mediation analyses 
confirmed that the analgesic/antiinflammatory medication vari-
able mediated approximately 27% of the combined effect of OA 
plus pain on physical function decline. In addition to hip/knee OA 
and a pain score ≥15 (RR 1.27 [95% CI 1.09– 1.48]) mediated by 
analgesic/antiinflammatory medication, other factors (peripheral 

artery disease, obesity, cognitive impairment) were associated 
with the functional decline registered at the end of the study.

DISCUSSION

This study aimed to investigate baseline factors such as 
pain, medication, and comorbidity that together with hand or 
hip/knee OA could contribute to clinically meaningful functional 
decline over 12– 18 months in an elderly population. The MCIDs 
for decline used in the present work are lower with respect to 
those in other studies (18). Differences could be due to diversi-
fied time periods, baseline health status, interventions, and/or the 
direction of the change in the MCID considered (improvement or 
decline).

The analysis of our data uncovered the fact that hand OA, 
anxiety, walking time, and grip strength were indeed risk factors 
for hand physical function decline over the study period. The asso-
ciation between the hip/knee OA combined with WOMAC pain 
score ≥15, and a clinically meaningful physical function decline 
12– 18 months after baseline, was reduced when it was adjusted 
for analgesic/antiinflammatory medication, which seemed to par-
tially mediate the association. Peripheral artery diseases, obesity, 
and cognitive impairment were other baseline risk factors for hip/
knee physical function deterioration.

The longitudinal data on the hand outlined here did not con-
firm the role of pain as a mediator in the OA and physical func-
tion decline association that was uncovered during one of our 
cross- sectional studies (11,35– 38), but showed that pain was a 
confounder. In accordance with our previous results, the current 
study found associations between the participants’ physical func-
tion and psychological factors (39– 41). Anxiety, which is an emo-
tional reaction associated to a nonspecific stimulus, could lead to 
preventative behaviors, such as avoidance of potentially painful 
stimuli or activities (39).

An analysis of our hip/knee physical function decline data 
showed that some conditions, such as obesity, cognitive impair-
ment, and peripheral artery diseases, played a confounding effect 
on the OA/physical function interaction. In fact, although these 
conditions were independently associated with functional decline, 
they did not decrease the strength of the OA association.

Our analysis confirmed the findings of one of our previous 
works examining the cross- sectional association between clinical 
OA, comorbidity, and physical function in the same cohort of per-
sons (9). Individuals with OA generally tend to have a significantly 
higher cluster of comorbid conditions than those without (42,43). 
Many of these conditions share, in fact, similar pathophysiologic 
pathways, and some, such as peripheral artery diseases, may 
affect the physical function, limiting endurance performance (44). 
In addition, cognitive impairment affects day- to- day decision- 
making and motivation and is therefore associated with functional 
limitation in activities of daily living and instrumental activities of 
daily living, independently of the effect of somatic conditions (45).

http://onlinelibrary.wiley.com/doi/10.1002/acr.24404/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24404/abstract
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Obesity seems to have an important impact on individu-
als with OA. Some studies have, in fact, demonstrated its effect 
on pain scores (46) and on OA progression (47). While some 
cross- sectional evidence does exist concerning the associations 
between obesity and quality of life, physical function, and exer-
cise, only a few studies have examined the impact over time of 
obesity on disability (48– 51). According to a recent study analyz-
ing older individuals who were monitored over a 6- year period, 
obesity led to worse physical function and reduced ability to 
engage in physical activity as well as disability in individuals with 
or at risk of OA (52).

Because the co- presence of obesity and OA seems to rep-
resent a hazardous duo, identifying strategies that can contrib-
ute to weight loss has become an ever more salient objective. 

Peripheral artery diseases and cognitive impairment appear to 
be another dangerous pair: the frequent co- occurrence of these 
conditions in older patients with OA underlines the importance of 
implementing comprehensive geriatric assessments to identify 
and better manage synergistic effects that may lead to worse 
functional status.

The higher risk of functional decline in individuals using 
 analgesic/antiinflammatory medication at baseline was not sur-
prising, because higher pain levels can, logically speaking, lead 
to worse functional decline. Although there is still no cure for OA, 
interventions based on the principle of reducing pain to maintain 
functional ability over short periods of time seems reasonable. A 
better understanding of the pathologic mechanisms underlying OA 
onset will contribute to formulating better prevention strategies (53).

Table 4. Baseline factors associated with hip/knee functional decline evaluated 12– 18 months after baseline*

Baseline factor β SE P RR (95% CI)
Social isolation 0.05 0.09 0.57† 1.05 (0.89– 1.25)†
Income capable of making ends meet

Easily 1.00
Fairly easily 0.09 0.09 0.31 1.10 (0.92– 1.31)
With some difficulty 0.10 0.12 0.41 1.10 (0.87– 1.39)
With great difficulty 0.14 0.20 0.50 1.15 (0.77– 1.70)

Walking time‡
≤Quartile 1 1.00
Quartile 1 to quartile 2 0.07 0.10 0.49 1.07 (0.87– 1.32)
Quartile 2 to quartile 3 0.06 0.11 0.57 1.06 (0.86– 1.31)
>Quartile 3 0.08 0.11 0.49 1.08 (0.87– 1.34)

Grip strength, kg§
>35.5 1.00
≤20.5 0.32 0.15 0.03 1.37 (1.03– 1.83)
20.5– 27¶ 0.24 0.13 0.06 1.28 (0.99– 1.65)
27– 35.5¶ 1.17 0.12 0.18 1.17 (0.93– 1.47)

Physical activity, minutes/day#
>252.1 1.00
≤105 – 0.07 0.10 0.53 0.94 (0.76– 1.15)
105– 170.1¶ 0.01 0.10 0.90 1.01 (0.83– 1.24)
170.1– 252.1¶ – 0.07 0.10 0.51 0.94 (0.77– 1.14)

Medical/social care 0.12 0.11 0.28 1.12 (0.91– 1.39)
Obesity 0.22 0.08 0.005† 1.24 (1.07– 1.44)†
Cognitive impairment 0.23 0.11 0.045† 1.25 (1.00– 1.56)†
Anxiety 0.13 0.09 0.14 1.14 (0.96– 1.36)
Depression – 0.18 0.11 0.11 0.83 (0.67– 1.04)
Chronic lung disease 0.08 0.09 0.38 1.09 (0.90– 1.31)
Cardiovascular disease 0.14 0.08 0.069 1.15 (0.99– 1.34)
Peripheral artery disease 0.31 0.09 <0.001† 1.36 (1.14– 1.62)†
Diabetes mellitus – 0.13 0.11 0.24 0.88 (0.71– 1.09)
Stroke 0.15 0.13 0.23 1.17 (0.91– 1.50)
Cancer 0.09 0.10 0.33 1.10 (0.91– 1.32)
Osteoporosis – 0.01 0.10 0.89 0.99 (0.82– 1.19)
Analgesic/antiinflammatory medication 0.39 0.08 <0.001† 1.48 (1.27– 1.73)†
Clinical hip/knee osteoarthritis: WOMAC pain 

score ≥15**
0.24 0.08 0.003† 1.27 (1.09– 1.48)†

* Model adjusted for age, sex, country, education level. 95% CI = 95% confidence interval; β = regression coefficient; 
RR = relative risk; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index. 
† Statistically significant. 
‡ By country quartiles, class ≤quartile 1 indicates best performance, class >quartile 3 indicates worst performance. 
§ Lower values indicate worse performance. 
¶ Intervals left-open and right-closed.
# Measured with the Longitudinal Aging Study Amsterdam Physical Activity Questionnaire. 
** WOMAC pain score for hip/knee ranges from 0 to 100, with 0 indicating no pain. 
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The study has, of course, some limitations. First, because the 
samples were drawn from selected areas in each of the participating 
countries, they may not be representative of the national population. 
Second, our results can be generalized only to individuals with clin-
ical and not radiographic OA, because none of participants under-
went radiographic examinations. Third, only self- reported physical 
function scales, not confirmed by any performance tests, were used 
as the study’s outcomes. Although validated, reliable, standardized, 
and patient- centered, the AUSCAN and WOMAC physical func-
tion subscale scores might in any case mirror cultural, educational, 
psychological, health, and cognitive factors, as well as differences 
across countries reflecting discrepancies in these underlying vari-
ables. An analysis using performance- based tests measuring OA- 
related physical limitations could provide more reliable results. While 
the AUSCAN test is rarely adopted in population- based studies, 
here it was used to assess both pain and physical function. Never-
theless, while it is true that the AUSCAN was used to evaluate these 
variables, it was also used to diagnose hand OA, although several 
other factors, for the most part linked to the physical examination, 
were taken into consideration (8,9). Finally, comorbidity was based 
on self- reported diseases and selected screening tests and not on 
clinically ascertained diagnoses. The reliability of self- reported diag-
noses, also confirmed by the patients’ use of medication, is, never-
theless, generally considered high.

The study’s greatest strength is its large population of ran-
domly selected community- dwelling older Europeans, some 
with and some without OA, residing in different countries. The 
same methodology was used across all of those countries, and 
the participants were diagnosed with OA in accordance with 
standardized international guidelines (14). The use of standard-
ized, validated measures to evaluate self- reported physical func-
tion represents another important strength. Finally, the current 
study adds to the existing body of knowledge, given its longitudi-
nal character and its population- based focus.

In conclusion, the study provides additional longitudinal evi-
dence that treating pain can contribute to preventing the func-
tional decline associated with hip/knee OA. The fact that pain 
was also found to be a significant predictor of functional decline 
indicates that further efforts should be made to learn more about 
the disease’s pathophysiology. Emotional status is another 
factor that should be taken into consideration at the time the 
impact of physical disorders on functioning is being evaluated 
and the treatment for disorders causing chronic pain is being 
contemplated. Because some physical and cognitive disorders 
and chronic illness have been identified as independent risk 
factors for hip/knee functional decline, a multifaceted, geriatric 
approach seems appropriate. Individuals with OA who have 
any of these conditions are at greater risk of functional decline 
and may benefit from prevention strategies. Further research will 
be able to answer the many questions that still remain concern-
ing the physical, social, and psychological factors linked to OA 
onset and progression and functional decline.
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Trajectories of Structural Disease Progression in Knee 
Osteoarthritis
Jamie E. Collins,1  Tuhina Neogi,2  and Elena Losina3

Objective. Knee osteoarthritis (OA) is a heterogeneous disease, with most patients experiencing slow disease 
progression and some with rapid deterioration. We aimed to identify groups of patients with symptomatic knee OA 
experiencing rapid structural progression.

Methods. We selected participants from the Osteoarthritis Initiative with baseline Kellgren/Lawrence (K/L) grades 
1– 3 and knee pain, and with joint space width (JSW) on fixed- flexion knee radiographs assessed at baseline and with 
≥1 follow- up over 8 years. We used latent class growth analysis to identify subgroups of JSW progression, jointly 
modeling time to knee replacement (KR) to account for potential informative dropouts. After identifying trajectories, 
we used logistic regression to assess the association between baseline characteristics and the JSW trajectory group.

Results. We used data from 1,578 participants. Baseline radiographic severity was K/L grade 1 in 17%, K/L 
grade 2 in 50%, and K/L grade 3 in 33%. We identified 3 distinct JSW trajectories: 86% stable, 6% with stable JSW 
followed by late progression, and 8% with early progression. Incorporating information about KR resulted in 47% 
of KRs initially classified as stable being reclassified to 1 of the progressing trajectories. Prior knee surgery was 
associated with being in the late- progressing versus the stable trajectory, while obesity was associated with being in 
the early- progressing versus stable trajectory.

Conclusion. In addition to a subgroup of individuals experiencing early structural progression, 8- year longitudinal 
data allowed the identification of a late- progressing trajectory. Incorporating information about KR was important to 
properly identify longitudinal structural trajectories in knee OA.

INTRODUCTION

Knee osteoarthritis (OA) affects 14 million individuals in the 
US and >300 million adults worldwide (1,2). OA of the lower 
extremities is associated with decreased quality of life, leading to 
health expenditures in the US alone totaling >$27 billion annually 
(3,4). While traditionally considered a disease of aging, recent data 
suggest that >8 million knee OA patients in the US are age <65 
years, and 2 million are age <45 years (1).

Despite the clinical and economic impact of knee OA, no 
disease- modifying agents are currently approved. While traditionally 

viewed as a disease characterized by inevitable, but often slow, 
progression, recent work suggests a more nuanced model of OA 
natural history. Felson et al have proposed that knee OA progres-
sion fits a pattern of inertia: knees that are stable tend to remain 
stable, while knees that have begun progressing are likely to con-
tinue to progress (5). Identifying patients likely to experience rapid 
disease worsening is a top research priority that would allow bet-
ter recruitment strategies for clinical trials, optimizing the execution 
of trials focused on disease- modifying osteoarthritis drugs. Identi-
fying risk factors for rapid progression could shed light on targets 
for prevention of structural deterioration (6).
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Latent class growth analysis (LCGA) is a statistical 
approach to identify clusters of subjects with similar progression 
trajectories in longitudinal data. A recent study used this meth-
odology to assess trajectories of progression in magnetic res-
onance imaging (MRI)– based cartilage thickness over 2 years 
in a cohort of subjects with knee OA (7). The authors found 
that ~12% of subjects were in a progression trajectory. Another 
study assessed trajectories of progression in radiograph- based 
joint space width (JSW) and included subjects free of knee OA 
who had risk factors putting them at high risk for developing OA 
(8). This study found a stable trajectory and a progressing tra-
jectory, with 29% of subjects experiencing progression, losing 
~60% of baseline JSW. This method has not yet been used to 
assess long- term JSW changes in subjects with existing symp-
tomatic knee OA.

One challenge in assessing long- term progression of disease 
in longitudinal studies is subject dropout before the scheduled 
end of follow- up, e.g., due to death or loss to follow- up. A dif-
ficulty in assessing longitudinal JSW is knee replacement (KR) 
surgery, which precludes further assessment of JSW. Subjects 
undergoing KR progress, on average, more quickly than subjects 
not having KR (9– 11). By not accounting for dropout due to KR in 
estimating disease trajectories, we may fail to accurately identify a 
trajectory of rapid progressors or to appropriately categorize KR 
recipients.

Approaches to define structural deterioration trajectories in 
knee OA that account for KR may facilitate the identification of 
rapid knee OA progressors and risk factors indicative of such 
rapid decline. We aimed to use LCGA to identify groups of per-
sons with symptomatic knee OA experiencing rapid structural 
progression, taking into consideration implications of informative 
dropout due to KR.

MATERIALS AND METHODS

Sample. We used data from the Osteoarthritis Initiative 
(OAI), a multicenter, longitudinal, observational study of knee OA 
(12,13). Men and women ages 45– 79 years were enrolled at 4 
clinical centers between 2004 and 2006. Questionnaires were 
administered annually for 9 years. Centrally read radiographs are 
available annually through year 4 and at years 6 and 8. To identify 
a cohort with radiographic, symptomatic knee OA, we selected 
participants with baseline Kellgren/Lawrence (K/L) grades 1– 3, 
with JSW assessed at baseline and at least 1 follow- up, and with 
knee pain (OAI definition of symptomatic knee OA: pain, aching, 
or stiffness in or around the knee in the past 12 months) (14). We 
selected 1 knee per participant; choosing the knee with higher 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) pain, or randomly selecting a knee if the pain was equal.

Outcome. JSW is used to measure structural disease pro-
gression in knee OA. It was assessed in the OAI with a fixed- 
flexion knee radiograph (15). We used serial measures of fixed 
JSW at x = 0.25 in the medial tibiofemoral compartment. Fixed 
location- specific JSW has been shown to be more responsive 
and to have higher reproducibility compared to minimum JSW 
(16,17). We excluded poor- quality radiographs based on tibial 
rim distance, beam angle, and poor image quality (see Supple-
mentary Appendix A and Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24340/ abstract).

Covariates. We considered potential predictors of trajec-
tory group membership based on evidence from prior studies 
(7,8,18– 20): sex, age, alignment, history of knee injury, history 
of knee surgery, presence of hand OA, family history of KR, 
baseline body mass index (BMI), and baseline pain, function, 
and symptom duration. Alignment was quantified by femur- tibia 
angle; an angle of approximately −4.7° represents neutral align-
ment, more negative values represent varus alignment, higher 
values represent valgus (21). Hand OA was present if a subject 
had ≥3 Heberden’s nodes (across both hands) at the baseline 
clinical examination (18). Baseline BMI was grouped into nor-
mal weight or overweight (BMI <30), and obese (BMI ≥30). Pain 
and function were assessed with the WOMAC pain and function 
subscales (0– 100, 100 = worst). Participants with frequent knee 
symptoms (most days for at least 1 month) were asked about 
duration with the question “How many years ago did this pain, 
aching, or stiffness start?” with response options of ≤1 year, 2– 5 
years, or >5 years.

KR. We identified knees that underwent KR (see Supple-
mentary Appendix A, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24340/ 
abstract). Follow- up time for subjects with KR was the time 

SIGNIFICANCE & INNOVATIONS
• We assessed trajectories of longitudinal structural 

progression in knee osteoarthritis, jointly modeling 
joint space width and time to knee replacement. 
This is the first analysis to investigate how infor-
mative dropout due to knee replacement affects 
estimates of disease progression in knee osteoar-
thritis.

• The long follow- up period of 8 years allowed us 
to uncover a trajectory of late progressors, sub-
jects who look similar to the stable trajectory over 
the first few years of follow- up and then progress. 
Previous work focusing only on a few years of 
follow- up has not identified these late progres-
sors.

• The finding of ~0.5 mm/year of joint space narrow-
ing during periods of disease progression could 
potentially serve as a benchmark for meaningful 
radiographic progression in future studies.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
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between baseline visit and KR date. For subjects not undergoing 
KR, follow- up time was the time between the baseline visit and 
the last study visit.

Statistical analysis. We used LCGA to identify distinct 
subgroups of JSW progression. LCGA allows for the mod-
eling of distinct subgroups based on longitudinal trajectory 
(22– 24). We considered between 1 and 5 trajectories, follow-
ing the steps outlined by Lennon et al to consider the number, 
shape, and random effects structure of the trajectories (25). 
We chose the initial working random effects structure after 
examining the residuals of a model with no random effects; 
random intercept, random slope, or a quadratic term were 
considered if the residual profile was flat, a straight line, or 
a curve, respectively (26). Using the initial working random 
effects structure, we determined the number of trajectories 
based on fit, considering the Bayesian information criterion 
(BIC), the posterior group membership probabilities (PGMPs), 
and the number of subjects in each group. The BIC is a mea-
sure of model fit that measures improvements in model like-
lihood, accounting for the number of parameters estimated. 
Each subject is assigned a PGMP for each trajectory, repre-
senting the probability that a subject belongs to that specific 
trajectory. A subject is assigned to the trajectory with the high-
est PGMP. Literature suggests that the average PGMP should 
be ≥0.7 for each trajectory (27). Finally, for model stability, we 
sought trajectories with at least 50 subjects per group (~3% 
of the cohort).

While LCGA can handle missing data under the missing- 
at- random assumption (i.e., when missing data are assumed 
to be related to observed but not unobserved outcomes and 
covariates), these models on their own do not accommodate 
informative dropout (28). In the case of KR, we might expect that 
subjects progressing rapidly are more likely to undergo KR (29). 
We used an extension of the LCGA framework to jointly model 
longitudinal JSW and time to KR. This approach can be used to 
correct for potential biases due to informative dropout (30– 32). 
We re- estimated the trajectories of structural progression, using 
the random effects structure determined in the earlier steps, to 
jointly model longitudinal JSW with time to KR, using joint latent- 
class mixed models (30). We evaluated models with 1– 5 trajec-
tories in a similar fashion to the nonjoint models. The LCGA was 
conducted using the R package lcmm (33). The gridsearch func-
tion was used with 100 starting values and 20 iterations to ensure 
that final solutions converged to the maximum likelihood and not 
a local maxima (34).

We assessed the association between trajectory group mem-
bership and baseline covariates using multinomial logistic regres-
sion, advancing covariates with P value less than 0.05 in univariate 
analysis into a multivariable model. We considered models with-
out (model 1) and with (model 2) adjusting for baseline disease 

severity. Due to a high correlation between pain and function, only 
pain was considered for multivariable modeling.

We assessed the association between trajectory group  
membership and longitudinal pain using linear mixed- effects  
models, with repeated measurements of pain as the outcome 
and trajectory group as the predictor. The model was adjusted 
for time, quadratic time, KR, and the interaction between time, 
trajectory group, and KR. We used pattern- mixture modeling to 
account for potential informative dropout due to KR. The final 
pain estimates within each trajectory are a weighted average of 
no KR and KR groups, with weights equal to the proportion of 
subjects in each group (35).

Table 1. Cohort characteristics for the analytic sample*

Characteristic Value
WOMAC pain score 22.4 ± 19.5 

(15.0)
WOMAC disability score 20.0 ± 18.4 

(15.6)
Duration of frequent knee symptoms, years, 

no. (%)
None 474 (30.2)
≤1 191 (12.2)
2– 5 462 (29.4)
>5 442 (28.2)

Baseline JSW (medial JSW at x = 0.250) 5.4 ± 1.3 (5.4)
Baseline JSW (medial minimum JSW) 4.0 ± 1.2 (4.0)
Baseline Kellgren/Lawrence grade, no. (%)

1 265 (17)
2 792 (50)
3 521 (33)

Age 61.8 ± 8.9 (62.0)
Sex. no. (%)

Male 601 (38)
Female 977 (62)

Obese (body mass index ≥30), no. (%)
No 856 (54)
Yes 722 (46)

Alignment† – 5.5 ± 2.5 (– 5.7)
History of knee injury, no. (%)‡

No 950 (61)
Yes 613 (39)

Previous knee surgery, no. (%)§
No 1,210 (77)
Yes 365 (23)

Hand osteoarthritis, no. (%)
No 1,075 (68)
Yes 502 (32)

Family history of knee replacement, no. (%)
No 1,327 (85)
Yes 228 (15)

* Values are the mean ± SD (median) unless indicated otherwise. 
JSW = joint space width; WOMAC = Western Ontario and McMaster 
Universities Osteoarthritis Index, scaled 0– 100, 100 = worst. 
† Femur- tibia angle. An angle of approximately −4.7° represents 
neutral alignment; more negative values represent varus; higher 
values represent valgus. 
‡ History of knee injury was assessed with the question: Have you 
ever injured your knee badly enough to limit ability to walk for at 
least 2 days? 
§ History of knee surgery was assessed with the question: Did you 
ever have surgery or arthroscopy on your knee? 
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Sensitivity analysis. Our primary analysis included sub-
jects with K/L grades 1– 3 to capture subjects with both early and 
established OA. Since pharmacologic trials in OA largely focus 
on subjects with K/L grades 2– 3, we reran the modeling steps 
excluding those subjects with K/L grade 1.

RESULTS

Final sample. Our final analytic sample included 1,578 
subjects. The average age was 62 years, 62% female, and 46% 
obese (Table 1). The mean ± SD baseline WOMAC pain score was 
22 ± 19.5 (0– 100, 100 = worst); 17% of knees were K/L grade 1, 

50% K/L grade 2, and 33% K/L grade 3. The median number of 
JSW measurements postbaseline was 5; 32% of subjects had all 
6 follow- up measurements, while 8% had only 1 follow- up mea-
surement. Subjects included versus excluded from the analytic 
sample were similar on baseline characteristics with the exception 
of baseline K/L grade (see Supplementary Appendix A and Supple-
mentary Table 1, avail  able on the Arthritis Care & Research website 
at http://onlin e  libr ary .wiley.com/doi/10.1002/acr.24340/ abstract). 
Per the quantitative image assessment protocol in the OAI, only 
a subset of knees in the incidence subcohort without radiographic 
OA had images assessed; thus, ~50% of K/L grade 1 knees were 
included compared to 80% of knees with K/L grades 2 and 3 (36).

LCGA. Model selection is described in detail in Supplemen-
tary Appendix A, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24340/ abstract. 
We chose an initial working random effects structure of random 
intercepts and slopes with a quadratic term based on review of 
the residual plots (see Supplementary Appendix A and Supplemen-
tary Figure 1, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24340/ abstract). We then examined models with between 1 
and 5 groups and found the 3- group solution to be the best fit (see 
Supplementary Appendix A, Supplementary Tables 2 and 3, and 
Supplementary Figures 2 and 3, available at http://onlin elibr ary. 
wiley.com/doi/10.1002/acr.24340/ abstract). The 3- group solution with  
random intercepts and slopes with a quadratic term was selected as 
the initial model; 88.5% of subjects were in a stable trajectory, 4.1% in 
a late- progressing trajectory, with stable JSW over the first 3– 4 years 
of follow- up followed by progression over years 4– 8, and 7.4% were 
in an early- progressing trajectory, with progression from baseline to 
year 4 (see Supplementary Appendix A, Supplementary Tables 4–7, 
and Supplementary Figures 4 and 5, available at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24340/ abstract). In the initial model, 8% of 
the subjects in the stable trajectory underwent KR over the course of 
follow- up, compared to 6% of the late progressors and 38% of the 
early progressors. After jointly modeling time to KR and latent trajec-
tory, the 3- group solution remained the best fit (Figure 1 and Sup-
plementary Appendix A, Supplementary Table 8, and Supplementary 

Figure 1. Time is indicated along the x- axis and joint space width 
(JSW) is indicated along the y- axis. Each line represents the estimated 
JSW for that trajectory, while the shaded band shows the 95% 
confidence interval. Line 1 indicates 85.7% of the cohort (n = 1,353) 
and demonstrates a slow stable decline (trajectory 1). Line 2 indicates 
5.9% of the cohort (n = 93) and demonstrates late progression, with 
a sharp decline after year 3 (trajectory 2). Line 3 indicates 8.4% of the 
cohort (n = 132) and demonstrates an early sharp decline, leveling off 
at year 6 (trajectory 3). The filled circles represent the observed JSW in 
each trajectory group at each time point.

Table 2. Reclassification of subjects after incorporating information on total knee replacement*

Original trajectory: knee replacement

Final trajectory

Stable 
(n = 1,353)

Late progression  
(n = 93)

Early progression  
(n = 132)

Stable (n = 1,397)
No 1,287 1 0
Yes 58 28 23

Late progression (n = 65)
No 1 60 0
Yes 0 4 0

Early progression (n = 116)
No 7 0 65
Yes 0 0 44

* Values are the number. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
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Figure 6, available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.  
24340/ abstract). The majority of the cohort (85.7%, n = 1,353) was 
in the stable trajectory, with ~0.5 mm of joint space loss over 8 years 
of follow- up (i.e., ~0.0625 mm/year); 5.9% of the cohort (n = 93) was 
in a late- progressing trajectory, with slow progression over the first 
3 years of follow- up and progression of almost 2 mm of JSW over 
years 4– 8 (i.e., almost 0.5 mm/year in the latter 4 years); 8.4% of the 
cohort (n = 132) was in an early- progressing trajectory, losing ~2 mm 
of JSW over the first 4 years of follow- up (i.e., ~0.5 mm/year in the first 
4 years) and then stabilizing. The average PGMPs were 0.93, 0.77, 
and 0.86 in the stable, late- progressing, and early- progressing trajec-
tories, respectively.

Effect of incorporating KR. While the number and shape 
of trajectories was largely unchanged when we moved from the 
initial JSW model to the final joint JSW and KR model, 32% of KRs 
were reclassified, most from the stable to a progressing trajectory 

(Table 2). Among the 109 subjects with KR initially classified in 
the stable trajectory, 47% were reclassified: 28 into the late- 
progressing trajectory and 23 into the early- progressing trajectory.

Association between baseline characteristics and 
JSW progression trajectory. The early- progressing trajectory 
had lower mean baseline JSW and higher mean WOMAC pain 
and function scores compared to the stable and late- progressing 
trajectories (Table 3). Subjects in the early- progressing trajectory 
were more likely to have baseline K/L grade 3, with 65% of early 
progressors with baseline K/L grade 3 compared to 29% in the 
stable and 40% in the late- progressing trajectories.

Obesity, history of knee surgery, and alignment were signif-
icantly associated with trajectory group membership (Table 3). 
In a multivariable logistic regression unadjusted for baseline dis-
ease severity (Table 4, model 1), obesity was associated with a 
2.0- times increased odds of being in the early- progressing versus 

Table 3. Association between baseline characteristics and trajectory group membership*

Characteristic

Association with trajectory group

Stable  
(n = 1,353)

Late progression  
(n = 93)

Early progression  
(n = 132) P

WOMAC pain score 21.7 ± 19.4 (15.0) 21.7 ± 17.3 (20.0) 30.1 ± 20.4 (30.0) <0.0001
WOMAC function score 19.2 ± 18.3 (14.7) 19.6 ± 16.2 (17.6) 29.3 ± 19.3 (28.0) <0.0001
Duration of frequent knee symptoms, no. (%) 0.1877

None 422 (31) 25 (27) 27 (20) – 
≤1 year 159 (12) 13 (14) 19 (14) – 
2 years 386 (29) 32 (34) 44 (33) – 
>5 years 377 (28) 23 (25) 42 (32) – 

Baseline JSW (medial JSW at x = 0.250) 5.5 ± 1.2 (5.4) 5.5 ± 1.4 (5.4) 4.6 ± 1.5 (4.5) <0.0001
Baseline JSW (medial minimum) 4.1 ± 1.2 (4.1) 4.0 ± 1.2 (4.0) 3.1 ± 1.5 (2.8) – 
Baseline Kellgren/Lawrence grade, no. (%) <0.0001

1 242 (18) 13 (14) 10 (8) – 
2 713 (53) 43 (46) 36 (27) – 
3 398 (29) 37 (40) 86 (65) – 

Age 61.9 ± 9.0 (62.0) 61.1 ± 9.1 (60.0) 61.5 ± 7.7 ( 61.0) 0.5897
Sex, no. (%) 0.7956

Male 511 (38) 38 (41) 52 (39) – 
Female 842 (62) 55 (59) 80 (61) – 

Obese (body mass index ≥30), no. (%) 0.0016
No 753 (56) 50 (54) 52 (39) – 
Yes 599 (44) 43 (46) 80 (61) – 

Alignment† – 5.3 ± 2.5 (– 5.5) – 5.9 ± 2.3 (– 5.8) – 7.3 ± 2.2 (– 7.5) <0.0001
History of knee injury, no. (%)‡ 0.3592

No 821 (61) 57 (62) 72 (55) – 
Yes 519 (39) 35 (38) 59 (45) – 

Previous knee surgery, no. (%)§ 0.0374
No 1050 (78) 62 (67) 98 (74) – 
Yes 300 (22) 31 (33) 34 (26) – 

Hand osteoarthritis, no. (%) 0.7394
No 921 (68) 61 (66) 93 (70) – 
Yes 431 (32) 32 (34) 39 (30) – 

Family history of knee replacement, no. (%) 0.3330
No 1,141 (86) 79 (87) 107 (81) – 
Yes 191 (14) 12 (13) 25 (19) – 

* Values are the mean ± SD (median) unless indicated otherwise. JSW = joint space width; WOMAC = Western Ontario and McMaster Universities 
Osteoarthritis Index, scaled 0– 100, 100 = worst. 
† Femur- tibia angle; an angle of approximately −4.7° represents neutral alignment; more negative values represent varus; higher values represent valgus. 
‡ History of knee injury was assessed with the question: Have you ever injured your knee badly enough to limit ability to walk for at least 2 days? 
§ History of knee surgery was assessed with the question: Did you ever have surgery or arthroscopy on your knee? 
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stable trajectory (95% confidence interval [95% CI] 1.4– 3.0), while 
there was not a significant association between obesity and the 
late- progressing versus stable trajectory (odds ratio [OR] 1.1 [95% 
CI 0.7– 1.6]). A history of knee surgery was associated with a 1.7- 
times increased odds of being in the late- progressing versus 
stable trajectory (95% CI 1.1– 2.7) and was not significantly asso-
ciated with being in the early- progressing versus stable trajectory 
(OR 0.9 [95% CI 0.6– 1.4]). Each 1- degree decrease in femur- tibia 
angle (i.e., more varus) was associated with a 1.5- times (95% CI 
1.3– 1.6) increased odds of being in the early- progressing versus 
stable trajectory (e.g., compared to a participant with a femur- 
tibia angle of 0, a participant with an femur- tibia angle of – 1 has 
1.5- times the odds of being in the early- progressing versus stable 
trajectory); while femur- tibia angle was not significantly associated 
with being in the late- progressing versus stable trajectory (OR 1.1 
[95% CI 0.99– 1.2]). Results were slightly attenuated after adjust-
ment for baseline pain, JSW, and K/L grade (Table 4, model 2). 
Subjects with baseline K/L grade 3 had a 2.7- times increased 
odds of being in the early- progressing versus stable trajectory 
(95% CI 1.3– 5.8).

Association between symptoms and JSW progression 
trajectory. The median baseline WOMAC pain score was 15 in 
the stable trajectory, 20 in the late- progressing trajectory, and 30 in 
the early- progressing trajectory (Table 3). Median WOMAC function 
scores were 14.7, 17.6, and 28.0, respectively. The stable trajec-
tory had slightly decreasing pain over 9 years; estimates from the 
linear mixed- effects model suggest a decrease of ~6 points over 
the first 6 years, with slight increasing pain after year 6 (Figure 2). 
Subjects in the late- progressing trajectory increased pain by 11 
points over 9 years, with stable pain over the first 4 years followed 
by increasing pain over years 4– 9 (11.8- point increase). Those in 

the early- progressing trajectory had relatively stable moderate pain, 
increasing by ~3 points over 9 years.

Sensitivity analysis: K/L grades 2 and 3. Results were 
similar when we restricted the analysis to the 1,313 subjects with 
baseline K/L grades 2 or 3 (see Supplementary Appendix A, 
Supplementary Tables 9–15, and Supplementary Figures 7–10, 

Table 4. Multivariable logistic regression*

Characteristic

Model 1 Model 2

Early progression vs. 
stable

Late progression vs. 
stable

Early progression vs. 
stable

Late progression vs. 
stable

Obese (BMI ≥30)
No Ref. Ref. Ref. Ref.
Yes 2.0 (1.4– 3.0) 1.1 (0.7– 1.6) 1.6 (1.1– 2.4) 1.1 (0.7– 1.7)

Alignment† 1.5 (1.3– 1.6) 1.1 (0.99– 1.2) 1.3 (1.2– 1.4) 1.1 (1.01– 1.2)
Previous knee surgery‡

No Ref. Ref. Ref. Ref.
Yes 0.9 (0.6– 1.4) 1.7 (1.1– 2.7) 0.7 (0.5– 1.1) 1.5 (0.96– 2.4)

WOMAC pain score – – 1.02 (1.01– 1.03) 1.0 (0.99– 1.01)
Baseline JSW (medial JSW at x = 

0.250)
– – 0.9 (0.7– 1.1) 1.2 (0.98– 1.4)

Baseline K/L grade
1 – – Ref. Ref.
2 – – 1.1 (0.5– 2.3) 1.1 (0.6– 2.1)
3 – – 2.7 (1.3– 5.8) 1.7 (0.8– 3.4)

* Values are the odds ratio (95% confidence interval). BMI = body mass index; JSW = joint space width; K/L = Kellgren/Lawrence; Ref. = reference 
group; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index, scaled 0– 100, 100 = worst. 
† Femur- tibia angle; odds ratio per 1- unit decrease. 
‡ History of knee surgery was assessed with the question: Did you ever have surgery or arthroscopy on your knee? 

Figure 2. Time is indicated along the x- axis and Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC) pain (0– 
100, 100 = worst) is indicated along the y- axis. Each line represents 
the mean WOMAC pain from the linear mixed- effects model for 
each joint space width (JSW) trajectory group, while the shaded 
band shows the 95% confidence interval. The solid line represents 
stable JSW (trajectory 1). The center broken line represents late- 
progressing JSW (trajectory 2). The top broken line represents early- 
progressing JSW (trajectory 3).
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available on the Arthritis Care & Research website at http://onlin e  
libr ary.wiley.com/doi/10.1002/acr.24340/ abstract). A total of 84%  
of subjects were in the stable trajectory, 6.7% in the late- progressing 
trajectory, and 9% in the early- progressing trajectory. Associations 
with baseline characteristics were similar to the primary analysis.

DISCUSSION

We used a large longitudinal cohort of subjects with knee OA 
to investigate patterns of structural progression over 8 years. We 
identified 3 trajectories of progression: a stable trajectory losing 
on average only 0.5 mm of JSW over 8 years (~0.0625 mm/year); 
late progression (~0.5 mm over years 0– 4, followed by 2 mm of 
joint space narrowing [JSN] over years 4– 8); and early progression 
(~2 mm of JSN over the first 4 years, followed by 0.2 mm over 
years 4– 8). Subjects in the early- progressing trajectory were more 
likely to have advanced OA at baseline, with less JSW, higher K/L 
grade, and worse pain and function. Incorporating information 
about potential not- at- random data loss due to KR resulted in 
32% of subjects with KR being reclassified.

Our analysis is the first to use data from a prevalent OAI cohort 
over 8 years to estimate JSW trajectories. Previous studies using 
trajectory modeling primarily focused on shorter follow- up. Deveza 
et al assessed trajectories of MRI- based cartilage thickness using 
growth mixture modeling on a subset of subjects from the OAI (7). 
This study is the first to evaluate trajectories of MRI- based cartilage 
thickness; however, this measure was available only on a selected 
subset of OAI participants (project 9B, Foundation for the National 
Institutes of Health OA Biomarkers Consortium) and only at base-
line, 1, and 2 years. The authors found that 88% of subjects were 
in the stable trajectory, 10% were in a moderate- progressing 
trajectory, and the remaining 2% in a rapid- progressing trajec-
tory. Bartlett et al (19) evaluated patterns of JSW over 2 years in 
subjects with painful knee OA and found that ~9% of the cohort 
belonged to a progressing trajectory.

We incorporated data from over 1,500 OAI participants with 
radiographic knee OA and pain over 8 years of follow- up. This 
long follow- up allowed us to uncover a trajectory of late progres-
sors, subjects who look similar to the stable trajectory over the first 
few years and then progress. Previous work with shorter follow- up 
has not identified these late progressors.

Halilaj et al (8) used data from the OAI incidence cohort over 
8 years, which included subjects without knee OA at baseline but 
at high risk for developing the disease. Using a mixed- effects mix-
ture model, the authors found 2 trajectories of structural pro-
gression, with 71% of subjects in the stable trajectory and 29% 
in the progressor trajectory. Subjects in the progressor trajectory 
lost ~60% of their baseline JSW over 8 years of follow- up, with 
~0.3 mm of JSN annually. In our analysis, subjects in both the ear-
ly-  and late- progressing trajectories lost ~45% of baseline JSW. 
Focusing on change from baseline rather than the absolute value 
allowed the authors to focus specifically on patterns of change. We 

chose to model the absolute value and found that baseline JSW 
value was associated with trajectory group membership, which fits 
with the inertia hypothesis in knee OA, that knees that have begun 
progressing are likely to experience further worsening (5). Baseline 
differences in disease severity could be explained by the so- called 
“horse- racing effect,” that knees that have already started progress-
ing are likely to be “out in front” (i.e., to have less joint space) at 
baseline because they were in a worsening trajectory before the 
start of the study (37).

There is no universal definition of knee OA progression. In the 
context of clinical trials of anti– nerve growth factor compounds, 
rapidly progressing OA has been defined as loss of joint space of 
≥2 mm in <1 year without gross joint failure (38). The Foundation 
for the National Institutes of Health OA Biomarkers Consortium, on 
the other hand, defined radiographic progression as a decrease in 
JSW from baseline to 24, 36, or 48 months of ≥0.7 mm, based on 
study- specific smallest detectable change (39). The annual pro-
gression observed in this study varied slightly by year and aver-
aged ~0.5 mm/year during the periods of progression (baseline 
to year 4 for early progressors; years 4– 8 for late progressors), 
greater than the radiographic progression defined by the Foun-
dation for the National Institutes of Health, and much lower than 
the rapidly progressing OA type 1 rate currently being used to 
define adverse joint safety events in the anti– nerve growth factor 
programs. Thus, a rate of 0.5 mm/year could potentially serve as 
a benchmark for meaningful radiographic progression.

Previous work has shown that dropouts due to KR are 
likely to be informative (11). While incorporating KR did not 
uncover a new trajectory of progressors, it led to reclassifying 
~32% of subjects undergoing KR, most from the stable to a 
progressing trajectory. Only 10% of subjects underwent KR 
over the 8 years of follow- up, so the effect of KR on estimating 
the size and shapes of trajectory groups possibly would have 
been more striking if more subjects had undergone the proce-
dure. We did not incorporate missing data due to other rea-
sons (e.g., nonresponse or death) because these are unlikely 
to be associated with unobserved JSN and thus were thought 
to be uninformative.

In addition to differences in baseline disease severity, we 
found that obesity, prior knee surgery, and alignment were associ-
ated with being in a progressing trajectory. While obesity and knee 
injury are consistently noted to be risk factors for incident knee 
OA, previous work has pointed to the potential for different risk 
factors for OA incidence versus progression (29,40). Work both in 
the OAI and other cohorts has been unable to consistently iden-
tify predictors of structural disease progression (20). Deveza et al 
identified subjects progressing in MRI- based quantitative cartilage 
with adequate discrimination (area under the curve 0.79), but only 
included a subset of patients with frequent knee pain (7). In addi-
tion to obesity, the authors found family history of KR, baseline 
WOMAC pain, baseline medial JSW, and pain duration were sig-
nificant predictors of progression.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24340/abstract
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In our study, pain duration and family history of KR were 
not significantly associated with JSW trajectory. Halilaj et al, 
focusing on trajectories of change in JSW from baseline, were 
unable to predict progression with high discrimination (8). The 
progression of OA is a complex process involving inflamma-
tory, mechanical, genetic, and metabolic factors (41,42). 
Possibly baseline predictors for those knees that have already 
begun to progress (i.e., early progressors) are different from 
those that have not. Methods to identify patterns of change 
across multiple domains may allow for better understanding of 
disease heterogeneity and thus better predictors of progression.

Cross- sectional evidence from the Multicenter Osteoarthritis 
Study and Framingham Study show increasing pain with increas-
ing JSN grade, osteophyte grade, and K/L grade (43). Previous 
work on pain trajectories in the OAI showed that while increasing 
K/L grade is associated with increasing odds of being in a worse 
pain trajectory, the trajectories themselves show relatively stable 
pain over time, even among participants with baseline K/L grade 
4 (44). Pain in knee OA has been shown to lead to avoidance of 
activities as people learn to accommodate (45). Perhaps those 
with early progression have had more opportunity to accommo-
date to their pain over time, while those with late progression are 
experiencing more acute changes in pain.

This study has several important limitations. Decisions 
regarding the number of trajectories and trajectory shapes are 
somewhat subjective. We set a threshold of 50 subjects (~3% 
of the cohort) as a meaningful trajectory size; other studies have 
included smaller group sizes. KR is an elective surgery; the deci-
sion depends on many factors, including race, education, and 
age, among others (46). The OAI cohort may not be generalizable 
to the entire population of patients with OA; the OAI exclusion 
criteria, including the inability to undergo MRI due to size limits, 
comorbid conditions that could interfere with follow- up, and plans 
for bilateral KR, may have led to the selection of a relatively healthy 
OA cohort (47).

In summary, we found 3 distinct patterns of JSW progression 
in a cohort of subjects with knee OA; the majority experienced 
stable JSW over time, while the progression patterns included 
an early- progressing trajectory and an as yet undescribed late- 
progressing trajectory. OA is a slowly progressing disease, and 
we found that incorporating long- term follow- up of 8 years and 
informative missingness due to KR were important in defining dis-
ease trajectories.
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Incidence, Prevalence, and Burden of Gout in the Veterans 
Health Administration
Lindsay N. Helget,1  Bryant R. England,1  Punyasha Roul,1 Harlan Sayles,2 Alison D. Petro,1 Kaleb Michaud,1 
and Ted R. Mikuls1

Objective. To determine the prevalence, incidence, and burden of gout in the Veterans Health Administration 
(VHA) from 2005 to 2014.

Methods. We used national VHA data from January 1999 to December 2014 to determine the annual incidence 
and prevalence of gout in the VHA. Gout burden to the VHA was determined by the proportion of patients with 
an encounter related to gout. Rates of urate- lowering therapy (ULT) and opiate use were determined annually. 
Characteristics of those with and without gout were compared using 2014 data.

Results. From 2005 to 2014, gout prevalence in the VHA increased from 4.2% to 5.8%, while disease incidence 
ranged from 5.8 to 7.4 cases per 1,000 patient- years. Gout prevalence was highest among men, older patients, and 
non- Hispanic black patients. During 2014, 4.0% of all inpatient or outpatient encounters and 1.3% of hospitalizations 
were gout related. Administration of ULT remained stable over the 10- year period, with 46% of gout patients receiving 
ULT in 2014. In contrast, 16.4% of prevalent gout patients were receiving a weak opioid in 2014, nearly doubling 
the prescription rate of weak opioids in 2005, while the use of stronger opioids did not change significantly over this 
period. Patients with gout had greater comorbidity and health care utilization than patients without gout.

Conclusion. The burden posed by gout in the VHA is considerable and increased between 2005 and 2014. While 
the use of ULT has remained stable, the use of opioid therapy has increased among patients with gout.

INTRODUCTION

Gout is a chronic condition characterized by intermittent 
bouts of inflammatory arthritis caused by the precipitation of mono
sodium urate crystals in both intraarticular and periarticular tis
sues. In addition to being associated with accelerated mortality 
(1), gout results in substantial morbidity and costs. An analysis 
from the National Ambulatory Medical Care Survey estimates that 
gout related health care costs approach $1 billion annually (2). In 
analyses using the Nationwide Emergency Department Sample 
from 2008, gout was the primary diagnosis for >170,000 emer
gency department visits in the US alone, resulting in total health 
care charges exceeding $160 million (3). These figures have 
grown with 2012 estimates using the same data source demon
strating >200,000 gout related emergency department visits, 
with encounter related charges exceeding $280 million (4). This 
increase in gout related emergency department visits is particu
larly relevant, as almost one third of patients with gout seen in the 

emergency department receive an opioid prescription at discharge 
(5), suggesting that gout may serve as a gateway to chronic opiate 
use even though highly effective gout therapies are available. In 
addition to direct health care costs and costs posed by poten
tially inappropriate care, gout is also independently associated 
with increased work absenteeism and losses in work productivity. 
Compared to employees without the diagnosis, employees with 
gout take nearly twice as much sick leave and twice as much 
short term disability leave, translating into an estimated total loss 
of >3 million days annually across the US civilian workforce (6).

The potential economic and health care burden posed by 
gout underscores the importance of accurately quantifying its 
impact at the level of the health care system. Although gout is 
the most common form of inflammatory arthritis, precise esti
mates of gout frequency are limited. The most recent national esti
mates of gout prevalence in the US come from the National Health 
and Nutrition Examination Survey (NHANES) (7). This study esti
mated the overall US gout prevalence as approaching 4%, with 
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significant variation observed in subpopulations defined by race, 
sex, and age. Older men and non Hispanic black patients had 
the highest prevalence of gout (8.7% and 4.8%, respectively) (7).

Whether national prevalence estimates from NHANES can be 
extrapolated to specific patient populations is unknown. This may 
be particularly relevant for health care systems to better define the 
health needs of beneficiaries and to develop strategies to address 
those needs. The Veterans Health Administration (VHA) is among 
the largest integrated health care systems in the US, providing 
health care for >5 million patients annually (8). The VHA popu
lation is enriched with gout risk factors, with an older, predomi
nantly male population that is impacted by high rates of chronic 
kidney disease (CKD) and other comorbidities observed more 
frequently in the context of gout (9). These population character
istics, along with the availability of robust administrative and elec
tronic health record data, enable a comprehensive assessment 
of gout frequency and burden in the VHA. Thus, the goal of this 
study was to determine the prevalence, incidence, and burden of 
gout in the VHA from 2005 through 2014.

MATERIALS AND METHODS

Study population and data source. For this study, 
complete capture of health care data from the national Veter
ans Affairs (VA) electronic medical record system was accessed 
through the VA Corporate Data Warehouse, including inpatient 
and outpatient diagnostic codes, procedure codes, pharmacy 
transactions, laboratory data, and outsourced VA visits (10). We 
focused these  analyses on the 10 year period from 2005 through 
2014, excluding data prior to 2005 to minimize misclassification 
of prevalent cases as incident cases due to time accrued in the 
current system wide electronic health record that was first imple
mented at the VA in 1999. In order to qualify for a diagnosis of 
gout, patients had to have an International Classification of Dis
eases, Ninth Revision (ICD 9) code of 274.xx from at least 2 sep
arate encounters at least 30 days apart in the outpatient setting, 
or one 274.xx code as a hospital discharge diagnosis. This could 
also include non VA care billed to the VA. We limited our follow up 
through 2014 to avoid misclassification related to ICD 10 imple
mentation that started in 2015.

Demographic and health characteristics were extracted 
for patients in the VHA. Demographic characteristics examined 
included age, sex, and race. Other health characteristics exam
ined included body mass index (kg/m2), estimated glomerular 
filtration rate (ml/minute), select comorbidities (diabetes melli
tus, hypertension, stroke, and history of myocardial infarction), 
and medication use (thiazide or loop diuretics and opioids). The 
Rheumatic Disease Comorbidity Index score was calculated as an 
overall measure of comorbidity (11). Among prevalent gout cases, 
we examined the frequency of opiate and urate lowering therapy 
(ULT; allopurinol, febuxostat, probenecid, or pegloticase) use for 
each calendar year. Usage rates were compared between veterans 
with and without gout. Opiates were classified as weak or strong, 
as previously reported (12). Weak opiates included  hydrocodone, 
codeine, and tramadol; strong opiates included morphine, 
 hydromorphone, oxycodone, fentanyl, and methadone.

Estimates of gout frequency and burden. For annual 
health system prevalence estimates, the numerator was defined 
as the number of subjects who fulfilled the gout algorithm in that 
calendar year or during a prior calendar year who had either an 
outpatient or inpatient VA visit that year. The denominator was 
defined as the total number of subjects who had either a VA out
patient or inpatient encounter during the same calendar year who 
had not previously fulfilled the gout algorithm. We restricted the 
denominator in this way because our methods for identifying gout 
required gout related encounters. For annual incidence estimates, 
the numerator was defined as the number of subjects who ful
filled the gout algorithm for the first time in that calendar year with 
at least 2 years of previous follow up without a gout diagnosis 
or receipt of a gout related medication (allopurinol, febuxostat, 
probenecid, pegloticase, or colchicine). Of the medications listed, 
allopurinol has been shown to be the most frequently used ULT in 
the VHA system, and based on prior work, only ~10% of patients 
receive dose escalations beyond 300 mg per day. Further break
down of ULT use and dosage escalation in the VHA can be found 
in a previous study by Coburn et al (13). Incidence and prevalence 
estimates were stratified by sex (male versus female), age group 
(≥20– 39, ≥40– 59, ≥60– 79, and ≥80 years), race (white non 
Hispanic, black non Hispanic, white Hispanic, black Hispanic), 
and a combination of age and sex. Sensitivity analyses for both 
prevalence and incidence were completed by applying less strict 
criteria to fulfill the gout algorithm wherein the numerator for these 
estimates included all patients with ≥1 inpatient or outpatient gout 
codes. The denominator definition remained unchanged. Preva
lence and incidence definitions were modeled after previous VHA 
population studies involving patients with different chronic health 
conditions (14–16).

Gout burden was defined as the frequency of gout related 
encounters, including all ambulatory visits and inpatient hospi
talizations during each calendar year. Specifically, overall annual 
burden was determined as the number of subjects with any 

SIGNIFICANCE & INNOVATIONS
• Using data from the national Veterans Health Ad-

ministration (VHA), we estimated an ~6% preva-
lence of gout with an increasing prevalence over a 
10- year period.

• From 2005 to 2014 in the VHA, there has been in-
creasing opioid use in veterans with gout.

• Among US veterans, gout disproportionately impacts 
male patients who are older, who are African Ameri-
can, or who have cardiometabolic comorbidity.
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gout related encounter during the year divided by the total num
ber of subjects with either an inpatient or outpatient VA encounter 
during the same period. We further examined the proportion of 
hospitalizations that occurred each year with gout as either the 
primary or secondary diagnosis.

Statistical analyses. Patient characteristics were com
pared between patients with prevalent gout and those without 
gout during the 2014 calendar year using independent t tests for 
continuous variables or chi square tests for categorical variables. 
We calculated 95% confidence intervals (95% CIs) for all preva
lence and incidence estimates. All analyses were completed using 
Stata, version 15, within the VA Informatics and Computing Infra
structure (10).

RESULTS

Characteristics of VHA patients with (n = 326,668) and with
out (n = 5,315,309) gout during the 2014 calendar year are shown 
in Table 1. Characteristics were generally similar in 2014 as in prior 
years (data not shown). Compared to those without gout, gout 
patients were older, more often male, and more often non White. 
Comorbidities including obesity (70% versus 53%), hypertension 
(87% versus 51%), prior myocardial infarction (8% versus 3%), 

diabetes mellitus (43% versus 23%), and moderate to severe 
CKD (38% versus 22%) were all significantly more common in 
gout patients compared to patients without gout (P < 0.001).

Ten year trends in gout prevalence and incidence are shown 
in Figure 1. From 2005 to 2014, the prevalence of gout in the VA 
increased from 4.2% to 5.8%, while gout incidence ranged from 
5.8 to 7.4 cases per 1,000 patient years during the same period. 
The total number of VA patients over the study period ranged from 
4,684,878 in 2005 to 5,641,977 in 2014. In sensitivity analyses, 
using the less stringent gout classification of a single diagnostic 
code, gout prevalence showed a similar trajectory over the 10 
year period and reached a maximum of 6.3% in 2014. Incidence 
rates were slightly higher in sensitivity analyses using the less 
stringent criteria (ranging from 7.7 to 9.2 cases per 1,000 patient 
years) but showed a similar declining trend over follow up to that 
observed in the primary analyses.

When stratified by sex, male patients in 2014 had a substan
tially higher prevalence of gout than female patients (6.4% and 
0.6%, respectively) (Table 2). In the same year, gout prevalence 
increased progressively with age, ranging from a low of 0.4% in 
those 20– 39 years to 9.5% in those ≥80 years. When stratified 
by race, non Hispanic black patients had the highest prevalence 
(7.0%), while black Hispanic patients and white Hispanic patients 
had the lowest (both 3.9%).

Table 1. Characteristics of US veteran patients with and without prevalent gout for the calendar year 2014*

Characteristic
Gout 

(n = 326,668)
Non- gout 

(n = 5,315,309) P
Demographic information

Age, mean ± SD years 70 ± 12 61 ± 17 <0.001
Male 99 90 <0.001
Race <0.001

White 77 80
Black 20 17
Other 4 3

Service connected 54 56 <0.001
Health factors and comorbidity

Body mass index, kg/m2 <0.001
<20 1 1
20 to <25 4 12
25 to <30 25 35
≥30 70 53

Hypertension 87 51 <0.001
Prior myocardial infarction 8 3 <0.001
Diabetes mellitus 43 23 <0.001
Chronic kidney disease† <0.001

Stage 1 (>90 ml/minute) 16 25
Stage 2 (60– 89 ml/minute) 46 54
Stage 3 (30– 59 ml/minute) 32 20
Stage 4 or 5 (<30 ml/minute) 6 2

RDCI score, mean ± SD 2.7 ± 1.5 1.7 ± 1.6 <0.001
≥1 SU test measured during year 39 7 <0.001
Maximum SU value, mean ± SD mg/dl 6.9 ± 2.0 6.1 ± 1.6 <0.001
SU value, mean ± SD mg/dl 6.6 ± 1.8 6.0 ± 1.5 <0.001

* Values are the percentage unless indicated otherwise. Excludes patients developing incident gout during 2014. 
RDCI = Rheumatic Disease Comorbidity Index; SU = serum urate. 
† Chronic kidney disease based on estimated glomerular filtration rate (ml/minute) extracted from laboratory 
values. 
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Opioid prescriptions for gout patients increased from 2005 
to 2014 (Figure 2A). In 2005, 8.4% of patients with gout received 
a weak opioid, compared to 16.4% in 2014. In contrast, the pre
scription of strong opioids in gout patients remained relatively sta
ble from 2005 to 2014 (2.6% versus 3.4%). Limiting the analysis to 
gout patients with a gout related encounter in 2014, these figures 
were even higher, with 27% of patients receiving a weak opioid 
and 5.4% receiving a strong opioid (data not shown). The increase 
in opioid use among gout patients generally paralleled an increase 
observed over the same period among patients without gout in 
the VA (Figure 2B). In contrast to opioid use, the prescription of 
ULT from 2005 to 2014 remained stable, with 46% of prevalent 
gout patients receiving a urate lowering agent in 2014 (Figure 2C).

Ten year trends in gout burden, defined as the proportion 
of VHA patients with at least 1 inpatient or outpatient encounter 
related to gout, are shown in Figure 3. During this period, gout 
burden increased slightly from 3.4% (95% CI 3.4– 3.4%) in 2005 
to 4.0% (95% CI 3.9– 4.0%) in 2014. During the same period, the 
number of hospitalizations related to gout remained relatively sta
ble. In 2014, there were 867 hospitalizations of patients with gout 
as the primary diagnosis (accounting for 0.2% of hospitalizations in 
the VHA) and 5,470 hospitalizations of patients with gout as either 
the primary or secondary diagnosis (accounting for 1.3% of hospi
talizations). Health care utilization in patients with gout and patients 
without gout in 2014 are summarized in Table 3. Consistent with 
higher prevalence of comorbidity, patients with gout were more 

likely to be hospitalized (ever or during 2014), more likely to visit the 
emergency department, and had a higher number of ambulatory 
encounters. Likewise, in addition to more frequent opiate use, gout 
patients were substantially more likely than patients without gout to 
take thiazide or loop diuretics, nonsteroidal antiinflammatory drugs, 
glucocorticoids, or other gout related treatments.

DISCUSSION

In this study, we found that gout was prevalent in ~6% of all 
individuals receiving care in the VA Health System in 2014. These 
results also suggest a recent increase in gout frequency in the 
VHA, with a 37% increase in disease prevalence observed over 
the 10 year span beginning in 2005. Importantly, the increase in 
gout frequency appears to be independent of disease incidence, 
as new gout cases presenting to the VA over the same span 
remained relatively stable or even decreased slightly over time. 
Consistent with prior research in other populations (7), the impact 
of gout among US veterans appears to be greatest in older men, 
particularly among non Hispanic black patients. Approximately 1 
of every 10 men over the age of 80 years receiving health care 
in the VA carries a gout diagnosis. The burden posed by gout to 
the VHA also appears to be substantial, contributing to >200,000 
ambulatory encounters and >5,000 hospitalizations in 2014 alone.

It is noteworthy that gout prevalence in the VA appears 
to be substantially higher than that reported in the US general 

Figure 1. Gout in the Veterans Health Administration by prevalence (A), prevalence using sensitivity analysis (B), incidence (C), and incidence 
using sensitivity analysis (D) from 2005 to 2014. Confidence intervals are not shown given extremely small ranges. VA = Veterans Affairs.
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population. Using NHANES data from 2015 to 2016, Chen Xu 
and colleagues recently reported a gout prevalence of 3.9% (7). 
Gout prevalence in the VA also appears to be substantially higher 
when comparing populations outside the US. Kuo et al estimated 
the prevalence in the UK in 2012 at 2.49% (17). A study in Can
ada using the Clinical Practice Research Datalink estimated the 
prevalence in British Columbia to be 3.8% (18). By comparison, a 
systematic review of 25 studies and 5 reports conducted on the 
population of Australia showed a prevalence of 1.7% in 1996 (19). 
The Republic of Korea has an even lower estimated prevalence 
of 0.76% based on data from the National Health Claims Data
base in 2015 (20). Reasons for the ~50% or higher prevalence 
of gout seen in the current study are likely multifactorial, attrib
utable not only to inherent differences in the study populations 
but also to different methods of case ascertainment. When focus
ing these estimates on men, who account for ~90% of the VA 
patient population (21), study differences are less striking, with a 
prevalence of 6.4% among men in the VA and 5.2% among men 
sampled in the NHANES. In women, however, differences in the 
reported prevalence rates are far more striking, with only 0.6% 
of women in the VA having gout compared to 2.7% of women 
in the NHANES. Reasons underpinning these sex specific differ
ences are unknown and merit further investigation. Other factors 
likely contributing to study differences include the relatively high 
frequency of other gout risk factors in the VA, such as obesity, 
diabetes mellitus, hypertension, diuretic use, and chronic kidney 

disease, among others (9,22,23). Gout classification in the pre
vious NHANES studies was based on self reported physician/
health professional diagnosed gout, whereas the current study 
leveraged diagnostic codes from administrative data. Although 
the precise impact that these different methods may have yielded 
on the prevalence estimates in men and women that are reported 
is unknown, it is important to recognize that either approach can 
lead to misclassification (24,25). For example, Wolfe et al looked at 
the diagnosis of gout in a rheumatology versus primary care clinic 
and found that almost 2% of patients in the population studied 
were misclassified as having gout by their primary care clinic (26). 
Another study by Cadzow et al showed that self report of gout 
or ULT use had high sensitivity and precision for detecting the 
presence of urate associated single nucleotide polymorphisms in 
comparison to hospital diagnosis or ULT use (27).

These findings have important implications for health systems 
such as the VA, representing one of the largest health systems 
in the US. In addition to its detrimental impact on patient health, 
quality of life, and survival, gout frequently serves as a bellwether 
of multimorbidity, and its management accounts for considera
ble health care resources (28). In a cross sectional study using 
a large German claims database, patients with gout and related 
disorders were >16 times as likely as those without gout to expe
rience multimorbidity (29). Chronic conditions frequently responsi
ble for the presence of multimorbidity in patients with gout include 
cardiac, metabolic, and renal disorders (1,9,22,29). In our study, 

Table 2. Gout prevalence and incidence among US veterans by sex, age, and race/ethnicity in 2014*

Primary analysis requiring at 
least 2 codes

Sensitivity analysis requiring only 
1 code

Prevalence

Incidence,  
per 1,000 

patient- years Prevalence

Incidence,  
per 1,000 

patient- years
Overall 5.8 (5.8– 5.8) 5.8 (5.8– 5.8) 6.3 (6.3– 6.3) 7.7 (7.7– 7.8)
Sex

Male 6.4 (6.3– 6.4) 6.4 (6.3– 6.5) 7.0 (6.9– 7.0) 8.5 (8.4– 8.6)
Female 0.6 (0.5– 0.6) 0.7 (0.6– 0.8) 0.6 (0.6– 0.7) 1.2 (1.1– 1.3)

Age, years
20– 39 0.4 (0.4– 0.4) 0.9 (0.8– 1.0) 0.5 (0.5– 0.6) 1.9 (1.8– 2.0)

Male 0.5 (0.5– 0.5) 1.1 (1.0– 1.2) 0.7 (0.7– 0.7) 2.4 (2.3– 2.5)
Female 0.0 (0.0– 0.0) 0.0 (0.0– 0.0) 0.0 (0.0– 0.1) 0.0 (0.0– 0.0)

40– 59 3.3 (3.3– 3.4) 4.6 (4.5– 4.7) 3.8 (3.8– 3.8) 6.8 (6.6– 6.9)
Male 4.0 (3.9– 4.0) 5.5 (5.4– 5.6) 4.5 (4.5– 4.6) 8.0 (7.9– 8.2)
Female 0.4 (0.3– 0.4) 0.5 (0.4– 0.6) 0.4 (0.4– 0.5) 1.1 (1.0– 1.3)

60– 79 7.5 (7.5– 7.5) 7.6 (7.5– 7.7) 8.2 (8.1– 8.2) 9.7 (9.6– 9.8)
Male 7.8 (7.7– 7.8) 7.9 (7.8– 8.0) 8.4 (8.4– 8.5) 10.0 (9.9– 10.1)
Female 1.4 (1.3– 1.5) 1.6 (1.4– 1.8) 1.6 (1.5– 1.7) 2.7 (2.4– 3.1)

≥80 9.5 (9.5– 9.6) 7.1 (6.9– 7.3) 10.2 (10.1– 10.2) 9.0 (8.7– 9.2)
Male 9.6 (9.6– 9.7) 7.1 (6.9– 7.3) 10.3 (10.2– 10.3) 9.0 (8.8– 9.3)
Female 3.8 (3.5– 4.1) 3.5 (2.5– 4.5) 4.1 (3.8– 4.4) 4.8 (3.6– 5.9)

Race/ethnicity
White Hispanic 3.9 (3.9– 4.0) 3.9 (3.7– 4.1) 4.2 (4.2– 4.3) 4.7 (4.5– 5.0)
White Non- Hispanic 6.0 (5.9– 6.0) 5.9 (5.8– 6.0) 6.5 (6.5– 6.5) 7.7 (7.6– 7.8)
Black Hispanic 3.9 (3.6– 4.2) 4.6 (3.5– 5.7) 4.2 (3.9– 4.6) 5.5 (4.3– 6.8)
Black Non- Hispanic 7.0 (7.0– 7.1) 7.3 (7.1– 7.5) 7.6 (7.6– 7.7) 9.4 (9.2– 9.6)

* Prevalence values are the percentage (95% confidence interval), and incidence values are the number 
of new cases per 1,000 patient-years (95% confidence interval). 
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we similarly found higher rates of diabetes mellitus, cardiac dis
ease, and renal disease among veterans with gout compared to 
those without gout. These findings were consistent with a study 
conducted in British Columbia that analyzed a province wide 
database (18). Similarly, a New Zealand study utilized an inpatient 

database and found that patients with gout flare more often had 
concomitant cardiovascular disease, infection, stroke, arrhythmia, 
diabetes mellitus, atherosclerosis, and renal disease (30).

Due to the severity and acute onset of pain often associated 
with gout flares, patients commonly seek treatment at urgent care 
clinics and emergency rooms. In a multicenter prospective cohort 
study of veterans with gout, 10% of patients were hospitalized for 
a gout related encounter, and 26% had emergency department 
visits related to gout over the course of 1 year (31). These acute 
care visits, as well as chronic care for gout and multimorbidity, 
result in tremendous health care utilization and cost. In a study 
using the Integrated Healthcare Information Services claims data
base, which collects information from 40 private health plans in the 
US, gout patients had total health care costs of almost $15,000 
per year compared to $9,000 per year for their gout free counter
parts, using 2005 US dollars (32). This difference was even more 
striking in poorly controlled gout, where annual health care costs 
were $10,000 to $20,000 greater than in those without gout (33).

Despite the increased burden of gout observed in our study 
and the availability of effective therapies for its management, 
we did not observe an increase in the use of ULT over time. If 
anything, ULT administration among prevalent gout patients 
decreased slightly over the observation period. Our findings sug
gest that providers may be missing opportunities to meaningfully 
improve patient outcomes while reducing health care utilization 
and cost related to gout. While the overall rate of ULT use was 

Figure 2. Percentage of opioid prescriptions in all Veterans Health Administration patients (A), opioid prescriptions in patients with a gout 
diagnosis (B), opioid prescriptions in patients with a gout diagnosis and related encounter (C), and uratelowering therapy (ULT) prescriptions (D) 
from 2005 to 2014. Confidence intervals are not shown given extremely small ranges. Solid bars indicate weak opioids. Shaded bars indicate 
strong opioids. VA = Veterans Affairs.

Figure 3. Trends in gout burden by percentage of total gout 
related encounters (shaded) and gout related hospitalizations (solid) 
in the Veterans Health Administration from 2005 to 2014. VA = 
Veterans Administration.
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higher in our study than in the NHANES study (46% compared 
to ~30%), both studies show that a large proportion of patients 
with gout is not receiving ULT and that trends in ULT use are not 
increasing over time (34). When compared to results from other 
countries, our findings are consistent with prior observations from 
the UK and Sweden that estimated the prescription of ULT at 32% 
and 42%, respectively (35,36). Other studies have reported more 
variable ULT use, with one report from Taiwan (using the National 
Health Insurance Research Database) reporting a ULT prescrip
tion for 22% of gout patients, while a study from the Republic 
of Korea using the National Health Claims Database estimated 
this frequency as approaching 80% (37,38). Further research 
into the factors influencing the use of ULT as well as strategies to 
improve the rate of ULT use are needed. Two potential strategies 
for improving ULT use include initiating ULT after the first episode 
of gout and/or initiating ULT during a gout flare.

The 2016 European Alliance of Associations for Rheuma
tology (EULAR) recommendations for the management of gout 
recommend discussion and consideration of ULT at the first pres
entation rather than waiting for subsequent attacks (39). While 
there is a concern that initiating ULT during a flare could worsen 
or prolong inflammatory symptoms, 2 small single center, rand
omized, placebo controlled studies have found that this method 
neither increases the frequency of flares nor prolongs the cur
rent flare (40,41). Indeed, this approach has been conditionally 
endorsed in provisional gout management guidelines from the 
American College of Rheumatology (ACR) (42). In addition to 
these, earlier consultation with a rheumatologist or treatment led 
by other health professionals (i.e., nurse  or pharmacist led treat
ments) may also represent viable strategies to optimize ULT use 
(43,44).

In addition to improving the rate of ULT administration in gout, 
optimally managing ULT in patients with gout after initiation is crit
ical. Lack of appropriate follow up can lead to inadequate titra
tion of medications, resulting in treatment inefficacy, poor patient 
adherence, and continued flares. At least 1 medical specialty has 
suggested the alternative of a treat to avoid symptom approach 
(45), while both ACR and EULAR have endorsed a treat to target 
approach using serial serum urate measurements to guide ULT 
titration (46,47). Supporting the treat to target approach is a 
large multicenter RCT in the UK that compared nurse led treat
ment of gout following a treat to target strategy versus usual 
care. Gout patients receiving nurse led care in this study had 
higher medication adherence and achieved lower serum urate 
levels as well as lower flare rates after 2 years (43). The efficacy 
of a treat to target approach will also be informed by an ongo
ing multicenter VA study comparing the efficacy of allopurinol to 
febuxostat following a treat to target protocol (48).

With the current opioid epidemic, it is important to consider 
that uncontrolled gout may also serve as a gateway to opioid use. 
A recent study using electronic health records from the state of 
Rhode Island found that nearly 30% of patients who were treated in 
the emergency department with a primary diagnosis of gout were 
prescribed opioid therapy at discharge (5). This opioid prescription 
rate is nearly twice what is observed in emergency departments 
across all medical conditions (49). While most of the relevant stud
ies have examined opioid use for gout in the US, indirect evidence 
(derived from other arthritis populations) suggests that similar 
trends may be occurring elsewhere. For instance, a recent report 
from Australia demonstrated temporal increases in opioid use in 
the management of rheumatoid arthritis (50). However, it does 
appear that US patients, when compared to those from other 

Table 3. Health care utilization in US veteran patients with and without prevalent gout for 
the calendar year 2014*

Characteristic
Gout  

(n = 326,668)
Non- gout  

(n = 5,315,309) P
Encounters

Hospitalizations
Ever 43 28 <0.001
During calendar year 13 7 <0.001

Emergency department visit
Ever 74 61 <0.001
During calendar year 30 23 <0.001

No. of ambulatory visits <0.001
0– 2 20 30
3– 5 21 24
6– 10 21 20
≥11 38 27

Medication use
Urate- lowering therapy 53 0 <0.001
NSAIDs 22 17 <0.001
Glucocorticoids 16 8 <0.001
Colchicine 12 0 <0.001
Thiazide or loop diuretics 30 15 <0.001

* Values are the percentage unless indicated otherwise. Excludes patients developing 
incident gout during 2014. NSAIDs = nonsteroidal antiinflammatory drugs. 
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countries, are more likely to receive opioids during hospitalization 
across all conditions (51). Consistent with these reports, our study 
shows a substantial increase in the rate of opioid prescriptions 
to gout patients over the study period. This increase was largely 
reflective of similar trends in the overall VA population and was 
largely related to the increased use of weak opiates. In addition 
to the importance of ULT that can prevent flares, these findings 
emphasize the potential role of educating both patients and pro
viders on appropriate therapies for flare, namely antiinflammatory 
agents such as colchicine, nonsteroidal antiinflammatory agents, 
or glucocorticoids. Together, these approaches may help to curb 
the increasing trends of opioid use in gout.

In conclusion, we found that nearly 6% of patients receiving 
care in the VHA are affected by gout, with the highest frequencies 
observed in older men and non Hispanic black patients who expe
rience more comorbidity than their non gout counterparts. More
over, over a 10 year span from 2005 through 2014, we observed 
an increasing gout prevalence with strong associations with greater 
health care utilization. Efforts to improve the management of this 
costly chronic condition could dramatically improve patient out
comes, reduce acute health care utilization in emergency depart
ments and hospitals, and lower health care costs in the VHA.
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Long- Term Safety of Rituximab in Granulomatosis With 
Polyangiitis and in Microscopic Polyangiitis
Peter A. Merkel,1  John L. Niles,2 Lester E. Mertz,3 Patricia B. Lehane,4 Pooneh Pordeli,5 and Félix Erblang6

Objective. The present study was undertaken to conduct a phase IV, open- label, prospective study to characterize 
the long- term safety of rituximab in a 4- year observational registry of adult patients with granulomatosis with 
polyangiitis (GPA) or microscopic polyangiitis (MPA) within the US.

Methods. Patients initiating treatment with rituximab were evaluated every 6 months for up to 4 years. Outcomes 
included the incidence of serious adverse events (SAEs), infusion- related reactions (IRRs), and SAEs of specific 
interest, including serious infections, serious cardiac events, serious vascular events, and malignancies.

Results. Overall, 97 patients (72 with GPA and 25 with MPA) received rituximab through a median of 8 (range 1– 
28) infusions and were followed up for a median of 3.94 years (range 0.05– 4.32 years). The estimated incidence rates
(95% confidence interval [95% CI]) of serious infections, serious cardiac events, and serious vascular events were 
7.11 (4.55– 10.58), 5.03 (2.93– 8.06), and 2.37 (1.02– 4.67) per 100 patient- years (PYs), respectively. No IRRs or SAEs 
occurred within 24 hours of an infusion of rituximab. None of the 9 deaths reported (crude mortality rate 2.67 [95% 
CI 1.22– 5.06] per 100 PYs) were considered to be related to use of rituximab.

Conclusion. The safety profile of long- term treatment with rituximab in patients with GPA or MPA was consistent 
with that of rituximab administered for shorter durations and with rituximab’s known safety profile in other autoimmune 
diseases for which it has received regulatory approval. These findings provide clinicians with long- term, practice- level 
safety data for rituximab in the treatment of GPA or MPA.

INTRODUCTION

Granulomatosis with polyangiitis (GPA) and microscopic pol-
yangiitis (MPA) are 2 forms of systemic vasculitis that affect small 
to medium- sized blood vessels and are characterized by the 
presence of antineutrophil cytoplasmic antibodies (ANCAs). If left 
untreated, GPA and MPA can result in organ damage or death. Seri-
ous infections, cardiovascular disease, and malignancy are impor-
tant causes of morbidity and death in patients with GPA or MPA (1).

Prior to regulatory approvals in 2011 for the use of rituximab in 
combination with glucocorticoids for the treatment of patients with 

GPA or MPA, the standard- of- care treatment (since the 1970s) for 
severe disease was cyclophosphamide in combination with glu-
cocorticoids (2). Rituximab is an anti- CD20 monoclonal antibody 
that targets and depletes CD20+ B cells and is approved for the 
treatment of GPA and MPA (3– 6). Rituximab, in combination with 
glucocorticoids, is recommended by both the American College of 
Rheumatology (ACR) and the European Alliance of Associations for 
Rheumatology as an alternative to cyclophosphamide for induction 
of remission of new- onset, organ- threatening, or life- threatening 
GPA or MPA (2,7). Rituximab is also effective for the maintenance 
of remission in patients with GPA or MPA (2,8– 10).
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Given the improved survival of patients with GPA or MPA 
over the past decades (11) and the potential short-  and long- term 
toxicities associated with standard- of- care treatments (12), the 
Rituximab in ANCA- Associated Vasculitis registry (RaVeR) was 
developed to address the need for data on the long- term out-
comes of patients with GPA or MPA treated with rituximab and 
other immunosuppressive therapies in routine clinical practice. The 
primary objective of this study was to characterize the long- term 
safety of rituximab, including repeated administrations, in the treat-
ment of GPA or MPA in a real- world setting (observational cohort).

PATIENTS AND METHODS

Study design and patients. RaVeR was a phase IV, multi-
center, prospective, observational study to characterize the long- 
term safety of rituximab in patients with GPA or MPA (ClinicalTrials.
gov identifier NCT01613599). The study was a post- marketing 
requirement requested by the US Food and Drug Administration 
(FDA). Patients were recruited from June 2012 to July 2015 from 
15 centers in the US. Inclusion criteria for this study were the fol-
lowing: age ≥18 years, diagnosis of GPA or MPA consis tent with 
the Chapel Hill Consensus Conference definitions for MPA or the 
ACR 1990 criteria for the classification of GPA (13,14), and dis-
ease severity requiring treatment with rituximab per the investi-
gators’ assessment. Only patients receiving rituximab for the first 
time (or who started during screening) were eligible for enrollment 
in the registry. Exclusion criteria included hypersensitivity to any 
component of humanized or murine monoclonal antibody or diag-
nosis of eosinophilic granulomatosis with polyangiitis. There was 
no protocol- mandated dose or regimen for the treatment with 
rituximab. The specific rituximab regimen administered was either 
the FDA- approved dose of 375 mg/m2 once weekly for 4 weeks 
in combination with glucocorticoids or any modification by the 
treating physician. After induction of remission, patients could be 
retreated with rituximab and/or administered other treatments for 
the management of GPA or MPA, per the physician’s discretion. 
Although prophylaxis to prevent Pneumocystis jirovecii infection is 

recommended for patients with GPA and MPA during treatment 
with rituximab, this was not mandated in the protocol.

This study was approved by the institutional review boards 
and independent ethics committees of the investigational centers. 
All patients provided written informed consent in accordance with 
the Declaration of Helsinki. See Appendix A for a list of colleagues 
and investigators who contributed to this study.

Assessments. Protocol- specified assessments were com-
pleted at screening, at baseline, and at follow- up visits every 
6 months (±45 days). Follow- up was up to 4 years or until death, 
study withdrawal, or loss to follow- up. Safety assessments 
included adverse events (AEs) and severe flares of GPA or MPA. 
The primary outcome was the incidence of serious infections, 
defined as infections that were serious AEs (SAEs), or nonseri-
ous infections that were treated with intravenous antimicrobials. 
Secondary outcomes were the proportion of patients experienc-
ing SAEs, including infusion- related reactions, the incidence rate 
(IR) of SAEs of specific interest (serious infections, serious cardiac 
events, serious vascular events, and malignancies [excluding non-
melanoma skin cancer]), deaths, causes of death, pregnancies, 
and severe flares, defined as worsening of GPA or MPA as evi-
denced by ≥1 new or worsening abnormality over the preceding 
28 days and/or disease activity prompting treatment with high- 
dose glucocorticoids, rituximab, and/or cyclophosphamide (15). 
The Vasculitis Damage Index (VDI) (16) score was recorded for 
patients at baseline and every 6 months that they remained under 
observation.

Statistical analysis. Descriptive statistics were used to 
characterize baseline characteristics and treatment during the 
study period. The IR and percentage of patients with each type of 
safety event were estimated with 95% confidence intervals (95% 
CIs) under the assumption that the number of events followed a 
Poisson distribution and that distribution of the log- transformed 
event rate could be approximated by a normal distribution with a 
sufficiently large sample size. IRs of outcomes expressed as events 
per 100 patient- years (PYs) were calculated as the total number of 
events that occurred during the study period divided by the sum of 
PY follow- up in the safety- evaluable population. All data collected 
prior to patient discontinuation were included in the analysis.

RESULTS

Patient disposition and baseline characteristics. Of 
100 patients enrolled, 97 received rituximab and were included in 
the long- term safety population (Figure 1); 3 patients were excluded 
because of unverifiable data. The mean ± SD age was 56.3 ± 16.5 
years, and the majority of patients were female (58.8%) and White 
(90.7%) (Table 1). Overall, 72 patients (74.2%) had GPA, and 25 
(25.8%) had MPA, with a mean and median disease duration of 
3.5 and 0.44 years, respectively (range 0– 29.7 years). In total, 71 

SIGNIFICANCE & INNOVATIONS
• This study reports long- term safety data following treat-

ment with rituximab in 97 patients with granulomato-
sis with polyangiitis (GPA) or microscopic polyangiitis 
(MPA) in a prospective observational manner outside 
of a controlled clinical trial and in a real- world setting.

• In patients with GPA or MPA, long- term treatment 
with the anti- CD20 antibody rituximab was consis-
tent with that of rituximab administered for shorter 
durations and with rituximab’s known safety profile in 
other autoimmune diseases for which it is approved.

• The findings in this study provide clinicians with 
long- term, practice- level safety data for rituximab 
in the treatment of GPA or MPA.
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patients (73.2%) received additional courses of rituximab for main-
tenance of remission (follow- up) after the initial course of treatment 
to induce remission and were included in the repeat treatment 
population. Most patients who discontinued participation in the 
study did so for non- safety reasons, including study withdrawal by 
patient (8 [8.2%]), loss to follow- up (5 [5.2%]), and other (3 [3.1%]).

For the 60 patients with VDI scores at baseline, the median 
score was 2.0 with a range from 0 to 14. Seventeen patients 
(17.5%) had a prior history of plasmapheresis and/or dialysis, and 
19 (19.6%) were receiving concomitant cyclophosphamide on 
day 1 of study treatment.

Exposure to rituximab. The median duration on study 
was 3.94 years (range 0.05– 4.32 years), and 79 patients (81.4%) 
were followed up for ≥3 years. Patients received a median of 8 
(range 1– 28) infusions of rituximab, for a total of 337.66 PYs of 
exposure. During the study, 38.2% of patients received ≥10 infu-
sions of rituximab, and 3.1% received just 1 infusion (see Sup-
plementary Figure 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24332/ 
abstract). The median total cumulative dose of rituximab was 
7,336 mg (range 844– 19,725 mg).

Safety. AEs. A total of 194 AEs were reported in 61 
patients (62.9%) during the study. The most common AEs 
reported were infections (53 events in 24 patients [24.7%]), 
primarily pneumonia, which occurred in 6 patients (6.2%) 
(Table 2). No cases of reactivation of hepatitis B were reported. 
One opportunistic infection, cryptococcal pneumonia, was 
reported as a nonserious AE; the dose of rituximab was not 
reduced, no treatment for the infection was reported, and the 

patient recovered. No cases of pneumocystis pneumonia, 
progressive multifocal leukoencephalopathy, or other opportu-
nistic infections were reported. No pregnancies were reported 
during the study.

Nineteen patients (19.6%) had 23 AEs that were consid-
ered by the treating physician to be related to study treatment. 
The most common treatment- related AEs were respiratory, tho-
racic, and mediastinal disorders (7 events in 7 patients [7.2%]: 
throat irritation, dyspnea at rest in 1 patient, and throat tightening 
in 1 patient) and infections (6 events in 6 patients [6.2%]) and are 
consistent with the known side effects of rituximab.

Fourteen AEs in 11 patients (11.3%) led to dose modification 
or interruption of rituximab. Three of these AEs were serious and 
resulted in dose modification; all patients recovered. The majority 
of the events that led to modification of the dose or interruption of 
rituximab were reported in the system organ class of respiratory, 
thoracic, and mediastinal disorders (8 events in 8 patients [8.2%]). Figure 1. Study patient disposition. RaVeR = Rituximab in ANCA- 

Associated Vasculitis registry; * = 3 patients from an unresponsive 
study site were excluded because the data could not be verified; 
† = 3 patients had unspecified reasons for discontinuation. Table 1. Patient demographic and baseline characteristics*

Characteristic
Safety population  

(n = 97)
Age, mean ± SD years 56.3 ± 16.5
Female sex 57 (58.8)
Race

White 88 (90.7)
Black 5 (5.2)
Asian 2 (2.1)
Other 2 (2.1)

Ethnicity
Hispanic/Latino 7 (7.2)
Not Hispanic/Latino 89 (91.8)
Unstated 1 (1.0)

GPA 72 (74.2)
MPA 25 (25.8)
Disease duration, median (range) 

years
0.44 (0– 29.7)

ANCA antigen type (n = 87)
Myeloperoxidase 36 (41.4)
Proteinase 3 50 (57.5)
Other 1 (1.1)

Baseline VDI score, median 
(range)

2.0 (0– 14)

Baseline no. of severe flares 
(n = 74)†

1 71 (95.9)
2 3 (4.1)

Concomitant treatment at 
baseline

Dialysis 5 (5.2)
Plasmapheresis 6 (6.2)
Cyclophosphamide 19 (19.6)

Previous treatment for GPA or MPA
Dialysis 7 (7.2)
Plasmapheresis 11 (11.3)

* Values are the number (%) unless indicated otherwise. ANCA = 
antineutrophil cytoplasmic autoantibody; GPA = granulomatosis with 
polyangiitis; MPA = microscopic polyangiitis; VDI = Vasculitis Damage 
Index. 
† Defined as worsening disease as evidenced by ≥1 new or worsening 
abnormality over the preceding 28 days (ref. 15) possibly up to 4 
weeks prior to baseline. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24332/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24332/abstract
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The only event that led to dose modification or interruption in >1 
patient was throat irritation (4 patients [4.1%]).

SAEs. The IRs of overall SAEs in the total safety population 
and the population of patients who received repeat rituximab 
treatment are shown in Figure 2. Overall, a total of 94 SAEs were 
observed in 38 patients (39.2%) during the study, with an IR of 
27.8 per 100 PYs (95% CI 22.5– 34.1). Among the 71 patients 
who received repeat treatment with rituximab, a total of 63 SAEs 
were reported, with an IR of 23.9 per 100 PYs (95% CI 18.4– 
30.6). The rate of SAEs was not increased among patients who 
received 6– 10 or >10 infusions of rituximab (see Supplementary 
Figure 2, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24332/ abstract). 
The most frequently occurring SAEs were atrial fibrillation and 
deep vein thrombosis (5 patients each [5.2%]); other SAEs in-
cluded atrial flutter, chest pain, gastroenteritis, herpes zoster, 
hemoptysis, hypoxia, influenza, laryngeal stenosis, pneumonia, 
staphylococcal bacteremia, and urinary tract infection (2 patients 
each [2.1%]) (Table 3). None of the SAEs occurred during or 
within 24 hours of an infusion of rituximab.

Twenty- four serious infections were reported in 14 patients 
(14.4%), with an IR of 7.11 per 100 PYs (95% CI 4.55– 10.58) 
(Figure 3). One patient died from a serious infection (septic shock). 
This event was considered by the treating physician to be unre-
lated to treatment with rituximab. In the 71 patients who received 
repeat treatment with rituximab, 16 serious infections were 
reported, with an IR of 6.07 per 100 PYs (95% CI 3.47– 9.86).

A total of 17 serious cardiac events occurred in 10 patients 
(10.3%), with an IR of 5.03 per 100 PYs (95% CI 2.93– 8.06) 
(Figure 3). The majority of cardiac events were arrhythmias, 
occurring in 7 of 10 patients: atrial fibrillation in 5 patients (5.2%), 
atrial flutter in 2 (2.1%), and atrial tachycardia and supraventricu-
lar tachycardia in 1 each (1.0%). With the exception of 1 SAE 
of supraventricular tachycardia, which occurred in a patient with 
a medical history of mitral regurgitation and unspecified cardio-
vascular events, the serious cardiac events were not considered 
by the investigator to be related to study treatment, nor did they 
occur during or within 24 hours of infusion of the rituximab. All 
but 1 of the patients who experienced cardiovascular AEs had 
significant risk factors for cardiovascular disease, such as prior 

cardiovascular events, renal disorders, obesity, hypertension, 
tobacco use, or concomitant use of medications known to 
induce cardiovascular events (such as cyclophosphamide and 
prednisone).

Eight serious vascular events were reported in 6 patients 
(6.2%), with an IR of 2.37 per 100 PYs (95% CI 1.02– 4.67) 
(Figure 3): deep vein thrombosis in 5 patients [5.2%]), followed 
by 1 event each of hematoma and orthostatic hypotension 
(1.0%). All of the vascular SAEs resolved, except in 1 patient 
who had 2 events of deep vein thrombosis. The patient recov-
ered from the first event; the second event (grade 3) occurred 
along with staphylococcal bacteremia and was ongoing when 
the patient died due to septic shock. This event was considered 
by the investigator to be unrelated to study treatment. Most of 
the vascular SAEs resolved, and no patients withdrew from the 
study or had dose decreases or interruptions due to vascular 
SAEs.

Three patients (3.1%) experienced 3 malignancies (adeno-
carcinoma, lung adenocarcinoma, and intraductal proliferative 
breast lesion), with an IR of 0.89 per 100 PYs (95% CI 0.18– 2.60) 
(Figure 3). None of these events were considered by the treating 
physician to be related to study treatment.

A post hoc subgroup analysis revealed that 21 patients 
(21.6%) received concomitant cyclophosphamide during the 
study. Of these 21 patients, 7 (33.3%) experienced a total of 15 
SAEs, with an IR of 17.82 per 100 PYs (95% CI 9.97– 29.39). Of 
the 76 patients (78.4%) who did not receive cyclophosphamide 
during the study, 31 patients (40.8%) experienced a total of 79 
SAEs, with an IR of 31.17 per 100 PYs (95% CI 24.67– 38.84). 
Low patient numbers in the cyclophosphamide group and over-
lapping confidence intervals should be taken into consideration 
when interpreting these data.

Table 2. Adverse events reported in ≥3 patients*

Adverse event
Patients with ≥1 
adverse event

Pneumonia 6 (6.2)
Atrial fibrillation 5 (5.2)
Deep vein thrombosis 5 (5.2)
Throat irritation 5 (5.2)
Urinary tract infection 4 (4.1)
Death, cause not specified 4 (4.1)
Hemoptysis 3 (3.1)
Hypoxia 3 (3.1)
Influenza 3 (3.1)

* Values are the number (%). 

Figure 2. Overall incidence rates of serious adverse events among 
patients in the study.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24332/abstract
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Deaths. Nine patients (9.3%) died during the study, for a 
crude mortality rate of 2.67 per 100 PYs (95% CI 1.22– 5.06). 
One patient each died from interstitial lung disease, congestive 
cardiac failure, lung adenocarcinoma, cardio- respiratory arrest, 
and septic shock; 4 patients died from unknown causes. None 
of the deaths were considered by the treating physician to be 
related to rituximab.

Severe disease flares. During the study, a total of 15 severe 
flares of GPA or MPA were reported, with an IR of 4.44 per 100 
PYs (95% CI 2.49– 7.33). The median VDI score ranged from 2.0 
to 3.0 over the course of the study.

DISCUSSION

This study reports long- term safety data following treatment 
with rituximab in 97 patients with GPA or MPA in a prospective 
observational manner outside of a controlled clinical trial and in a 
real- world setting. The primary safety outcome in this analysis was 
the incidence of serious infections, an identified risk with rituximab 
(9). Overall, 14.4% of patients experienced a serious infection, with 

an IR of 7.11 per 100 PYs. No patients withdrew from the study 
or had dose modifications due to infections, suggesting that, in 
general, such infections were medically manageable and resolved 
with standard treatment. These results are consistent with those 
in patients with GPA or MPA treated with 1 course (≤1 month) of 
rituximab for induction of remission of vasculitis (3). Despite the 
difference in indication, these data are also consistent with results 
from the Sunstone registry (IR of 7.6 per 100 PYs), in which 989 
patients with moderate- to- severe rheumatoid arthritis (RA) were 
followed up for up to 5 years (total of 3,844 PYs) in a real- world 
setting (17). The incidence of serious infections in the current analy-
sis did not increase over time or with an increasing number of infu-
sions of rituximab, suggesting that long- term, repeated treatment 
does not increase the risk of serious infections.

The prevalence of concurrent serious cardiac disorders in 
patients with vasculitis is highly variable and has been reported 
to range between 3.3% and 24% (18,19). In the current study, 
10 patients (10.3%) had serious cardiac events (5.03 per 100 
PYs); most of these were arrhythmias, which are currently charac-
terized in the existing label for rituximab (9). All but 1 of the patients 
who experienced cardiovascular AEs had significant risk factors 
for cardiac events. With the exception of 1 event of supraventricu-
lar tachycardia reported in a patient with a history of cardiovas-
cular events, no serious cardiac events were considered by the 
treating physician to be related to study treatment.

Patients with GPA or MPA have an increased risk of throm-
boembolic events (20,21). In this study, 6 patients (6.2%) devel-
oped serious vascular disorders, with an overall IR of 2.37 per 
100 PYs. This rate is comparable to that in published reports 
of the occurrence of venous thrombotic events in patients with 
GPA or MPA receiving short- term rituximab (6.1%) or cyclophos-
phamide (9.2%) (3). Most of the thromboembolic events in the 
RaVeR study resolved, and no patients withdrew from the study 
or required dose modification of rituximab due to serious vascular 
disorders, suggesting that, in general, such events were medi-
cally manageable.

Table 3. Serious adverse events reported in ≥2 patients*

Serious adverse event
Patients with ≥1  

serious adverse event
Atrial fibrillation 5 (5.2)
Deep vein thrombosis 5 (5.2)
Death 4 (4.1)
Atrial flutter 2 (2.1)
Chest pain 2 (2.1)
Gastroenteritis 2 (2.1)
Hemoptysis 2 (2.1)
Herpes zoster 2 (2.1)
Hypoxia 2 (2.1)
Influenza 2 (2.1)
Laryngeal stenosis 2 (2.1)
Pneumonia 2 (2.1)
Staphylococcal bacteremia 2 (2.1)
Urinary tract infection 2 (2.1)

* Values are the number (%). 

Figure 3. Incidence rates of specific serious adverse events (SAEs).
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Patients with GPA or MPA may also be at an increased risk 
of de novo cancers compared with the general population (22). Of 
the 3 malignancy events (3.1%; 0.89 per 100 PYs) reported in this 
study, none were considered by the investigators to be related to 
study treatment. The prevalence of malignancy has similarly been 
observed in 2% to 6% of patients with GPA or MPA in clinical trials 
investigating the safety of short- term rituximab (3– 5). In patients 
with RA receiving long- term treatment with rituximab as part of 
the RA clinical trial program and the Sunstone RA registry, the 
reported IRs of malignancy were 0.7422 and 0.44 per 100 PYs 
(17), respectively, although it should be noted that the recom-
mended dosage and dosing frequency of rituximab for RA differs 
from that recommended for GPA or MPA.

SAEs were reported in 39.2% of patients, with an overall IR 
of 27.84 per 100 PYs. The distribution and type of SAEs were 
consistent with the known safety profile of rituximab in GPA and 
MPA and in other autoimmune indications. The incidence of SAEs 
among patients who had received repeat treatment was slightly 
lower (23.90 per 100 PYs), suggesting that additional infusions 
of rituximab and increasing exposure to rituximab over time were 
not associated with an increased risk of SAEs. These data are 
also consistent with the rate of SAEs over 18 months reported in 
patients with ANCA- associated vasculitis who were treated with 
rituximab for induction of remission (42%) in a controlled clinical 
trial (5). However, the proportion of patients with SAEs in the cur-
rent study was numerically higher than that observed in patients 
with RA in the Sunstone registry (29.7%) (17). Because the major-
ity of SAEs in RaVeR were single events, the rate of SAEs is likely 
not the result of SAEs of a particular type or pattern.

This study has some limitations to consider. This study 
excluded patients <18 years old; therefore, these results are not 
generalizable to children with GPA or MPA. Given the observational 
and open- label nature of RaVeR, the rituximab dose and regimen 
were administered at the treating physicians’ discretion, leading to 
inevitable variability in dose, intervals, frequency, and duration of 
treatment. In addition, concomitant medications were managed 
without restriction by the treating physicians. It is possible that 
AEs may have resulted from the use of concomitant medications, 
but causality is difficult to determine due to the absence of a com-
parator arm. AEs may have also resulted from underlying GPA or 
MPA or other preexisting concurrent medical conditions because 
patients with preexisting conditions were not excluded from the 
study in order to reflect a real- world setting more accurately. Finally, 
data on immunoglobulin levels were not collected, preventing the 
assessment of hypogammaglobulinemia in this population.

In this study, no new safety concerns were identified for the 
use of rituximab to treat GPA or MPA. The safety profile of long- 
term (up to 4 years) follow- up treatment with rituximab in patients 
with GPA or MPA was consistent with the known overall safety 
profile of rituximab in patients with GPA or MPA treated for shorter 
periods. Safety data were also consistent with the known safety 
profile of rituximab in other autoimmune diseases in which it is 

approved for use (23). These findings provide clinicians with long- 
term, practice- level safety data for rituximab in the treatment of 
GPA or MPA.
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