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EDITORIAL

We All Agree: Nobody Likes Maintenance of Certification

David R. Karp

Rheumatologists love a debate. A “Great Debate” has
become one of the highlights of the American College of Rheuma-
tology’s Annual Scientific Meeting. Our consultations often include
lengthy differential diagnoses so that even the rarest of rheumato-
logical conditions is not missed. Our treatment guidelines discuss
the pros and cons of multiple therapies so that we can choose the
best option for the individual patient. However, there seems to be
one issue upon which rheumatologists are in agreement — their
unhappiness with the current process of Maintenance of Certifi-
cation (MOC) required by the American Board of Internal Medicine
(ABIM). In this issue of Arthritis Care & Research, Sawalha and
Coit present the data from their survey of US rheumatologists on
the topic of MOC (1). Not surprisingly, the overwhelming opinion
is negative.

The ABIM began certifying physicians in the specialty of rheu-
matology in 1971. Certification was voluntary, life-long, and based
solely on training and achieving a passing score on a secure
examination. For diplomates certified in 1990 and beyond, the ini-
tial certification became limited to 10 years. To maintain certifica-
tion, an additional high-stakes, secure examination was required.
Additional requirements were added by the ABIM so that by 2014,
maintaining certification required the physician to continuously
earn MOC “points” by completing medical knowledge assess-
ments that were separate from the certifying examination, as well
as earning points from quality improvement projects incorporat-
ing a Practice Assessment, Patient Voice, and Patient Safety (2).
Backlash against these new MOC requirements was extensive,
and came from both the medical community (3-5) and lay press
(6). Concerns were raised about the amount of time it took to
meet all the MOC requirements, requiring time away from patients
and academic activities, as well as family. The costs of obtain-
ing MOC points and preparing for the examination, as well as the
costs of the examination itself were felt to be excessive (7), and
potentially financially enriching the ABIM. Perhaps most important
was the criticism that maintenance of certification, in any form,
has not been shown to result in measurable improvement in phy-

The opinions and assertions contained herein are those of the author
and do not necessarily represent those of the American College of
Rheumatology or its Board of Directors.

Dr. Karp is a former member of the American College of Rheumatology
Board of Directors, and the American College of Rheumatology Executive
Committee.

sician performance in terms of patient outcome, patient satisfac-
tion, or cost of care (8,9). In response to these criticisms, the ABIM
issued a public apology, and temporarily suspended the quality
improvement portion of MOC (10).

Sawalha and Coit have undertaken an analysis of rheumatol-
ogists’ perceptions of MOC in an effort to provide a quantitative
and qualitative assessment of how MOC affects the day-to-day
work of these physicians. An electronic survey was sent by e-mail
invitation to 3,107 US rheumatologists. The survey consisted of
19 single/multiple choice or ranking questions and one open-
ended comment question. A total of 515 (16.6%) of the invitees
responded. Nearly equal percentages of respondents were in aca-
demic practice work settings and community practice, 40% were
female, and 88.3% of the respondents were between the ages of
40 and 69 years. Overall, respondents had negative impressions
of MOC. Three of 4 believed that MOC added no significant value
over continuing medical education (CME) and nearly two-thirds
of the respondents expressed the opinion that rheumatology
certification should be life-long. More than 60% of respondents
had negative impressions about the value of MOC in improving
patient care. The opinions of rheumatologists were most unified
concerning their opinions on the negative effects of the current
MOC program. Approximately 70% of the rheumatologists agreed
with the idea that MOC resulted in time away from patient care,
time away from family, and personal psychological stress. Nearly
90% agreed that MOC imposed an unfair financial burden without
proven benefit, and more than 60% of respondents also agreed
with the idea that MOC contributes to physician burnout, early
retirement from practice, and ultimately, a reduction in the number
of practicing US rheumatologists.

There are several limitations in the study by Sawalha and
Coit. The authors invited ~3,100 rheumatologists to participate.
This is slightly more than half of the practicing adult and pediatric
rheumatologists in the US. The survey response rate, while low, is
in keeping with the rate of most external surveys; however, there
is no discussion of whether the characteristics of the respondents
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reflect the demographics, geographic distribution, MOC participa-
tion, or practice setting of rheumatologists overall. Importantly, the
survey did not appear to include rheumatology fellows-in-training.
This group of physicians will participate in MOC for the longest
time and their opinions should be solicited. The survey asked
questions about current/past certification and MOC participation,
but those responses were not reported and we do not know if
they correlated with answers to other questions. Although neg-
ative opinions about MOC were expressed by an overwhelming
majority of respondents, there are some minority opinions worth
mentioning. Approximately one-third of respondents felt MOC
was “somewhat valuable” or “very valuable” for improving patient
care and more than one-fifth of respondents felt that MOC actually
achieved that goal. Increased patient confidence and reassurance
were also mentioned by approximately 15% of respondents. As
we go forward, these positive opinions and goals should be some
of the tenets of MOC because they reflect physicians’ desire to
provide better patient care.

Three-quarters of the respondents thought that the state leg-
islatures should pass laws that prevent the use of MOC participa-
tion as a requirement for employment, hospital privileges, or insur-
ance contracts. In fact, legislative bills doing just that have been
considered in the majority of states, and have been passed in a
handful, including Texas (11). Opinions vary on the impact of this
legislation, because the interested parties have other criteria they
can use to allow or limit physician participation or judge quality. Dr.
David Johnson, former Chair of the ABIM Board (and in the interest
of disclosure, Department Chair at my institution) points out the
risk of such laws (12). Medicine has always enjoyed the privilege
of self-regulation. Physicians set the standards for entry into the
profession and continued practice. Once we begin to give authority
to others (e.g., state governments) to decide how the profession of
medicine is regulated, we lose some of that autonomy. The counter
argument put forth by physicians who are against all forms of MOC
is that the ABIM has already usurped that autonomy, a feeling ech-
oed by the numerous anti-MOC websites and threats of anti-trust
lawsuits against the ABIM (13). A recent entrant into the MOC argu-
ment is the Anti-Trust Division of the US Department of Justice. In
an opinion letter by this agency written to support an anti-MOC bill
in the Maryland legislature (14), it was stated that although MOC
laws would diminish the autonomy of medicine’s self-regulation
(e.g., through hospital privileges), the American Board of Medical
Specialists (ABMS) did have an effective anti-competitive monop-
oly on certification. The agency stated that having more certify-
ing organizations would result in a process that was easier and
cheaper, and physicians “may pass along some of that extra time
and lower costs in the form of savings or extra care for consum-
ers.” I'm not sure that these legal and legislative efforts will have
that particular effect, but their existence underscores the passion-
ate dislike of the process across a wide spectrum of physicians.

If rheumatologists are unified in their dislike of the current
MOC program, what should they do to improve their knowledge,

medical care, and patient outcomes? In the results of the sur-
vey by Sawalha and Coit (1), approximately 65% of respondents
believed that MOC helped them stay current with new knowledge
in rheumatology, the same percentage who believe MOC is redun-
dant with CME activities. | think this says rheumatologists favor
lifelong learning, but in a format that they can control and with a
focus on education. Many of the concerns about MOC center on
the choices (and costs) of obtaining medical knowledge points,
and on the format of the secure examination. Nearly every physi-
cian, trainee, and student | know carries a device in their pocket
that can store and immediately access more medical information
than most of us will ever know. The idea that physicians must
remember enough of that information to pass an 8-hour (or even
3-hour) examination seems foreign in a time when medical school
lectures have been replaced by team-based learning exercises
and hospital rounds are less about quizzing learners’ memory
and more about using information to support diagnoses and plan
personalized, high-value care. Pedagogy, or instructor-controlled
learning, is “out” and andragogy, or learner-controlled education
is “in.” Heutagogy, an extension of andragogy is now making its
way into life-long learning strategies. In heutagogy, the learner not
only directs their education, but also determines what should be
learned, the method of learning, and reflects on how that learning
has influenced their actions and beliefs (15). In this context, phy-
sicians would not only extend their competency to diagnose and
treat, but also their capability to apply that knowledge through
communication, teamwork, and creative problem solving. This
method is well-suited to distance learning, mobile technologies,
and even use of social media. In practical terms, each physician
would maintain certification through a program of actions and
assessments of their own design, choosing those that best reflect
their knowledge gaps and practice needs. MOC activities, which
could include specific CME, would meet a standard but would
not be prescribed as “one size fits all.”

Where do we go from here? This study is not the only one to
assess physician or even rheumatologist opinion. Last summer,
the American College of Rheumatology (ACR) conducted an in-
depth survey of its members, including fellows-in-training. More
than 1,800 people responded. The key results of the survey were
presented at the ACR 2018 Annual Scientific Meeting by Dr. Carol
Langford. Those results also demonstrated widespread dissatis-
faction with MOC. Based on member concerns, the ACR is inves-
tigating other options for rheumatology certification beyond the
ABIM. In an effort to address the issue of MOC for all physicians,
the ABMS, the overarching certification organization in the US,
has convened the Vision Initiative, a commission that has begun
to study MOC and will provide recommendations to the ABIM and
the other constituent boards in February 2019. The commission
has recently published the results of its own stakeholder survey
in which 36,392 people responded (including 34,616 physicians,
1,373 non-physician providers, and 403 members of the general
public) (16). The findings of the Vision Initiative survey were sim-
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ilar to those of Sawalha and Coit: only 12% of physicians value
MOC, 41% do not value it at all, and 46% have mixed feelings. At
least for now a “wait and see” attitude seems best until the Vision
Initiative commission provides its full report. Although possible, it
seems unlikely that they will ignore the concerns of the majority
of physicians. | would hope that the ABMS support a change
in MOC that allows physicians to use high-quality, self-designed
professional development to demonstrate ongoing improvement
in the capability to provide medical care. Until then, |, like many
others, will continue to get my MOC points. They won't be cheap,
they won'’t be easy, but | hope that I'll learn something.
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Diagnosing Fibromyalgia as a Disease, an lliness, a State, or

a Trait?

Don L. Goldenberg

In this issue of Arthritis Care & Research, Wolfe and col-
leagues report that there were considerable disparities between
rheumatologists’ clinical diagnosis of fibromyalgia and a criteria-
based diagnosis; in their study, Wolfe et al used a modification of
the 2010 American College of Rheumatology (ACR) preliminary
diagnostic criteria (1). Is this surprising? Based on their findings,
do we need to further modify the fibromyalgia classification criteria
or better educate our rheumatology trainees and staff? How do
we apply diagnostic criteria to clinical practice?

Since fibromyalgia became the generally accepted label for
chronic, widespread musculoskeletal pain in 1981, rheumatolo-
gists have often expressed doubt regarding its pathophysiology,
diagnostic utility, and therapy. In order to provide diagnostic clarity
and consensus, the ACR endorsed initial criteria for the classifica-
tion of fioromyalgia in 1990 (2). After 20 years of utilization of these
1990 criteria in rheumatology practice and research, the criteria
were modified in 2010 (3) and again in 2011 (4). It is therefore
timely to review the evolution of these sets of fibromyalgia criteria.

Classification criteria for the diagnosis of fioromyalgia, as well
as for common ilinesses such as depression, tension-type head-
aches, and irritable bowel syndrome, are established by a panel
of experts, then field-tested in previously diagnosed patients and
in healthy controls or in patients with illnesses that have similar
characteristics. Until biomarkers or genetic testing provides more
objective disease markers, these common conditions will con-
tinue to be symptom-based diagnoses. As such, they are often
considered to be “soft” diagnoses.

Our panel of experts recommended various signs and symp-
toms for the 1990 fibromyalgia criteria, which were then tested
in 300 patients with a previous diagnosis of fibromyalgia and
in control patients with rheumatic disorders that could be con-
fused with fioromyalgia (2). The combination of widespread pain
and mild or greater tenderness in >11 of 18 tender point sites
provided good sensitivity and specificity and were selected by
consensus as the 1990 classification criteria. Implied, although
not formally part of the criteria, fibromyalgia was to be consid-
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ered only in individuals whose symptoms could not be explained
by another rheumatic or medical disorder. It was reassuring that
fioromyalgia did not differ in those patients with a concurrent
rheumatic disease, such as rheumatoid arthritis (RA), thereby
abandoning the term secondary fibromyalgia.

After 20 years of use of these criteria in clinical practice and
research, the fibromyalgia criteria were modified in 2010 (3). It
was apparent that the tender point examination was difficult to
standardize and not widely practiced, especially in primary care.
The focus on specific tender point locations implied peripheral
tissue pathology, whereas it had become clear that fibromyalgia
was a manifestation of central pain sensitization. These 2010
criteria emphasize symptoms, such as fatigue and sleep distur-
bances, and measure symptom severity over time, recognizing
the changing nature of those symptoms. These 2010 criteria
were slightly modified in 2011, eliminating the physician’s esti-
mate of the extent of somatic symptoms and substituting patient
self-reported symptoms, thereby eliminating the need for physi-
cian involvement in diagnosis (4).

The so-called “gold standard” in each of these criteria sets,
as well as those used for depression, headaches, and other
common illness, is expert opinion. In evaluating the sensitivity
and specificity of the 2010 criteria, the gold standard was the
1990 criteria. It was explicitly stated that these 2010 criteria were
“not meant to replace the ACR classification criteria” (3). We also
stated that the 2011 criteria modification were for epidemiologic
and clinical studies and “not to be used for self-diagnosis” (4).

However, Wolfe and colleagues chose these 2011 self-report
fioromyalgia criteria as their gold standard for a fioromyalgia diag-
nosis, despite voicing concern regarding the “self-report nature
of fiboromyalgia” (1). Their finding of a significant discrepancy
between these 2011 criteria-based diagnoses and a physician-
based diagnosis of fibromyalgia should not be surprising. Jones
et al reported that the prevalence of fibromyalgia was significantly
higher when using these 2011 criteria compared to the 1990 or
2010 criteria (5). Vincent and colleagues found that 1% of the gen-
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eral population in Olmsted County, Minnesota, had a diagnosis of
fibromyalgia documented in the medical record by a health care
provider, but 6% met the 2011 modified fioromyalgia criteria (6).

A number of problems arise when using the 2011 criteria
for the diagnosis of fibromyalgia. Patients are more likely to
report symptoms, and the physician-completed versus patient-
completed symptom severity scales correlated poorly in the study
by Jones et al (5). In the 2010 criteria, it was stated explicitly, rather
than implied, that “The patient does not have a disorder that would
otherwise explain the pain” (3). The 2011 modification requires
that the patient have the medical expertise to answer that query.

Could we get better agreement with a physician-based diag-
nosis of fioromyalgia if we used different classification criteria? Dean
et al observed no difference in the association of pain with other
core features of fioromyalgia, regardless of whether chronic, wide-
spread pain, or multisite pain definitions were used (7). The Amer-
ican Pain Society has recommended a new taxonomy for chronic
pain disorders incorporating 5 dimensions: 1) core diagnostic cri-
teria, 2) common features, 3) common medical co-morbidities, 4)
neurobiologic, psychosocial, and functional consequences, and 5)
potential ilness mechanisms, risk factors, and protective factors,
and this classification system has been applied to fibromyalgia (8).

[t also should be noted that the 1990, 2010, and 2011 cri-
teria were designated as classification criteria, not diagnostic cri-
teria. Classification criteria are designed to provide uniformity to
clinical trials and epidemiologic studies. They are not intended for
patient diagnosis, which is the responsibility of the evaluating phy-
sician. The sensitivity and specificity of any classification criteria,
whether for RA, systemic lupus erythematosus, or fibromyalgia,
are measured by their agreement with expert opinion.

Wolfe et al maintained the notion that the diagnosis of fibro-
myalgia is on a continuum, rather than dichotomous, and coined
the term fibromyalgianess to express the trait(s) of fibromyalgia.
Indeed, fibromyalgia belongs on the spectrum of chronic wide-
spread pain, which, using the 1990 ACR definition, is present in
10-15% of the general population (Figure 1) (9,10). Fibromyalgia
falls on the extreme end of that pain severity and chronicity scale.
Depending on classification criteria, its prevalence range is 1-5%.

Every symptom-based medical condition is defined by symp-
tom severity. Chronic widespread pain is no different from head-
aches or depression. At the extremes of chronicity and severity,
symptoms can morph from illness to a diagnosable disease, and
the trait become a state, a defined illness with potentially serious
consequences (Figure 1). Furthermore, as symptoms wax and
wane, the state of fibromyalgia may come and go. Wolfe and his
colleagues are concerned with overdiagnosis of filbromyalgia symp-
toms as a disease, defined as a disorder of structure or function.
They worry that, promoted by patient-targeted pharmaceutical
advertising, this results in medicalization of common symptoms.
Other investigators maintain that symptom-based conditions,
such as depression or chronic pain, should be recognized as a
disease, which results in better awareness and management.

Fibromyalgia

FM, based on 1990 or
2010 criteria

FM, based on
2011 modified
criteria

* Estimates from refs 1-6, 9, 10

Figure 1. Prevalence of fioromyalgia (FM) and chronic widespread
pain (CWP) in general population studies.

Wolfe et al conclude that expert physicians often misdiag-
nose fibromyalgia (1). This conclusion implies that published cri-
teria are superior to expert clinical judgment for individual patient
diagnosis. This notion fails to account for the multiple variables in
the clinical encounter, not the least of which is time spent in eval-
uating and categorizing each patient’s multiple symptoms. Only
the health care provider can perform the physical examination and
interpret psychosocial factors and co-morbid iliness that clarify a
diagnosis. We may incorporate classification criteria in our elec-
tronic health care records, but classification criteria never replace
clinical acumen.

It is true that primary care physicians often are not comfort-
able making the diagnosis of filoromyalgia. It does not necessarily
follow that their comfort level would improve if they had better
knowledge of the fibromyalgia criteria. It is the responsibility of the
rheumatology community to better educate our primary care col-
leagues regarding diagnosis and differential diagnosis. Rheuma-
tologists also should be available to confirm a fibromyalgia diag-
nosis and treatment plan, just as psychiatrists do for depression
or neurologists for headache disorders. Rheumatologists are best
able to strategize subsets of fioromyalgia patients and assist in
individualized management, particularly in the most challenging
scenarios.

During the past decade, it has become clear that con-
current fibromyalgia is common in every rheumatic disease
and complicates diagnoses, disease assessment, and therapy
(11,12). Wolfe et al found an even greater discrepancy between
physician-based and criteria-based diagnosis in fiboromyalgia
patients with a concurrent rheumatic disease, including RA or
systemic lupus erythematosus (1). This suggests that greater
rheumatology education be devoted to the co-morbidity of fibro-
myalgia with the traditional rheumatic diseases and the adverse
impact from that co-occurrence (12). Rheumatologists, partner-
ing with pain specialists, have also demonstrated that fibromyal-
gia severity scores correlate with poor outcome in patients with
chronic spine pain and following joint replacements (13,14). We
need to advise primary care physicians, orthopedists, and other
specialists on the impact of fibromyalgia/chronic widespread
pain in a vast array of systemic and regional musculoskeletal
pain disorders.

The diagnostic gold standard for fibromyalgia will continue
to be the rheumatologist’s expert opinion, not classification cri-



336

GOLDENBERG

teria, no matter how well-refined and intentioned. This is the
only way to capture the variability and severity of interrelated
symptoms as they play out over time. There is no short-cut.
We are the go-to experts for patients and our colleagues for
the diagnosis of fibromyalgia, whether or not we readily accept
that role.
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Evaluating the Perception Among Rheumatologists of
Maintenance of Board Certification in the US

Amr H. Sawalha and Patrick Coit

Objective. There continues to be a debate about the value and purpose of maintenance of certification (MOC)
programs in the US. The goal of this study is to assess the impact, value, and purpose of MOC programs in rheuma-
tology.

Methods. A survey was sent to 3,107 rheumatologists in the US. The survey addressed how rheumatologists
perceive the value and impact of MOC programs on rheumatology practice and patient care.

Results. A total of 515 rheumatologists completed this survey. The majority (74.8%) believed there was no sig-
nificant value in MOC, beyond what is already achieved from continuing medical education. Most rheumatologists
did not believe MOC was valuable in improving patient care (63.5%), and the majority felt that the primary reason for
creating MOC was either the financial well-being of board-certifying organizations (43.4%) or to satisfy administrative
requirements in health systems (30%). Although 65.6% perceived that staying current with new medical knowledge
was a positive impact of MOC programs, the MOC was perceived to result in time away from providing patient care
(74.6%) and time away from family (74%). When asked about potential effects of requiring MOC, 77.7% reported
physician burnout, 67.4% early physician retirement, and 63.9% anticipated an effect on reducing the overall number
of practicing rheumatologists.

Conclusion. The majority of rheumatologists do not believe there is significant value for MOC programs. There is
evidence for lack of trust in board-certifying organizations, and rheumatologists believe MOC programs contribute to

physician burnout, early retirement, and loss in the rheumatology workforce.

INTRODUCTION

Board certification in medical specialties in the US was ini-
tially introduced at the turn of the twentieth century to provide a
mechanism to demonstrate the clinical competence of practicing
physicians. Achieving board certification for a specific specialty or
subspecialty used to be a landmark life-long accomplishment for
physicians after completing their initial medical training. Board cer-
tification in the US is overseen by the American Board of Medical
Specialties (ABMS), an umbrella self-governing organization that
includes specialty board members such as the American Board
of Internal Medicine (ABIM) and the American Board of Pediatrics.
Over time, organizations entrusted by physicians to conduct and
issue board certifications ended life-long certification, and began
issuing time-limited board certificates that required regular renew-
als. Although ensuring the continuous medical education of physi-
cians was suggested to be the motive for this change, this move
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remains controversial because a benefit to patients by this pro-
cess has not been supported by credible scientific, non-conflicted
data, and because it excluded or “grandfathered” physicians who
had received their initial board certification at an arbitrary earlier
time point (1).

More recent changes in board recertification requirements
and the expansion of a controversial maintenance of certification
(MOC) program finally caught the public attention and resulted
in significant discussions both at the national level and within
the medical community concerning the value, motive, and con-
sequences behind this program and board recertification (2,3).
[t has been suspected that this program financially supports
board-certifying organizations that have been growing in size, and
although self-declared as non-profit organizations, have actively
participated in lobbying activities (4,5). Interestingly, MOC pro-
grams operated by a specialty body of the ABMS were included
as a measure for physician quality and payment incentives within
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SIGNIFICANCE & INNOVATIONS

« The survey assessed the value of a maintenance of
board certification (MOC) program from the per-
spective of rheumatologists in the US.

+ Overall, there appears to be no perceived signifi-
cant value for MOC among rheumatologists.

+ MOC is perceived to contribute to a shortage in the
rheumatology workforce in the US, without proven
benefit to patients.

+ There is evidence for lack of trust among rheuma-
tologists in board-certifying organizations. A finan-
cial conflict of interest in creating MOC is perceived
to be a likely reason for creating MOC among rheu-
matologists.

the Affordable Care Act (6,7). Non-transparent and at times ques-
tionable financial practices of board-certifying organizations have
surfaced in the public domain, eroding trust in these organizations
of physicians and medical societies (4). In response, apologies
and restructuring attempts have been made (8), but the core issue
of whether recertification and MOC programs positively impact
health care has remained unclear (9,10). It is alarming that while
no clear noncontroversial benefit to patients from MOC has been
demonstrated, the mean estimated cost of the ABIM MOC pro-
gram for all internal medicine physicians is estimated to be ~$5.7
billion over a 10-year period, of which $561 million are fees paya-
ble to the ABIM (11).

Board certification, which started as a voluntary achievement
and remains so in theory, has become involuntary in practice,
making participation in MOC programs mandatory for many if
not most physicians in order to maintain employment and clinical
privileges, or receive reimbursement. The controversy surround-
ing the motive behind creating MOC, the value of MOC, and the
fear for this requirement to interfere with the ability to practice,
has prompted legislatures in several states to prohibit using MOC
as a condition for employment, licensure, securing clinical privi-
leges, and reimbursement. Oklahoma was the first state to pass
such legislation. The National Board of Physicians and Surgeons
(NBPAS) was established as a grass-roots organization to provide
an alternative recertification process that would allow physicians
to recertify to maintain their practices at a fraction of the cost
required by the ABMS and ABIM. To date, NBPAS, which uses
participation in continuing medical education (CME) activities as a
basis for recertification, has certified over 7,000 physicians and is
accepted by 90 hospitals and health systems within the US (12).

Rheumatologists have been very closely following the contro-
versy regarding MOC and board recertification. Indeed, the Amer-
ican College of Rheumatology (ACR) has questioned the value of
the ABIM MOC program, and issued a statement raising concerns
regarding the cost of MOC, lack of evidence to support beneficial
impact of MOC on clinical care, and concerns about the financial
stewardship of the ABIM (13). The goal of this survey study was to

assess the current perception of practicing US rheumatologists of
the value of board recertification and MOC programs, and assess
the impact of these programs on rheumatologists and the rheu-
matology workforce.

MATERIALS AND METHODS

A survey was designed to assess the impact and per-
ceived value of MOC programs in rheumatology. The survey
consisted of 20 questions, including 19 closed-ended ques-
tions and 1 open-ended question (Supplementary Appen-
dix 1, on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23823/abstract).
The questions were designed to address issues relevant
to concerns discussed in recent editorials, opinion pieces,
and medical society statements concerning MOC programs
(2-5,13). The 2 questions pertaining to the perceived positive
and negative impact of board recertification and MOC were
randomized such that half of the respondents receive each of
the 2 questions first. The survey included 1 ranking question,
with the order of possible answers for this question also being
randomized.

Ten practicing rheumatologists at the University of Michigan,
(including a mixture of predominantly clinical faculty and physi-
cian scientists who are ABIM board certified and participating in

Table1. Demographics, primary specialty, and primary work setting
of respondents*®

No. Frequency, %

Primary specialty

Adult rheumatology 469 91.2

Pediatric rheumatology 33 6.4

Both adult and pediatric 12 2.3
Primary work setting

Academia/university 223 434

Private practice 231 44.9

Government 19 3.7

Industry/pharmaceutical 3 0.6

Other 38 74
Age, years

30-39 29 5.6

40-49 160 311

50-59 142 27.6

60-69 152 29.6

>70 31 6.0
Sex

Female 202 39.3

Male 312 60.7

* Demographic information was provided by 514 of 515 survey re-
spondents.
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Figure 1. The geographic distribution of rheumatologists who
responded to the survey.

MOC) were asked to provide input on the survey questions before
the questions were finalized. These 10 rheumatologists and the
authors were excluded from taking the survey for the purpose
of this study. The survey design and all survey questions were
reviewed by staff at the Consulting for Statistics, Computing &
Analytic Research at the University of Michigan. The survey was

Any Additional Value for MOC
beyond CME?

Yes

No

Not sure

I T T T T T T T 1

0% 10% 20% 30% 40% 50% 60% 70% 80%

Improving patient care

Financial well-being of board-certifying organizations

Satisfy administrative requirements in health systems

Increase confidence among patients

constructed using SurveyMonkey (San Mateo, CA) and sent via
email to 3,107 rheumatologists within the US. Invitations to par-
ticipate in this survey were initially sent out to all 3,107 rheuma-
tologists on March 6, 2018 with responses collected until March
26, 2018 when participation in this survey was closed. Analysis
of survey results was performed in the computing environment R.

RESULTS

A total of 515 rheumatologists completed the survey. With
an estimated number of ~5,000 practicing rheumatologists in the
US, this sample size provides 95% confidence that the expected
responses of practicing rheumatologists in the US are within a
margin of error of less than 5% of the responses obtained from
the rheumatologists who completed this survey.

The majority of respondents were adult rheumatologists
(91.2%), while 6.4% were pediatric rheumatologists, and 2.3%
were both adult and pediatric rheumatologists. The majority of
respondents identified their primary work setting as either private
practice (44.9%) or a university or academic setting (43.4%). Of
the total respondents, 60.7% were male and 39.3% were female
rheumatologists. In terms of age, the majority of respondents

Value of MOC for Improving
Patient Care

Not at all valuable

Not so valuable

Somewhat valuable

Very valuable

Extremely valuable

0% 10% 20% 30% 40%

Primary Reason for Creating MOC

T T T T 1
10% 20% 30% 40% 50%

Figure 2. Summary of responses evaluating the value of maintenance of certification (MOC) programs among rheumatologists beyond
continuing medical education (CME) and as it pertains to improving patient care, and the perceived reasons for creating MOC programs.
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were either age range 40-49 years (31.1%) or 60-69 years
(29.6%) (Table 1). Figure 1 shows the geographic distribution
for practice locations for the rheumatologists responding to this
survey.

The majority of surveyed rheumatologists in the US
(74.8%) did not think there was significant additional value in
MOC, beyond what is already achieved from CME. Indeed,
63.5% of rheumatologists did not believe board recertification
and MOC were valuable in terms of improving patient care
(Figure 2). When asked about the primary reason for creating
MOC, the majority of rheumatologists felt it was for the financial
well-being of board-certifying organizations (43.4%) or to sat-
isfy administrative requirements in health systems (30%). Only
15.1% believed improving patient care was the primary reason
for MOC (Figure 2). The majority of rheumatologists believed
board certification should be a life-long credential (63.7%).

Notably, when asked about possible negative impacts of
MOC, the majority reported that MOC resulted in time away from
providing patient care (74.6%), time away from family (74%), and
psychological stress (69.7%). In addition, 88.5% of rheumatolo-
gists believed that MOC imposes a financial burden on rheumatol-
ogists without proven benefits to patients. When asked about pos-
sible positive impacts of MOC, 65.6% perceived staying current
with new knowledge as a positive impact. Most rheumatologists
did not identify patient reassurance, improved quality of patient
care, or increased patient satisfaction as possible positive impacts
of MOC. When asked about anticipated effects of requiring MOC,
77.7% of the respondents reported physician burnout, 67.4%
early physician retirement, and 63.9% anticipated a reduction in
the overall number of practicing rheumatologists. Only 14.2% of
the respondents believed requiring MOC will improve the over-
all quality of practicing rheumatologists in the US, and 75.2%
favored legislation in their state to remove MOC as a requirement

Negative Impact of MOC

Time away from providing patient care

Time away from family

Financial burden without proven benefit to patients
Psychological stress

Limiting patients access to care

I !
0% 20% 40% 60%

80%

Effects of Requiring Participation

in MOC

=

Early physicians retirement

Limiting patients access to care due to insurance restrictions
Physician burnout

Reducing the overall number of practicing rheumatologists in the US

Improving the overall quality of practicing rheumatologists in the US

0%

10% 20% 30% 40% 50% 60% 70% 80%

for employment, insurance reimbursement, or securing clinical
privileges (Figure 3).

Of interest, 58.9% of the respondents believed board cer-
tification in rheumatology should be administered or overseen
by other organizations such as the ACR, and 53.7% of the sur-
veyed rheumatologists reported participation in basic, transla-
tional, or clinical research in rheumatology. Of the respondents
who reported participating in research activities, 39.6% believed
MOC was adversely affecting their ability to perform research or
research-related activities.

The survey included 1 open-ended question, in which rheu-
matologists were asked to provide any other relevant thoughts
or comments. Comments were received from 186 survey
respondents. To summarize these responses, individual ideas
or thoughts were grouped into categories that summarized the
themes discussed. These groups were ranked based on the
number of times a theme was mentioned among all responses.
The top 5 themes are listed in Table 2. Overall, these comments
echoed the results derived from the closed-ended questions in
the survey and stressed issues such as questioning the value of
MOC over CME activities, the relevance of material covered by
recertification examinations to daily rheumatology clinical practice,
the high expense associated with MOC, and the motive behind

developing MOC programs.

DISCUSSION

This study was conducted to assess the perception of
the value and impact of MOC programs from the perspec-
tive of rheumatologists, and how these programs might affect
rheumatology practice and the rheumatology workforce in the
US. The data derived from this survey study suggest an over-
all lack of value for these programs, as perceived by prac-

Positive Impact of MOC

Staying current with new knowledge in rheumatology
Patient reassurance
Improved quality of patient care

Increased patient satisfaction

Increased number of referrals to your practice

0% 10% 20% 30% 40% 50% 60% 70%

Should State Legislation Remove MOC
as Requirement for Employment, Insurance
Reimbursement, or Clinical Privileges?

Not sure

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 3. Summary of responses evaluating the impact of maintenance of certification (MOC) programs among rheumatologists.
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Table 2. Top ranked themes described by respondents in the
open-ended survey question asking for additional thoughts or
comments*

Rank Theme
1 Critical of monetary and time cost of MOC and/or
impact on patient care
2 Critical of the MOC idea and process

CME is sufficient and more relevant than MOC to
stay up to date

Critical of ABIM and its motives

5 MOC examination is not relevant to clinical
practice

* MOC = maintenance of certification; CME = continuing medical
education; ABIM = American Board of Internal Medicine.

ticing rheumatologists, which is consistent with other recent
studies across different specialties (10). Physicians, includ-
ing rheumatologists, are committed to life-long learning and
appreciate the importance of keeping up to date with recent
knowledge and developments in the field to provide the best
possible patient care. It seems that the majority of rheumatol-
ogists do not believe that MOC programs are the best means
to achieve this goal and ensure physician competence. The
majority believe that MOC programs do not add significant
value to participation in CME activities, which are already
required to maintain and renew state medical licensures.
Indeed, unlike MOC programs, CME activities can be more
flexible and allow individual rheumatologists to participate in
educational activities that are most relevant to their individ-
ual practices or the patient populations they manage. In addi-
tion, CME activities can be achieved at a fraction of the cost
required to participate in MOC programs. A recent cost anal-
ysis suggests that the ABIM’s MOC is associated with signifi-
cant testing and time costs for rheumatologists participating in
that program, with a mean cost of the program over 10 years
of $21,606 per rheumatologist, and a mean cost aggregated
for rheumatology as a specialty of $89 million, of which $11
million are fees payable to the ABIM (11).

Importantly, the overwhelming perception of rheumatologists
in the US is that enforcing MOC participation results in physician
burnout and a reduction in the rheumatology workforce. When
asked about whether rheumatologists are required to participate
in MOC for employment or insurance reimbursement, 36.2% of
rheumatologist reported that they are required to participate in
MOC and another 23.7% reported they are not sure if they are
required to participate. These data suggest that while the con-
cept of board certification was initially introduced as a voluntary
achievement, time-limited certification and now MOC are becom-
ing required for many rheumatologists to sustain employment or
practice. The 2015 ACR Workforce Study suggested a current
shortage in the rheumatology workforce, and predicted a decline
in the number of practicing rheumatologists by 2030 with a supply

being outnumbered ~2-fold by the demand for rheumatologists in
the US (14,15). If participation in MOC does not have a significant
value on improving patient care in rheumatology, as indicated by
the perception of practicing rheumatologists, and if it remains a
requirement to practice for at least one-third of rheumatologists in
the US, then an argument can be made that elimination of MOC
might be a way to sustain and improve the rheumatology work-
force without compromising quality. To our knowledge, there have
not been any studies to show that rheumatologists participating in
MOC activities provide better care.

A striking finding from our study is the indication that there
seems to be a lack of trust by practicing rheumatologists in the
US in board-certifying organizations and their motives. When
asked to rank in order what is thought to be the reason for creat-
ing MOC programs, financial well-being of board-certifying orga-
nizations was the highest ranked answer. Improving patient care,
which is the motive claimed by board-certifying organizations,
was the lowest ranked reason. Regardless of what the motive
might be, these results suggest that practicing physicians, and
in this case rheumatologists, do not trust board-certifying orga-
nizations. Therefore, we suggest that these organizations revisit
their relationships with practicing physicians, and facilitate true
collaboration with those physicians to determine the best way
to assess and ensure physician competence and knowledge. Of
interest, ~60% of rheumatologists believe that alternative organ-
izations, such as the ACR, should be involved in administering or
overseeing board certification of rheumatologists.

The NIH has warned that imposing time-consuming MOC
programs seems to discourage physician-scientists from main-
taining clinical practice (16). This is a potentially serious problem in
rheumatology because physician-scientists are the drivers of new
discoveries that result in better treatment options and improved
care of patients with rheumatologic conditions. Researchers who
maintain their own clinical practice are able to stay connected with
research questions that are of immediate interest to the diseases
being studied and to the patients. In addition, eliminating or reduc-
ing the number of physician-scientists who participate in patient
care will reduce the number of some of the most qualified and
talented physicians who can take care of the most complicated
patients in rheumatology and understand the specific disease(s)
related to their expertise. Along these lines, our survey revealed
that about 40% of rheumatologists who participate in research
report a negative impact of MOC on their research careers, as
reflected by adversely affecting their ability to perform research or
research-related activities.

Limitations of our study include the fact that the survey
focused on evaluating perception and attitudes of rheuma-
tologists, and the results cannot be interpreted to provide
actual consequences of MOC impact. Nonetheless, the rheu-
matologist’s perceptions and opinions captured in this survey
should, at the very least, invite a serious independent non-
conflicted evaluation of these programs. The survey did not
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address alternative ways for structuring MOC. However, our
results indicate that most rheumatologists believe that par-
ticipating in CME activities is sufficient and they perceive no
significant additional value for the MOC program. This belief is
consistent with the ACR statement on MOC suggesting that
earning MOC points (mandated MOC educational activities) is
redundant (13).

In summary, our results suggest that the majority of rheu-
matologists in the US are concerned about recertification
examinations and MOC programs. It appears that these pro-
grams are not perceived to be of significant value and do
seem to have the potential to contribute to the shortage in
the rheumatology workforce in the US. Importantly, there is
evidence for eroding credibility and lack of trust in board-
certifying organizations among rheumatologists, and a notion
that imposing a time limit on board certification and mandating
participation in expensive MOC programs is largely driven by
financial interests of these organizations rather than improv-
ing patient care. The medical community in general and the
rheumatology community in particular need to address the
gradual transformation of board certification and MOC from a
voluntary activity to practically a requirement in order for many
physicians to be able to practice medicine and get reimbursed
for services provided. It is important to caution against lobby-
ing activities driven by financial interests in setting health care
policies, especially in mandating expensive programs such
as MOC, in the absence of convincing data that demonstrate
improved patient care, which could result in serious conse-
quences in a field such as rheumatology that is threatened by
a large shortage in the workforce.
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Diagnosis of Fibromyalgia: Disagreement Between
Fibromyalgia Criteria and Clinician-Based Fibromyalgia
Diagnosis in a University Clinic

Frederick Wolfe,' Juan Schmukler,” Shakeel Jamal,” Isabel Castrejon,?
Winfried Hauser,” and Theodore Pincus?

Kathryn A. Gibson,? Sachin Srinivasan,’

Objective. Recent studies have suggested that fibromyalgia is inaccurately diagnosed in the community, and that
~75% of persons reporting a physician diagnosis of fibromyalgia would not satisfy published criteria. To investigate
possible diagnostic misclassification, we compared expert physician diagnosis with published criteria.

Methods. In a university rheumatology clinic, 497 patients completed the Multidimensional Health Assessment
Questionnaire (MD-HAQ) and the 2010 American College of Rheumatology preliminary diagnostic criteria modified
for self-administration during their ordinary medical visits. Patients were evaluated and diagnosed by university rheu-
matology staff.

Results. Of the 497 patients, 121 (24.3%) satisfied the fibromyalgia criteria, while 104 (20.9%) received a clini-
cian International Classification of Diseases (ICD) diagnosis of fibromyalgia. The agreement between clinicians and
criteria was 79.2%. However, agreement beyond chance was only fair (x = 0.41). Physicians failed to identify 60
criteria-positive patients (49.6%) and incorrectly identified 43 criteria-negative patients (11.4%). In a subset of 88
patients with rheumatoid arthritis (RA), the kappa value was 0.32, indicating slight to fair agreement. Universally,
higher polysymptomatic distress scores and criteria-based diagnosis were associated with more abnormal MD-HAQ
clinical scores. Women and patients with more symptoms but fewer pain areas were more likely to receive a clinician’s
diagnosis than to satisfy fibromyalgia criteria.

Conclusion. There is considerable disagreement between ICD clinical diagnosis and criteria-based diagnosis of
fibromyalgia, calling into question ICD-based studies. Fibromyalgia criteria were easy to use, but problems regarding

clinician bias, meaning of a fibromyalgia diagnosis, and the validity of physician diagnosis were substantial.

INTRODUCTION

Although fibromyalgia is a common diagnosis, it remains
a contested disorder to many (1-4). It is an arbitrarily and
broadly defined disorder of widespread pain and multiple
symptoms that is strongly influenced by culture, context, and
social forces (5). Several widely accepted criteria sets have
provided definitions and methods of diagnosis since fibromy-
algia was first named by Hench in 1976 (6-11). However, a
number of studies have suggested that fibromyalgia is over-
diagnosed, citing the influence of pharmaceutical company
advertising (1,12). Advertising mechanisms that advance the
idea of symptoms as disease can lead to illness expansion
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and overdiagnosis (13,14) and to the indirect suggestion
to patients and physicians that common symptoms should
be interpreted and diagnosed as fibromyalgia (1,12,15,16).
The self-report nature of fibromyalgia symptoms facilitates
the uncertainty that surrounds fibromyalgia diagnosis (15). In
the current study, we consider underdiagnosis as well as the
form of overdiagnosis that lead to diagnosis when fibromyal-
gia criteria are not satisfied and symptoms are insufficient for
diagnosis. Recent evidence has accumulated from population
studies that support the idea of common and frequent misdiag-
nosis (17,18), as well as reports of limited knowledge of fibro-
myalgia diagnosis and criteria by physicians in the community
(19,20). Some have asked whether a “gestalt” diagnosis of
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SIGNIFICANCE & INNOVATIONS

« Overall agreement between clinicians’ diagnosis of
fibromyalgia and diagnosis by fibromyalgia criteria
is only fair.

+ Clinicians fail to identify almost 50% of criteria-
positive cases.

 In rheumatoid arthritis patients, diagnostic agree-
ment is slight to fair.

« International Classification of Diseases diagnoses
of fibromyalgia do not accurately capture fibromy-
algia status.

fibromyalgia has not become the de facto diagnosis in the
community (21).

Despite these concerns, there has been no study com-
paring simultaneous clinical diagnosis with standard research
questionnaire-based criteria (9-11). Such a study might
address what is the actual definition of fibromyalgia in the clinic.
In this study, we used patients receiving care at the Rush Uni-
versity rheumatology clinic to investigate differences in diag-
nosis and definition of clinical versus criteria-based diagnosis
and to understand the clinical meaning and consequences
of diagnostic decisions. Our study should also provide data
on the validity and reliability of International Classification of
Diseases (ICD) diagnoses of filoromyalgia derived from clinical
care. As the gold standard for diagnosis, we used the 2011
self-report modification of the American College of Rheuma-
tology (ACR) preliminary diagnostic criteria for fibromyalgia for
clinical research (10) of the ACR 2010 preliminary diagnostic
criteria for fibromyalgia (ACR criteria) (9). For clinical diagno-
sis, we used diagnoses as coded using ICD, Tenth Revision
(ICD-10). In studies of fioromyalgia, ICD diagnosis has played
a major role, including use for case finding (22), symptom
description (23), practice and administrative prevalence esti-
mates (24,25), and heath care costs (25,26).

PATIENTS AND METHODS

Patients. The patients were 497 consecutive unselected
rheumatology clinic attendees with complete questionnaire data. In
a 3-month period (mid April through mid July, 2017), as part of their
usual medical care, each patient completed a Multidimensional
Health Assessment Questionnaire (MD-HAQ) as well as a ques-
tionnaire that assessed fibromyalgia diagnostic variables used in
the ACR 2010 preliminary diagnostic criteria for fioromyalgia and its
2011 modification for self-report (9,10,27). The fibromyalgia ques-
tionnaire and MD-HAQ were used together to estimate the use-
fulness of the MD-HAQ in the diagnosis of fibromyalgia. We used
these data and ICD diagnosis to measure agreement between a

physician diagnosis and published fibromyalgia criteria. The diag-
nostic usefulness of the MD-HAQ will be reported elsewhere.

Diagnoses. We used clinical diagnoses coded using ICD-
10 in Rush University electronic medical records. Up to 6 rheu-
matic disease diagnoses were chosen and recorded for each
patient by the staff rheumatologist at the time of the patient visit.
The mean number of ICD diagnoses was 3.6 (range 1-6). Among
major rheumatic diagnoses were systemic lupus erythematosus
(SLE) (n = 86), osteoarthritis (OA) (n = 152), RA (n = 88), and
fioromyalgia (n = 104). The ICD code used to identify fibromy-
algia cases was M79.7. Clinical diagnoses of fibromyalgia were
made using physician clinical evaluations, the nature of which was
determined by each clinician. The study authors made no sug-
gestion to clinicians about how diseases were to be diagnosed,
and with respect to fibromyalgia, 2011 criteria instructions were
not provided.

All patients completed the questionnaires immediately
prior to being seen for their clinic visit. Completed question-
naires were available to clinicians at the time of the clinical
examination, but review of the questionnaires by clinicians
was voluntary. Physicians were not told that their ICD records
would be searched for evidence of fiboromyalgia but were
aware of the interest of some of the study authors (IC and
TP) in fioromyalgia diagnosis. Two of the authors were clini-
cians who participated in the study. Dr. Pincus is listed as the
physician in 1 case and Dr. Schmuker in 5 cases. Patients
were a mix of new and returning clinic patients. Of the 104
clinically diagnosed fibromyalgia patients, only 2 had no other
medical diagnosis. We did not attempt to separate fibromyal-
gia into primary and secondary categories, because 98% of
the patients had >1 diagnosis. Clinical examinations and diag-
noses were provided by 17 physicians (5 fellows [specialist
registrars] and 12 staff rheumatologists). After the study was
competed, at a physician clinic conference we determined
by interview that physician participants had not used written
fibromyalgia criteria or checklists for fioromyalgia diagnosis.
In addition, no physician acknowledged specific use of pub-
lished fibromyalgia criteria in reaching a diagnosis.

Fibromyalgia variables. The fibromyalgia criteria ques-
tionnaire is composed of the following variables (9-11).

Widespread pain index (WPI) (0-19 scale). The WPI score
is a summary count of the number of 19 painful regions from the
Regional Pain Scale, a self-reported list of painful regions (28).

Symptom severity scale (SSS) (0-12 scale). The SSS score
is the sum of the severity scores of 3 symptoms (fatigue, wak-
ing unrefreshed, and cognitive symptoms) (range 0-9) plus the
sum (range 0-3) of the number of the following symptoms the
patient has been bothered by that occurred during the previous
6 months: 1) headaches (range 0-1), 2) pain or cramps in lower
abdomen (range 0-1), and 3) depression (range 0-1).
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Polysymptomatic distress (PSD) (0-31 scale). The PSD
score (also known as the fibromyalgia symptom score) is the
sum of the WPI score and the SSS score. The PSD scale mea-
sures the magnitude and severity of fibromyalgia symptoms in
those satisfying and those not satisfying the criteria.

The 2011 criteria, modified for self-report from the 2010
ACR preliminary diagnostic criteria. A patient satisfies the modi-
fied 2011 fibromyalgia criteria (10) if the following conditions are
met: WPI score >7 and SSS score >5 or WPI score 3—-6 and SSS
score >9. The published requirement for symptoms being pres-
ent for >3 months is usually not considered in nonclinical studies
when symptoms are being compared and was not used in this
study. However, 96% of fibromyalgia criteria—positive patients
had symptoms for >3 months. Therefore, the exclusion could
not have influenced results.

The 2016 modifications of the 2010 and 2011 criteria were
not considered in this study, because the study was started before
the general promulgation of the criteria (11). The 2016 criteria state
specifically that “a diagnosis of fioromyalgia is valid irrespective of
other diagnoses. A diagnosis of fioromyalgia does not exclude the
presence of other clinically important illnesses.” This comment was
inserted into the 2016 criteria to make clear that fioromyalgia crite-
ria were valid in the presence of other clinically important illnesses,
including those diagnosed using the 2010 and 2011 criteria.

Clinical variables (MD-HAQ). To determine outcome and
clinical status, we used the 2-page, single-sheet MD-HAQ (27).
The MD-HAQ contains scales that measure physical function,
pain, patient’s global assessment, fatigue, and anxiety and depres-
sion. The MD-HAQ also includes a Rheumatoid Arthritis Disease
Activity Index (RADAI) self-report joint count (29), a 60-symptom
checklist, and recent medical history. Although designed for use
in RA, the RADAI is a general assessment that can be useful in
any musculoskeletal disorder (30). Anxiety and depression were
assessed by a 0-3 scale; scores >2 were considered to indicate
substantial problems.

Statistical analysis. No patient refused to complete
the questionnaires. However, administrative procedures in
the clinic made it impossible to check and correct for missing
data. Therefore, research staff determined that only patients
with complete data would be studied, and patients with
missing data were not entered into the research database.
Data were analyzed using Stata version 15.0 (31). We used
nonparametric trend analysis for grouped data Table 1, and
used the Stata roctab procedure to perform nonparametric
receiver operating characteristic curve analysis and to esti-
mate the area under the curve for the analysis of prediction
of fiboromyalgia 2011 criteria status by PSD score. Agreement

Table 1. Clinical and severity measures according to fibromyalgia classification status*

Crit=/Clin- Crit=/Clin+ Crit+/Crit- Crit+/Clin+
No. (%) of total patients 333(67.0) 43 (8.7) 60 (12.1) 61 (12.3)
Age, mean + SD years 54.0+£17.0 51.8+12.7 51.5+16.8 48.6+13.0
Female sex, % 777 97.7 83.3 96.7
College graduation, % 47.4 30.8 39.7 431
BMI, mean + SD kg/m’ 30.2+86 31.2+73 303+8.2 353+8.6
Disabled 6.9 18.6 333 32.8
Widespread pain index 3.0+24 40+26 9.2+31 11.0+35
Symptom scale 31+29 49+2.1 7.6 £ 2.1 9.0+1.8
PSD scale 6.0+3.38 8930 169+34 20.0+4.2
Generalized pain, % 18.6 18.6 783 88.5
Symptom count 7.87+5.8 13.2+6.3 19.3+8.0 253+98
RAPID-3 index 95+6.7 14.4+5.5 173 +4.8 20.0 +41
Function (MD-HAQ) 1.8+£19 24+1.6 35+138 46+18
Pain (MD-HAQ) 40+29 6.4+25 70+2.1 82+14
Global (MD-HAQ) 3.8+27 56+24 6.7+19 73+2.0
Fatigue (MD-HAQ) 3.4+30 6.0+2.0 75+19 84 +17
RADAI (0-48) 8.3+8.5 14.0+£9.6 219+ 1.2 293+11.2
Anxiety (substantial), % 6.0 20.9 25.0 42.6
Depression (substantial), % 4.2 11.6 20.0 36.0

* Except for age and college graduation, values for all other variables increased statistically significantly across groups. Crit-

patients who do not satisfy the 2011 criteria for a fibromyalgia (FM) diagnosis; Crit+ = patients who satisfy the 2011 criteria
for FM diagnosis; Clin— = patients diagnosed by clinician as not having FM; Clin+ = patients diagnosed by clinician as having FM;
BMI = body mass index; PSD = polysymptomatic distress; RAPID-3 = Routine Assessment of Patient Index Data 3; MD-HAQ =

Multidimensional Health Assessment Questionnaire; RADAI = Rheumatoid Arthritis Disease Activity Index.
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was assessed by kappa analysis (32) and included probabilis-
tic grouping or interval (33,34). Benchmark groupings include:
poor = <0.00, slight = 0.00-0.20, fair = 0.21-0.40, moderate =
0.41-0.60, substantial = 0.61-0.80, and almost perfect =
0.81-1.00 (32). Probabilistic benchmarks represent the proba-
bility for each coefficient of falling into the selected benchmark
interval along with the cumulative probability of exceeding the
predetermined threshold associated with the interval.

Ethics and institutional review board (IRB)
approval. This study was conducted in accordance with the
ethics standards of the responsible committee on human exper-
imentation and with the Helsinki Declaration of 1975, as revised
in 1983. The study was approved by the Rush University IRB.
The study received an IRB waiver of consent for retrospective
use of data.

RESULTS

According to the 2011 criteria, 121 patients (24.3%) could
be classified as having fibromyalgia (Table 2). By clinician diagno-
sis, the fibromyalgia prevalence was 20.9%. Although agreement
between methods was 79.2%, agreement beyond chance agree-
ment was only fair, with a kappa score of 0.41 and a probabilis-

tic benchmark interval of 0.20-0.40. Physicians failed to identify
60 criteria-positive patients (49.6%) and incorrectly identified 43
criteria-negative patients (11.4%). Among the 104 patients clin-
ically diagnosed with fibromyalgia, only 61 (58.7%) actually sat-
isfied criteria, and among the 393 not diagnosed with fioromyal-
gia by clinicians, 60 (15.3%) satisfied the 2011 criteria. Because
the number of individuals without fibromyalgia in the community
is much greater than the number of those with fibromyalgia, a
misclassification rate of 15.3% is clinically and epidemiologically
meaningful.

We also examined agreement after restricting the analysis
to RA, SLE, and OA. Among the 88 patients with RA, agreement
was 84.1%, and the kappa score was 0.32 with a probabilistic
benchmark interval of 0.00-0.20. Among the 13 RA patients with
criteria-positive fibromyalgia, 5 (38.5%) were identified by clini-
cians; among those who were criteria-negative, 6 (8.0%) were
called positive by clinicians. Even worse results were obtained in
SLE. The kappa value was 0.08. Among the 19 SLE patients with
criteria-positive fioromyalgia, 4 (21.1%) were identified by clini-
cians; among those who were criteria-negative, 9 (13.4%) were
called positive by clinicians. Finally, among those with OA, the
kappa score was 0.51 with a probabilistic benchmark interval of
0.20-0.40. Among the 44 OA patients with criteria-positive fibro-
myalgia, 28 (63.6%) were identified by clinicians; among those

Table 2. Prevalence and agreement of criteria and clinician assessment in 497 university rheumatology clinic attendees*®

2011 FM 2011 FM
criteria-positive criteria-negative Total

All patients
Clinician-positive FM diagnosis 61 (50.4) 43 (11.4) 104 (20.9)
Clinician-negative FM diagnosis 60 (49.6) 333 (88.6) 393 (79.1)
Total 121 (24.3) 376 (75.7) 497 (100)
Correct 79.2% (k = 0.41 [0.20-0.40)t

RA patients
Clinician-positive FM diagnosis 5(38.5) 6 (8.0) 11 (12.6)
Clinician-negative FM diagnosis 8 (61.5) 69 (92.0) 77 (85.5)
Total 13 (14.8) 75(85.2) 88 (100)
Correct 84.1% (x = 0.32 [0.00-0.20])t

SLE patients
Clinician-positive FM diagnosis 4(21.1) 9(13.4) 13(15.2)
Clinician-negative FM diagnosis 15(78.9) 58 (86.6) 73 (84.9)
Total 19 (22.1) 67 (77.9) 86 (100)
Correct 72.9% (k = 0.08 [0.20-0.40)T

OA patients
Clinician-positive FM diagnosis 28 (63.6) 14 (13.0) 42 (27.6)
Clinician-negative FM diagnosis 16 (36.4) 94 (87.0) 110 (72.4)
Total 44 (28.9) 108 (71.1) 152 (100)

Correct 80.3% (k = 0.5 [0.20-0.40])t

* Except where indicated otherwise, values are the number (%). FM = fibromyalgia; RA = rheumatoid arthritis; SLE = sys-

temic lupus erythematosus; OA = osteoarthritis.

t Values in brackets are probabilistic benchmark intervals, where 0.20-0.40 = fair agreement and 0.00-0.20 = slight agree-

ment.
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Clinician and FM criteria disagreement (misclassification)
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Figure 1. Disagreement between clinician-based diagnosis of fibromyalgia (FM) and diagnosis by FM criteria at the individual patient level. A
positive criteria-based diagnosis requires a widespread pain index (WPI) >7 and symptom severity scale (SSS) score >5 or a WPI of 3-6 and

SSS score >9.

who were criteria-negative, 14 (13.0%) were called positive by
clinicians. In general, the results of the kappa analyses indicated
agreement ranging from poor to fair among clinicians’ diagnosis
and fibromyalgia criteria.

Figure 1 offers insight into how this misclassification
occurred. In general, to have fiboromyalgia according to the
2010/2011 criteria, a patient must have a WPI score >7 and an
SSS score =5 or a WPI score 3-6 and an SSS score >9. The
black circles in the figure show patients who clearly satisfied
criteria but did not receive the diagnosis. The black circles in the
left upper quadrant are those patients who satisfied criteria by
meeting the WPI of 3-6 and SSS score of >9 criteria. The clear
circles indicate patients who did not meet criteria but received
a fibromyalgia diagnosis from clinic clinicians. Some of these
patients had very limited pain and fibromyalgia symptom activity.

Figure 2 provides 3 overlapping distribution curves. The
vertical dividing line at PSD = 12 is key, because a patient
cannot satisfy fibromyalgia criteria with a PSD score <12. The
dashed line on the right half of the graph represents the dis-
tribution of scores for criteria-positive patients. The dotted
line on the left half is the distribution of mean PSD scores for
patients not receiving a clinician diagnosis of fiboromyalgia and
not satisfying fibromyalgia criteria. The solid line shows the
effect of clinician diagnoses that include misclassification. It
can be seen that many patients diagnosed with fibromyalgia
do not have sufficiently high PSD scores for criteria diagno-
sis. The reduced height of the clinician curve (solid line) to the
right of the dividing line, compared with the criteria-positive

line, indicates that many patients who are criteria-positive are
not being diagnosed with fibromyalgia, and this observation is
supported by the actual data shown in Figure 1.

In these data, we identified 4 groups according to fibromy-
algia diagnostic status: 1) criteria-negative/clinical-negative,
2) criteria-negative/clinical-positive, 3) criteria-positive/clinical-
negative, and 4) criteria-positive/clinical-positive. In the order
specified, these groups contained patients with increasingly
more severe symptoms (Table 1). From the perspective of
fiboromyalgia symptoms, the PSD scores increased as follows:
6.0, 8.9, 16.9, and 20.0 in groups 1, 2, 3, and 4, respec-
tively. The groups are identified by individual density curves
in Figure 3, and their mean scores are shown on the x-axis.
Importantly, the criteria-negative/clinical-positive overdiagno-
sis group (second curve from the left) indicates the extent of
misdiagnosis in patients with less severe symptoms.

The results shown in Table 1 suggested that factors external
to criteria were involved in diagnosis. Therefore, we compared
all patients who were diagnosed with fioromyalgia by clinicians
with those who met criteria for fibromyalgia. Among the clinically
diagnosed patients, 97.7% were women compared with 83.3%
of criteria-positive patients (P = 0.007), while overall, 82.5% of
patients were women. We also found that clinically diagnosed
patients had greater SSS scores (7.8 versus 4.9; P < 0.001),
lower WPI scores (4.0 versus 9.2; P = 0.000), and lower PSD
scores (8.9 versus 16.9; P = 0.000). Thus, clinicians gave greater
weight in making a diagnosis to being a women and having
increased symptoms and were willing to diagnose patients with
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Figure 2. Kernel density estimation for polysymptomatic distress (PSD) in patients with clinician-diagnosed fioromyalgia (FM), those with

criteria-diagnosed FM, and patients who did not have a diagnosis of FM.

lower WPI and PSD scores. In addition, a number of significant
contextual factors were not formally assessed in this study but
may have been important to clinicians and influenced diagno-
sis, including a history or family history of fibromyalgia, and co-
morbid conditions such as irritable bowel syndrome and restless
leg syndrome.

.08

Density
06

DISCUSSION

The data of this study provide information on the characteris-
tics of patients diagnosed with fioromyalgia. In a 2016 study of the
US population using the National Health Interview Survey, Walitt
et al showed that the self-reported diagnosis of fibromyalgia is likely

-
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Figure 3. Kernel density estimations for polysymptomatic distress (PSD) in the 4 groups shown in Table 2.
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to be wrong. Using surrogate criteria, they found that 73.5% of the
1.8% of respondents who reported doctor-diagnosed fioromyal-
gia did not satisfy criteria for fibromyalgia because their symptoms
were not sufficiently severe (18). With their criteria, Walitt et al also
identified fibromyalgia in 1.8% (95% confidence interval 1.42-2.07)
of the population. However, 73% of identified patients self-reported
a physician’s diagnosis other than fibromyalgia. Our data support
the observation of Walitt et al of misclassification. In addition, a
recent study involving 42,394 female nurses evaluated diagnosis
in chronic fatigue syndrome, a condition with similarities and over-
lap with fibromyalgia, and found exactly what we and Walitt et al
found—an excess of underdiagnosis and overdiagnosis (35).

Other evidence of misdiagnosis comes from recent epide-
miology studies that have found that women constitute 60% of
cases of fibromyalgia compared with clinical studies in which
the proportion of women can be >90% (36). This suggests that
a bias exists toward overidentification of fibromyalgia in women
or in those with psychological distress, and that such a bias
may distort case identification. We found evidence of the bias
in the current study. We have also suggested that increased
diagnoses of fiboromyalgia in patients who do not satisfy criteria
may be a response to extensive direct-to-patient pharmaceuti-
cal advertising (21), because the prevalence almost doubled in
the US military “following advent of federally approved drugs for
FMS in concert with pharmaceutical industry marketing (12).”

Although the questions of diagnosis and diagnostic accuracy
seem simple, they are in fact complex. Considering the 2010 and
the self-reported 2011 criteria, fioromyalgia is diagnosed by cri-
teria that are based on severity as measured by the number of
pain locations—the WPI score—and the SSS score, as shown
in Figure 1. When added together, they form the 0-31 PSD scale
(Figures 2 and 3). Patients with PSD scores <12 cannot by defini-
tion satisfy fibromyalgia criteria. Depending on the characteristics
of the study sample, 70% to >95% of those with PSD scores >12
will satisfy criteria (5,37).

Symptom severity, however, is not fixed. A patient who
improves by decreasing severity measured by the PSD score to 11
no longer satisfies fiboromyalgia criteria. A patient who decreases
the PSD score to 11 and stays there is clinically quite different from
one who decreases to 2 and stays there. However, both fail to sat-
isfy fioromyalgia criteria. There is no general consensus as to how
to characterize fibromyalgia in individuals such as these. Some
clinicians feel that fibromyalgia is a trait disorder—once fibromyal-
gia always fioromyalgia (38). Criteria-based diagnosis treats fibro-
myalgia as a state disorder—present or absent. Clinicians whose
patients with fioromyalgia decrease their PSD scores to 9 dur-
ing treatment may rightly be considered to have improved, while
patients who appear in the clinic for the first time with a score of
9 will likely be considered not to have fibromyalgia. In the current
study, we define fioromyalgia presence and absence based on
current fioromyalgia criteria status. While this standard may be too
strict (or not), it provides a measurable yardstick.

There has been no prospective, unbiased study of fibro-
myalgia diagnostic accuracy in the community of primary care
physicians when fibromyalgia criteria are used as the diagnostic
standard. The current study is the first to approach this issue,
but in a university rheumatology specialty clinic. We found that
physician-diagnosed fibromyalgia had only a fair level of agree-
ment with criteria-based diagnosis (x = 0.44 [probabilistic bench-
mark interval 0.20-0.40]). A total of 41.3% of physician-diagnosed
fibromyalgia did not meet the 2011 criteria, and 15.3% of patients
who did not meet criteria were diagnosed with fibromyalgia by
physicians. Patients with physician-diagnosed fibromyalgia had
less severe symptoms than those with criteria-diagnosed fibro-
myalgia, even when a physician diagnosis and criteria agreed.
The physicians in our study were experts in rheumatology —fac-
ulty and fellows who had training in fibromyalgia and fibromyal-
gia criteria. However, not only did their diagnoses not agree with
criteria, but examiners subsequently indicated that they did not
pay attention to criteria in assessing patients. We also found that
clinicians were influenced by patients’ sex and symptom severity
more than by pain extent. Figure 2 emphasizes how wide is the
diagnostic capture when no criteria are used. As noted above,
however, another contributing reason for clinician—criteria differ-
ence might be improvement in symptom severity from when fibro-
myalgia was first diagnosed by the clinician, measurements that
we do not have.

It is likely that diagnosis in the community by general physi-
cians, for whom the criteria are not as well known, will be even
more inaccurate than what we observed in this university clinic.
Primary care physicians find fioromyalgia difficult to diagnose.
Kumbhare et al reported that “Physician knowledge overall was
not comprehensive and was very poor for the 1990 and 2010 cri-
teria.” Fifty-one percent of physicians used a set of criteria in their
practice, and 49% used their clinical acumen (19). Even rheuma-
tology specialists have problems. In one survey of 206 rheumatol-
ogists, 31% found fibromyalgia difficult to diagnose, as did 61% of
809 primary care physicians (20).

The observation of Walitt et al of overdiagnosis and their
data indicating that demographic and social factors influence
misdiagnosed fibromyalgia are essential to understanding diag-
nostic problems (17,18). Neurobiologic mechanisms may play
an important role in fiboromyalgia pain; however, the diagnosis of
filoromyalgia is subject to social and cultural factors, and a diag-
nosis or non-diagnosis can influence social status, the availability
of medical care, and access to private and government disability
payments.

We have raised the issue previously of whether the criteria-
negative “pain and distress” type of fibromyalgia patient identified
by the Walitt group in the general population should be consid-
ered de facto as part of the fibromyalgia definition (21). Perhaps.
Maybe the disorder that “has no binding definition ... and no way
of objectively testing for it” (40) cannot do better in the commu-
nity. Perhaps a clinician familiar with the patient’s total history and
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a thorough understanding of the psychosocial aspects of the
patient’s presentation (through doctor—patient interaction) may
have a different threshold for diagnosing.

It is not clear why the physicians in this study who misclas-
sified fioromyalgia and missed patients with the diagnosis did not
do better. They may have simply misdiagnosed the condition or
not accepted the use of the formal diagnostic system as neces-
sary or clinically useful for identifying fiboromyalgia in routine care.
Other important reasons for discordance include not accepting
the fibromyalgia concept, not considering fibromyalgia, or not
needing a fibromyalgia diagnosis for patient care. The 2016 cri-
teria recommendations use the phrase “may be diagnosed,” indi-
cating that it is the clinicians’ judgment that should guide the need
for the diagnosis. We would add that clinicians ought to consider
fioromyalgia symptoms, if not a diagnosis, in patients with rheu-
matic pain disorders such as RA.

One solution to the application of a dichotomous diagnosis of
filoromyalgia to what is really a dimensional disorder (39) is the use
of the PSD scale, as shown in Figures 1 and 2. It avoids the issue
of crossing back and forth across the diagnostic border. More
importantly, it allows clinicians and researchers to measure the
degree of PSD—what has been called “fibromyalgianess” (40).
With it one can follow the course of fibromyalgia symptoms with-
out the need to categorize patients into sick and well categories.

A limitation to this study is that it was performed in a rheuma-
tology clinic. It is likely that the discordance we observed may be
much more severe in the community of primary care (17-20,35).
However, having a rheumatology “standard” is likely to be useful
in the ongoing assessment of this problem. A second limitation
might be that rheumatology examiners may have been motivated
to be on the alert for fioromyalgia patients because of knowledge
of the study. Such a bias, if present, could have influenced the
results. The use of ICD codes raises additional issues, although
they are now widely used in fiboromyalgia studies (22-26). Selec-
tion of ICD categories can be arbitrary. Although selection of ICD
categories is accepted in many studies, it seems clear from our
data that disorders such fibromyalgia may be inaccurately catego-
rized in study reports (22-26).

In summary, we found that expert physicians in a university
clinic often misdiagnose fibromyalgia when compared with pub-
lished criteria, probably for a variety of reasons. If, as we believe,
these data offer support for the observation of Walitt et al of sub-
stantial misdiagnosis in the general population (17,18), it is likely
that misdiagnosis is a public health problem and one that can lead
to overdiagnosis and overtreatment (1,41-45), as well as to inap-
propriate treatment of individuals not recognized to have fibromy-
algia symptoms (46).
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Neuromuscular Electrical Stimulation Compared to
Volitional Exercise for Improving Muscle Function in
Rheumatoid Arthritis: A Randomized Pilot Study
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Objective. The aim of this study was to compare the feasibility and effectiveness of neuromuscular electrical
stimulation (NMES) with that of high-intensity volitional resistance training for improving muscle structure and func-
tion and physical function in patients with rheumatoid arthritis (RA). We also compared pre-intervention and post-
intervention values of myocyte characteristics.

Methods. In this 2-group, single-blind, randomized pilot study, adult patients with RA were assigned to 36 ses-
sions of NMES (n = 31 patients) or volitional training (n = 28 patients) over 16 weeks. Outcome measures included
muscle structure and function (quadriceps muscle area, density, and strength), physical function (performance-based
and patient-reported), feasibility (increased pain, increased disease activity, attrition, and adherence), and myocyte
characteristics (area, proportion of type | or Il muscle fibers, and intramyocellular lipid content). Analysis of covariance
was used to compare groups.

Results. The intervention intensity in the NMES group was less than half that in the volitional exercise group (31%
versus 77% of maximum effort). Both groups experienced significant improvements in muscle structure and func-
tion (P < 0.001 to 0.019). Improvements in muscle characteristics and physical function were not different between
groups. Exercise did not result in serious adverse events or increases in pain and disease activity. Attrition was 29%
in the NMES group and 7% in the volitional exercise group.

Conclusion. Both NMES and high-intensity volitional resistance training can be used as effective approaches to
improving muscle structure and function in patients with RA. NMES may be a viable alternative for improving muscle
function in patients in whom high-intensity resistance exercise may not be tolerated or is contraindicated, but attrition

must be considered when using this approach.
INTRODUCTION

Nearly two-thirds of patients with rheumatoid arthritis (RA)
experience some level of muscle atrophy (1). Reversing muscle
atrophy in these patients is important not only to improve per-
formance during daily tasks but also to increase the capacity of
muscles to store protein. Muscle protein plays a crucial role in
enabling adaptation to metabolic stresses and fighting infections
(1-4). Serious infections are a major concern in patients with RA
and contribute to overall mortality (5). Therefore, promoting muscle
hypertrophy may ultimately contribute to improved health in RA (4).
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Volitional resistance exercise is typically the first coun-
termeasure against muscle atrophy. Studies on resistance
exercise in patients with RA have demonstrated significant
improvements in muscle strength and physical function with-
out parallel increases in muscle size (6-12), suggesting that
this population of patients might be resistant to the anabolic
effects of exercise (10). The few studies that demonstrated
muscle hypertrophy in patients with RA used resistance train-
ing at high intensity, representing ~80% of the maximum load
an individual can tolerate (13,14). In patients with RA, pain
and disability due to disease activity may reduce tolerance
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SIGNIFICANCE & INNOVATIONS

* Muscle atrophy is prevalent and associated with
morbidity in patients with rheumatoid arthritis (RA).
While high-intensity volitional exercise is typically
the first countermeasure against muscle atrophy,
patients with RA may be more resistant to the an-
abolic effects of exercise. Neuromuscular electrical
stimulation (NMES) appears to activate all muscle
fibers at relatively lower contraction intensities and
could be an alternative to high-intensity volitional
resistance training.

« This is the first randomized study to compare
NMES with high-intensity resistance training in pa-
tients with RA. The results showed that both NMES
and high-intensity volitional resistance training can
be used as effective approaches to improve muscle
structure and function in patients with RA.

* NMES improves muscle structure and function at
lower training intensity compared to high-intensity
resistance training and may be a viable alternative
for patients in whom high-intensity resistance exer-
cise may not be tolerated or is contraindicated.

to high-intensity resistance exercises, and use of alterna-
tive approaches to promote muscle hypertrophy should be
explored.

Neuromuscular electrical stimulation (NMES) is one such
alternative approach. NMES incorporates the use of electrical
current to activate skeletal muscles and produce contractions
(15). NMES recruits motor units in a nonselective pattern of
activation, in which both slow-twitch and fast-twitch fibers are
activated simultaneously, unlike volitional contractions, in which
slow-twitch fibers are activated first and fast-twitch fibers are
recruited only with near-maximal effort (16-19). Thus, a clinical
advantage of NMES over volitional exercise is the potential to
activate all muscle fibers at relatively lower contraction intensi-
ties. Use of this approach may be particularly effective for revers-
ing muscle atrophy, which seems to predominantly affect type |l
fibers, in patients with RA (20,21).

NMES has been shown to promote muscle hypertrophy in
a variety of patient populations (22-25). Our preliminary work
indicated that NMES is a promising intervention to enhance
muscle mass and strength in RA patients. However, NMES
was previously tested in a small series of patients, and ran-
domized studies are needed to assess the effectiveness of
NMES in patients with RA (26). To that end, the primary objec-
tive of this study was to compare the effects of NMES and
volitional resistance training on muscle structure and func-
tion (hypertrophy, strength, and density) and physical func-
tion (performance-based and patient-reported outcomes) in
patients with RA. The secondary objective was to determine
the safety and feasibility of using NMES. We also character-
ized and compared the pre-intervention and post-intervention

myocyte area, the proportion of type | or Il muscle fibers, and
intramyocellular lipid content.

PATIENTS AND METHODS

This was a 2-group, parallel-design, single-blind ran-
domized pilot study implemented from December 2009 to
December 2013 at the Department of Physical Therapy, Univer-
sity of Pittsburgh. Participants were enrolled if they were older
than age 21 years, had rheumatologist-diagnosed RA for >5
years (according to the American College of Rheumatology cri-
teria (27), were fluent in English, and were able to ambulate inde-
pendently without an assistive device. Exclusion criteria were
cardiovascular disease, uncontrolled hypertension, neurologic
or muscular conditions, history of quadriceps/patellar tendon
rupture or adverse reaction to electrical stimulation, participation
in resistance training >2 times/week, change in RA medication
in the previous month, use of cholesterol-lowering medication,
malignancy, and pregnancy. Individuals with <70 degrees of
knee flexion were excluded, to enable proper positioning on the
isokinetic dynamometer.

Patients were recruited through letters sent by their rheu-
matologists, the University of Pittsburgh Medical Center Arthritis
Network Registry, and public announcements. The University of
Pittsburgh Institutional Review Board approved the study proto-
col (PRO08090141). All participants provided written informed
consent.

Randomization and interventions. A statistician (CNS)
generated the randomization sequence, and the research
coordinator (SSK) (who was not involved in testing or treat-
ment) randomized the participants through a web-based com-
puter system after the baseline visit. Participants were allo-
cated 1:1 to receive NMES or volitional exercise training. The
testers (those who administered the questionnaires and physi-
cal examinations) were blinded to group assignment. Although
participants could not be blinded to treatment assignment,
they were instructed not to discuss treatment with the testers.
Physical therapists blinded to participants’ performance on
outcome measures delivered the interventions.

The groups participated in 2-3 exercise sessions/week, for a
total of 36 exercise sessions over 16 weeks. Both legs were tar-
geted for training. The interventions adhered to the best evidence-
based practice, meaning that the NMES was administered at
maximum tolerance, while volitional exercise training was applied
at high intensity (15,28,29). Each exercise session started with a
5-minute warm-up period of stationary cycling without resistance
and 1-2 bouts of quadriceps stretching for 30 seconds.

NMES training was administered using an Empi Infinity Plus
portable NMES unit. Stimulus parameters were based on pre-
vious research and included a pulse rate of 75 pulses/second
and pulse duration of 450 microseconds (15,26). The stimulus
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on/off time was 12 seconds on (3 seconds of ramp-up, 6 sec-
onds of full contraction, 3 seconds of ramp-down) and 48 sec-
onds off to minimize muscle fatigue (1-minute cycle). The skin
areas on which electrodes would be placed were rubbed with
alcohol. Two 6.9 cm x 12.7 cm self-adhesive electrodes (Dura-
Stick) were placed on the skin, one proximally, over the vastus
lateralis, and one distally, over the vastus medialis. Participants
were instructed not to voluntarily contract their muscles and to
let the stimulator do the work. A total of 15 electrically elicited
contractions were applied. The amperage of the NMES unit was
gradually increased as tolerated during each session. To help
participants tolerate the NMES, we used coping strategies such
as ignoring pain and distraction (e.g., engaging in conversation
or asking the patient to visualize something pleasant) (30). The
intensity of NMES was calculated in percentage as the torque
generated during the NMES contraction divided by the torque
generated during a maximum voluntary isometric contraction
(MVIC). The MVIC torque output (expressed in Nm) of the quadri-
ceps muscles was assessed using an isokinetic dynamometer
(Biodex System 3 Pro) as described previously (26). NMES torque
output during training was determined with participants seated
on the same dynamometer chair that was used to test MVIC.
LabVIEW software was used to determine the NMES intensity,
which was calculated for each exercise session and averaged
across all sessions.

Volitional exercise was performed using exercise equipment
and was based on best evidence (9-11). The exercises targeted
mainly the quadriceps muscles and included leg extension and leg
press exercises on the respective machines. Prior to training, the
tester assessed the participants’ 1-repetition maximum (1-RM) for
leg extension and leg press. Volitional training was performed in a
pain-free range and consisted of 15 repetitions of each exercise
with 40% load, followed by 3 sets of 8 repetitions with a load of
80% of 1-RM. Each contraction was timed for a 2-second con-
centric load, a 2-second eccentric load, and a 3-second interval
between contractions. A 2-minute rest was provided between
each set. The intensity of volitional training was calculated in
percentage as the force produced during each repetition of the
exercises divided by the force produced during 1-BM testing. The
intensity was calculated for each exercise session and averaged
across all sessions for each participant.

To maintain exercise intensity in the volitional exercise group
at 80% of 1-RM and concurrently consider the expected increase
in muscle strength during physical training, participants were
asked to repeat the 1-BM test every 4 visits, and the exercise dose
was re-calculated based on the new 1-RM value. In the NMES
group, MVIC testing was also performed every 4 visits. Although
exercise was prescribed at maximal tolerance in the NMES group
irrespective of maximal effort, the MVIC test was repeated during
the same time interval as that in the volitional exercise group in
order to balance both groups for the number of tests of maximum
strength.

The NMES and volitional exercise training programs were
designed to have comparable time (attention) demands. NMES
sessions (without MVIC testing) took ~45 minutes (15 minutes
of NMES on each side plus 15 minutes of set-up time for the
dynamometer and NMES devices). The volitional training sessions
(without 1-RM testing) were also 45 minutes in length (11 minutes
for the leg extension machine for each leg, 6 minutes in the leg
press for each leg, and 11 minute set-up time).

Outcome measures were assessed at baseline and 4 months
after randomization and included quadriceps muscle structure
and function, physical function, feasibility, and myocyte character-
istics. Primary outcomes included muscle area and performance-
based physical function. The quadriceps muscle structure was
assessed by muscle area and density, using mid-thigh computer-
ized tomography (CT), as previously described (31).

Briefly, a 10-mm-thick axial image of the mid-thigh region was
obtained at the femoral midpoint. Scanning parameters were 120
kVp and 200-250 mA, and subjects were positioned the supine
neutral position. CT images were processed using Slice-O-Matic
software, which differentiates between muscle, fat, and bone tis-
sue based on their density measured in Hounsfield units (HU), with
water as the reference at 0 HU. Muscle density ranges from 0 HU
to 100 HU (higher values correspond to lower lipid content and
better muscle quality,) while adipose tissue density ranges from
—190 to =80 HU. The average muscle density (in HU) and muscle
cross-sectional area (cm?) were obtained. This method is reliable
and valid (32). Quadriceps muscle function was assessed as mus-
cle strength, using the MVIC test (33). Briefly, participants sat on
an isokinetic dynamometer (Biodex) with the knee at 70 degrees
of flexion and performed 5 trials of isometric knee extension. The
3 trials with the highest torque were averaged.

Physical function was measured using a battery of
performance-based tests and patient-reported outcomes.
Performance-based tests included 1) self-selected gait speed
performed in a 4-meter pathway; 2) timed chair stand, which
involved timing 5 repetitions of rising to a full upright position and
sitting back down in a chair; 3) single-leg stance, which entails
timing participants balancing on 1 leg while keeping their hands
on the waist (average of 3 trials per leg); and 4) stair climbing, dur-
ing which subjects are timed while climbing up 11 steps using the
handrail on the preferred side. These tests are reliable and respon-
sive to exercise interventions (33-37). Patient-reported outcomes
included the Lower Extremity Functional Scale (LEFS) and the
Health Assessment Questionnaire Disability Index (HAQ DI). The
LEFS is a valid questionnaire containing questions regarding an
individual’s performance in 20 general daily activities. The LEFS
score ranges from O to 80, with higher scores representing better
function (38). The HAQ Dl is valid and widely used in RA. The HAQ
Dlis used to assess 20 activities of daily living, with scores ranging
from O (functional disability) to 3 (severe functional disability) (39).

Measures of feasibility were leg pain (on a 0-10 numeric rat-
ing scale), disease activity (assessed by the Disease Activity Score
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in 28 joints [DAS28], and the erythrocyte sedimentation rate) (40),
attrition (the number of participants who completed the 4-month
assessment divided by the number of participants randomized
to each group), adherence (the number of intervention sessions
attended divided by the 36 sessions prescribed), and adverse
events. During the 4-month assessment, participants were asked
about the occurrence of adverse events during participation in
the study. The interventionists also documented discomfort or
change in health status during each intervention session.

In a subset of patients who agreed to undergo quadriceps
muscle biopsy, the following outcome measures were assessed
for descriptive purposes: 1) myocyte area (for all muscle fibers,
for high oxidative type | fibers, and for low oxidative type Il fibers);
2) intramyocellular lipid (IMCL) content (for all muscle fibers and
for fibers types | and Il); and 3) proportion of type | and type |I
muscle fibers. A description of biopsy and histochemical meth-
ods is shown in Appendix 1, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23602/abstract).

Sample size and statistical analysis. We predetermined
that with a sample size of 27 subjects per group, the study would

have 80% power (2-sided a = 0.05) to detect a 2.1 cm? between
groups in muscle area at 4 months. We used the SD for mus-
cle area (2.74 cm? from a previous publication) (26). When we
accounted for 10% attrition, the target recruitment size was 30
subjects per group.

We planned a priori to adjust the baseline characteristics of
the participants in the analysis if they were considered different
according to clinical relevance rather than statistical significance.
Within-group  pre-intervention to post-intervention changes
were assessed by paired t-tests. To obtain adjusted compari-
son of continuous outcomes between treatment arms, we fitted
an analysis of covariance model using change from baseline to
follow-up for each outcome as the response variable and treat-
ment arm as the main factor of interest, and adjusted for poten-
tial baseline characteristics. All tests were 2-sided with an alpha
level of 0.05 and were not corrected for multiple comparisons to
minimize Type 2 error. Primary analysis used intent-to-treat and
per-protocol approaches. For the descriptive aim, box plots were
used to characterize pre-intervention and post-intervention values
of myocyte area, proportion of muscle fibers according to fiber
type, and IMCL content by intervention. IBM SPSS version 23
was used for all plots and calculations.

Contacted research team (n = 331) |

_| Not Interested/did not consent to
) il telephone screening (n =175)
| Assessed for eligibility over the phone or in-person (n = 156) |
-
c
v Excluded (n=96)
E »|  Not eligible (n=65)
o Eligible but declined to
c participate (n=31)
Ll
| Baseline Exam (n = 60) |
_| Declined participation after baseline
) > but before randomization (n=1)
A
g | Randomized (n =59) |
B
(1]
v
< —
Allocated to NMES Allocated to Volitional
(n =31) (n=28
— v v
) 4 Months Exam (n = 24) 4 Months Exam (n = 26)
Lost to follow-up: (n=7) Lost to follow-up: (n =2)
a + Discontinued treatment after 3 » Discontinued treatment after 3
= visits due to fall injury at home visits due to RA flare (n=1)
% (n=1) ¢ Stopped attending treatment
3 * Stopped attending treatment after 13 visits and was not
- after 4 to 18 visits and were not reachable after at least 3
reachable after at least 3 communication attempts (n=1)
L communication attempts (n=6)

v

v

Included in Analysis (n=31)

| | Included in Analysis (n=28)

Figure 1. Study flow diagram. NMES = neuromuscular electrical stimulation; RA = rheumatoid arthritis.
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RESULTS

Among the 332 individuals who contacted the research
group, 156 expressed interest in participating and were screened
for eligibility over the phone (Figure 1). Among those subjects, 60
were eligible for participation and were invited to undergo baseline
testing. Because one of these subjects subsequently declined par-
ticipation, 59 subjects were randomized (31 to the NMES group
and 28 to volitional exercise group). In the NMES and volitional
exercise groups, 24 and 26 participants, respectively, completed
the study. The reasons for withdrawal are shown in Figure 1).
The baseline characteristics showed clinically important differ-
ences between groups for age and body weight (Table 1). Clini-
cally important differences were also observed for some outcome
measures at baseline (Table 2). Thus, between-group comparisons
were adjusted for baseline values for outcomes, age, and weight.

The within-group changes (from pre-intervention to post-
intervention) for muscle structure and function demonstrated sta-
tistically significant improvements in all outcome measures in both
groups (P < 0.001 to 0.019) (Table 2). The quadriceps muscle
area increased 3.60 cm? on average in both legs (right leg, 3.9
cm?; left leg, 3.3 cm?) in the NMES group and 2.65 cm? (right leg,
2.8 cm?; left leg, 2.5 cm?) in the volitional exercise group. Muscle

Table 1. Baseline demographics and clinical characteristics of the
participants*

NMES Volitional
(n=31) (n=28)

Age, mean = SD years 57.2+8.6 61.0+11.0
Female sex 25 (81) 23 (82)
Height, mean + SD cm 165.2+8.5 164.5 £ 8.1
Weight, mean + SD kg 88.1+20.4 81.1 £22.1
BMI, mean + SD kg/m2 324 +71 298+72
Race

White 27 (87) 22 (79)

Black 4(13) 6 (21)

Hispanic 0 1(4)
Education

High school or less 9(29) 6 (21)

Attended college 22(71) 22(79)
Employed 12 (39) 13 (46)
Smoker 4(13) 5(18)
Disease duration, 14.2 +10.7 171 +£11.0

mean + SD years
Disease activity, mean + SD

DAS28 41+13 3.8+ 1.1

ESR 23.2+16.1 284 +19.7
Leg pain, mean = SD 28+2.7 3.2+27

(0-10 scale)

* Except where indicated otherwise, values are the number (%).
NMES = neuromuscular electrical stimulation; BMI = body mass in-
dex; DAS28 = Disease Activity Score in 28 joints; ESR = erythrocyte
sedimentation rate.

density increased 1.55 HU (right leg, 1.5 HU; left leg, 1.6 HU left)
in the NMES group and 1.65 HU (right leg, 1.8 HU; left leg, 1.5
HU) in the volitional exercise group. Muscle strength increased on
average 14 Nm in both the NMES and volitional exercise groups.
The between-group differences were not statistically significant.

The within-group changes for performance-based physical
function were significant only for the stair climbing (shortened by
0.3 second; P = 0.034) and chair stand (shortened by 1.2 sec-
onds; P = 0.024) tests in the volitional exercise group (Table 2). For
the patient-reported outcomes, the only significant within-group
change was an increase of 4.2 points in the LEFS (P = 0.001) in
the NMES group. None of the between-group differences in phys-
ical function were statistically significant.

Feasibility analysis demonstrated that changes in leg pain
(0.2 in the NMES group and -0.6 in the volitional group; P =
0.620) and disease activity according to the DAS28 (-0.6 in the
NMES group and —0.3 in the volitional exercise group; P = 0.537)
were not different between groups. There were no serious adverse
events related to study participation. Minor adverse events due
to exercise participation included muscle soreness and joint pain,
but these resolved within days or weeks without requiring medical
attention. Participants attended a similar number of exercise ses-
sions, with a median adherence (Q25, Q75) of 36 (18,37) for NMES
and 36 (35,37) for valitional training (P = 0.100 by Wilcoxon’s test).
The attrition rate was 29% in the NMES group and 7% in the voli-
tional exercise group, and the difference was not significant (y* =
2.71, P =0.100). The average intervention intensity across all treat-
ment sessions for the NMES group was 30 + 19% of MVIC on
the right leg and 31 + 18% of MVIC on the left leg. In the volitional
exercise group, exercise intensity was 77 + 5% of the 1-BM on the
right leg and 76 + 4% of the 1-RM on the left leg.

For the descriptive aim, 17 participants in each group agreed
to undergo quadriceps muscle biopsy pre-intervention and post-
intervention. The average number of muscle fibers examined pre-
intervention was 127 (95% confidence interval [95% CI] 108-145),
and the average number examined post-intervention was 118
(95% CI 105-132). Changes in the proportion of muscle fibers from
pre-intervention to post-intervention were negligible. Before inter-
vention, the proportions of type | and type Il muscle fibers in the
NMES group were 63% and 37%, respectively. Post-intervention,
the proportions were 60% and 40%, respectively. In the volitional
exercise group, the proportions of type | and type Il muscle fibers
before intervention were 53% and 47%, respectively, and post-
intervention the proportions were 52% and 48%, respectively.

The myocyte area in type | and type Il fibers combined
increased slightly in both groups. Although the interquartile ranges
(IQRs) remained essentially unchanged in the NMES group (with
a slight upward shift in the volitional exercise group), the increase
in median values from pre-intervention to post-intervention did not
appear to be different between groups (276 [3,700 minus 3,424]
um? in the NMES group and 273 [3,103 minus 2830] pm? in the
volitional training group) (Figure 2). The changes in the NMES
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Figure 2. Myocyte areas of type | and type Il fibers in the neuromuscular electrical stimulation (NMES) group (n = 17 subjects) and the volitional
exercise group (n = 17 subjects), pre-intervention and post-intervention. A, Type | and type |l fibers combined. B, Type | fibers. C, Type Il fibers.
Data are shown as box plots. Each box represents the upper and lower interquartile range (IQR). Lines inside the boxes represent the median.
Whiskers represent the highest and lowest values no greater than 1.5 times the IQR. Circles and stars indicate outliers. Circles represent cases
with values 1.5-3 times the IQR; stars represent cases with values more than 3 times the I1QR.

group appeared to be mainly attributable to increases in the
area of type Il fibers, whereas in the volitional exercise group, the
changes seemed to be attributable to increases the number of
both type | and type Il fibers (Figure 2).

The IMCL content in combined type | and type Il muscle fibers
decreased slightly in both groups. The pre-intervention to post-
intervention change in IQRs for IMCL content appeared to be more
pronounced in the NMES group compared to the volitional exer-
cise group, with changes of =712 (4,740 minus 5,452) arbitrary
units (AU) in the NMES group and —31 (4,786 minus 4,817) AU in
the volitional exercise group (Figure 3). These changes appeared

to be driven by different effects of each intervention on fiber phe-
notype. In the volitional exercise group, decreases in IMCL content
were mainly observed in type | fibers, whereas in the NMES group
they were observed in both type | and type Il fibers (Figure 3).

DISCUSSION

This is the first study in RA to demonstrate no differences
in the effectiveness of NMES and volitional exercise training on
quadriceps muscle area, strength, and density. The increases
in muscle area were 7% in the NMES group and 6% in the voli-
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Figure 3. Intramyocellular lipid (IMCL) content in type | and type Il muscle fibers in the neuromuscular electrical stimulation (NMES) group (n =

17 subjects) and the volitional exercise group (n = 17 subjects), pre-intervention and post-intervention. A, Type | and Il fibers combined. B, Type
| fibers. C, Type Il fibers. Data are shown as box plots. Each box represents the upper and lower interquartile range (IQR). Lines inside the boxes
represent the median. Whiskers represent the highest and lowest values no greater than 1.5 times the IQR. Circles and the star indicate outliers.
Circles represent cases with values 1.5-3 times the IQR; the star represents cases with values more than 3 times the IQR. AU = arbitrary unit.
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tional exercise group. These increases were similar to improve-
ments observed in previous studies in RA (6-8%) in which
comparable high-intensity volitional exercise training was used
(13,14,29). The improvements in this study were slightly less
than those in studies in older and young healthy individuals (10—
11%) that used comparable volitional exercise training (41,42).
The changes in muscle quality of ~3% in both groups were
slightly less than those in healthy older adults (5%) (43). The
lower gains in muscle area and quality in patients with RA com-
pared to healthy subjects were probably due to the hypermet-
abolic state that renders RA patients more resistant to the ana-
bolic effects of exercise (10,29). The gains in muscle strength
in the NMES group and the volitional exercise group were 10%
and 9%, respectively; these improvements are similar to those
observed in healthy adults (10%) (41,42) but lower than those
observed in other studies in RA patients in which high-intensity
training was used (25%) (14,29). The greater gains in muscle
strength observed in previous studies in RA patients are prob-
ably because the duration of exercise training was 24 weeks
(14,29) versus 16 weeks in the current study and 12 weeks in
studies in healthy adults (41,42). Of note, the improvements in
muscle function in our study should be put in the context that
patients with RA who do not exercise lose ~0.7% of lean mus-
cle mass and 2% of muscle strength annually (28,29). Thus,
both NMES and high-intensity volitional resistance training can
be used as effective approaches to improve muscle structure
and function in patients with RA.

Despite similar improvement in muscle function in both
groups, the average intensity of the NMES was less than half
the intensity of volitional training (30.5% and 76.5% of maxi-
mum effort, respectively), which is a novel finding. This obser-
vation supports the notion that NMES affects muscle function
at relatively lower contraction intensities compared to volitional
exercise (17), which is probably due to their different patterns of
muscle activation. Volitional contractions follow the Henneman’s
size principle, which states that under load, the smallest moto-
neurons (supplying type | fibers) are activated first, and type |
fibers are activated last, and only reach their maximum force
production near maximal contractions (44). In contrast, NMES is
generally delivered at frequencies higher than the firing frequen-
cies of muscle fibers, which overrides the central nervous sys-
tem recruitment patterns and causes synchronous activation of
all motor units within the field of current (16,17,45,46). Because
NMES improves muscle function at lower intensities than voli-
tional training, it could be a viable alternative for promoting mus-
cle function in patients for whom high-intensity resistance exer-
cise may not be tolerated or is contraindicated.

An unexpected finding was that although both interventions
improved muscle structure and function, those improvements
barely influenced physical function. The explanation for this finding
is 2-fold. First, the exercise training in both intervention arms mainly
targeted the knee extensor muscles. However, the knee extensors

contribute only to a small-to-moderate degree to the functional
activities tested in this study (47,48). Second, the exercise programs
lacked specificity. According to the principle of training specificity,
in order to become better at a skill, one must perform that skill. To
that end, the only exercises in which skills similar to those used in
the performance-based tests were those in the volitional exercise
group (i.e., leg press and knee extension), which aligned with the
skills required for climbing stairs and rising from a chair.

Both exercise training regimens did not result in adverse
events or increased pain or disease activity. On the contrary, there
was a small decrease in pain (0.4 points [14%)]) and disease activ-
ity (0.5 [16%)]) in both groups. While the attrition rate was 3 times
(22%) higher in the NMES group compared with that in the voli-
tional exercise group, the majority (71%) of patients in the NMES
group tolerated the intervention well. Because both interventions
were administered under similar conditions (i.e., setting, interven-
tionist, time commitment), and the groups were similar regarding
characteristics related to attrition (education and employment sta-
tus [30]), we speculate that the higher attrition rate in the NMES
group was not attributable to study or participant factors but rather
to the discomfort associated with the noxious electrical stimulation.

Based on previous suggestions that NMES could have a
preferred effect on type Il muscle fibers (45,49), in the current
study we also sought to describe the effects of interventions on
muscle phenotype. This is particularly relevant in RA patients, in
whom muscle atrophy seems to predominantly affect type Il fibers
(20,21). Our findings suggested that increases in muscle area in
the NMES group were predominantly in type Il fibers, whereas in
the volitional training group, the size of both type | and type Il mus-
cle fibers increased similarly. These findings need further validation
in larger samples along with assessment of the clinical relevance
of selective hypertrophy of muscle phenotypes.

Limitations of this pilot study include the small sample size.
Although between-group differences in muscle and physical
function were very small and would likely not be significant in a
larger sample, the attrition rate was 3 times higher in the NMES
group, and differences would be significant in a larger sample.
Moreover, patients who withdrew also attended few sessions of
NMES. Thus, attrition and adherence are concerns when using
NMES. The small sample also resulted in imbalances between
groups in some baseline characteristics, which, despite adjust-
ments in the analyses, could still have influenced the results.
Additionally, the patients were not blinded to group assignment,
because such blinding would be difficult given the very different
natures of the interventions. Last, this study included patients
with moderate disease activity and mild functional limitations,
and the results may not be generalizable to populations of RA
patients who have severe disease and are more debilitated.
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Arthritis After Cancer Immunotherapy: Symptom Duration
and Treatment Response

Melanie H. Smith' and Anne R. Bass®

Objective. Musculoskeletal manifestations of immune-related adverse events (irAEs) after checkpoint inhibitor
immunotherapy for cancer remain incompletely characterized and poorly understood. A recently published case
series suggested that immunotherapy-induced arthritis is an aggressive process requiring high-dose corticosteroids.

Methods. This was a retrospective chart review of all patients with musculoskeletal irAEs first seen by one of the
authors between 2014 and 2016. All patients had been treated for a malignancy with immune checkpoint inhibitors
targeting PD-1 (nivolumab, pembrolizumab), PD-L1 (durvalumab), and/or CTLA-4 (ipilimumab, tremelimumab) at Me-
morial Sloan Kettering Cancer Center.

Results. We identified 10 patients with a mean + SD age of 63.2 + 9.7 years. Seven were treated with a combination of
checkpoint inhibitors and 3 with nivolumab monotherapy. Four patients developed inflammatory polyarthritis, 4 oligoarthri-
tis, and 2 tenosynovitis. Six were antinuclear antibody positive and 2 had anti—cyclic citrullinated peptide antibodies. Mean
+ SD time from the first dose of immunotherapy until joint involvement was 6.3 + 4.3 months. All 10 patients were treated
with systemic corticosteroids, but 6 of 10 required <20 mg per day of prednisone. Five patients received steroid-sparing
agents. Mean + SD time until resolution of joint symptoms after the last dose of immunotherapy was 9.2 + 6.1 months.

Conclusion. Musculoskeletal irAEs can manifest as a rheumatoid arthritis-like polyarthritis, oligoarthritis, teno-
synovitis, or polymyalgia rheumatica. Musculoskeletal symptoms can last more than a year, but they can generally be
managed with low to moderate doses of corticosteroids.

INTRODUCTION toxicities, termed immune-related adverse events (irAEs), vary
widely in terms of the tissue affected and the severity of the
reaction (mild/not requiring treatment to life-threatening) (3).
The most common include dermatologic (rashes), colitis, hep-
atitis, endocrinopathies, and pneumonitis. Rheumatic mani-
festations are reported in 6-8% of patients treated with single-
agent immunotherapy and 10% treated with dual checkpoint
inhibition (4), and can manifest as polyarthritis, tenosynovitis,
polymyalgia rheumatica (PMR), or sicca (5-7). Here we pres-
ent a series of 10 patients that experienced musculoskeletal
irAEs with long-term followup to illustrate the required dura-
tion of immunosuppressive treatment.

The introduction of checkpoint inhibitor immunotherapy
has fundamentally changed the treatment for multiple cancers.
Through the inhibition of PD-1, its ligand PD-L1, or CTLA-4,
the immune checkpoint inhibitors remove inherent inhibition
built into our immune system and allow for more robust antitu-
mor immune responses (1). Since the Food and Drug Admin-
istration (FDA) approval of ipilimumab, a monoclonal antibody
targeting CTLA-4 in 2011 (2), the number of cancers for which
checkpoint inhibitors have shown a survival benefit has grown
rapidly, and there are multiple clinical trials ongoing for the use
of these treatments in a variety of additional cancers.

By blocking the negative regulators of T cell activation that
are responsible for immune homeostasis, the major unwanted
effect of the immune checkpoint inhibitors is the risk of immune
over-activation and damage to healthy tissues. The resulting
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This was a retrospective chart review of all patients with
musculoskeletal irAEs first seen by one of the authors between
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SIGNIFICANCE & INNOVATIONS

* Musculoskeletal immune-related adverse events
(irAEs) occur later after initiation of immunothera-
py than other irAEs.

« Musculoskeletal irAEs often require treatment for
>6 months after discontinuation of immunother-
apy.

+ Musculoskeletal irAEs can often be managed with
low to moderate dose systemic corticosteroids.

February 2014 and October 2016 and was approved by our
local institutional review board. All patients had been treated for
a malignancy with immune checkpoint inhibitors targeting PD-1
(nivolumab, pembrolizumab), PD-L1 (durvalumab), and/or CTLA-4
(ipilimumab, tremelimumab) at Memorial Sloan Kettering Cancer
Center and were referred for management of joint pain through
a “fast track” program created by the senior author (ARB) that
enabled them to be seen within 1 week of referral. These patients
represent the large majority of the patients with musculoskeletal
irAEs seen at our institution during this period. Patients with irAEs
but without musculoskeletal complaints were excluded from this
case series. The diagnoses of inflammatory arthritis and tenosyn-
ovitis were made based on clinical examination of the joints and/
or tendons. Oligoarthritis was defined as involvement of 4 or fewer
joints, and polyarthritis by involvement of 5 or more joints. Auto-
immune serologies were available for 8 patients, but no patient
had serologic testing prior to immunotherapy. Cancer outcomes
were reported by the patients’ primary oncologist based on clini-
cal assessment and cross-sectional imaging.

RESULTS

Patient demographics and clinical presentation are shown in
Table 1. The mean + SD age was 63.2 + 9.7 years and 50% were
female. Four patients received treatment for melanoma, 2 for non—
small cell lung cancer, and 1 each for anal, cervical, Merkel, and
renal cell carcinoma. Four patients received combination therapy
with both PD-1/PD-L1 and CTLA-4 inhibition. Four patients were
treated with a sequential therapy of different checkpoint inhibitors,
and 3 received nivolumab monotherapy. Patient 2 was also treated
with an anti—killer cell immunoglobulin-like receptor (KIR) therapy
(lirilumab). Patient history was notable for mild symptoms of PMR
prior to the diagnosis of cancer in patient 5. Two patients had first-
degree relatives with autoimmune diseases: patient 4 had a daugh-
ter with lupus and patient 8 had a sister with rheumatoid arthritis
(RA).

Four patients developed inflammatory polyarthritis on
immunotherapy, 4 oligoarthritis, and 2 tenosynovitis. Patient 1
had a grade 3 musculoskeletal irAE; all other irAEs observed
were grade 1-2. Of the 10 patients, 1 had features of PMR and 2
patients had concomitant keratoconjunctivitis sicca (Sjogren’s).
None of the patients had conjunctivitis, uveitis, or iritis. Seven
patients had other irAEs: 3 with hypophysitis, 2 each with coli-
tis, hepatitis, and hypothyroidism, as well as individual cases of
peripheral neuropathy and prostatitis. Five patients had more
than 1 additional irAE. Of the 8 patients with serologic data, 6
were antinuclear antibody (ANA) positive (low titer), and 2 had
anti-cyclic citrullinated peptide (anti-CCP) antibodies (1 of which
was high titer).

Time of onset, treatment, and duration can be seen in Table 2.
The mean + SD time from first dose of immunotherapy until any irAE

Table 1. Patient demographics and clinical presentation®
Case Age Sex Malignancy CTLA4 PD-1 Poly. Oligo. Tenosyn. Joints Comments Other
1 57 M NSCLC X X X Wrists De Hypophysitis,
Quervain’s, dermatitis
ANA+
2 74 F Melanoma X X Wrist, ANA+ Neuropathy
shoulder
3 67 M Melanoma X X X RA, Sjogren’s
56 F Melanoma X X X Knees, ankles  ANA+ Hepatitis, colitis,
5 63 Anal X X X PMR, ANA+, Hypothyroid
CCP+
6 47 Cervical X X X Knees, ankles
68 F Melanoma X X X Colitis, hypothyroid,
hypophysitis
8 60 M NSCLC X X RA, ANA+
9 81 M Merkel X X RA, CCP+ Psoriasis,
Parkinsonism
10 59 M  Renal X X X Knee Sjogren’s, Hepatitis, prostatitis,
ANA+ hypophysitis

* Poly. = polyarthritis; Oligo. = oligoarthritis; Tenosyn. = tenosynovitis; NSCLC = non-small cell lung cancer; ANA = antinuclear antibody; RA =
rheumatoid arthritis; PMR = polymyalgia rheumatica; CCP = cyclic citrullinated peptide.
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Table 2. Onset, treatment, and duration of musculoskeletal irAE*

Max. Months to
prednisone Other Duration of resolution after Cancer
Case dose (mg) medications  Onset, months [T, months Reason IT stopped IT stopped outcome
1 10 daily, TSI HCQ I 20 Persistent de I Progression
Quervain's
10 daily, IA 4 14 New breast cancer 13 Stable
3 20 twice Infliximab 7 9 Progression 3 Progression
daily, 1A
4 20in am, 10 Celecoxib 4 2 Fevers (IT reaction) Ongoing (3 mos) Recurrence
in Pm
5 15 daily 1 8 Progression Ongoing (9 mos) Progression
6 60 daily 14 16 Progression Ongoing (3 mos) Progression
7 20 daily, 1A 9 8 NED 18 Remission
8 10 daily HCQ, SSZ 1 11 Progression Ongoing (15 mos) Stable
9 20 daily, 1A MTX 4 8 NED 8 Remission
10 50 daily MMFE 8 8 Nonmusculoskeletal 2 Remission
iIrAE

*irAE = immune-related adverse events; IT = immunotherapy; TSI = tendon sheath injection; HCQ = hydroxychloroquine; IA = intraarticular
steroid injection; NED = no evidence of disease ; SSZ = sulfasalazine; MTX = methotrexate; MMF = mycophenolate mofetil.

was 4.8 + 3.8 months, whereas mean + SD time from first dose
of immunotherapy until joint involvement was 6.3 + 4.3 months,
median 5.5 months (range 1—-14 months). The 2 patients with the
shortest interval between immunotherapy and the onset of muscu-
loskeletal irAEs were patient 5, who had mild PMR-like symptoms
prior to immunotherapy, and patient 8, who had a sister with RA.

All 10 patients were treated with systemic corticosteroids
for their arthritis or tenosynovitis. Patients generally advocated
for the lowest dose of steroid possible, both to minimize interfer-
ence with trial protocols and to maximize the efficacy of immu-
notherapy. Six of the 10 patients had good symptom control
with <20 mg prednisone daily. Three patients were started on
disease-modifying antirheumatic drugs (DMARDs), and 1 patient
required a tumor necrosis factor inhibitor (infliximab) to allow
tapering of steroids. Patient 10 had onset of prostatitis, followed
in a matter of weeks by severe knee arthritis, and Sjdgren’s with
periorbital edema and pain in bilateral parotid glands. These
irAEs were initially treated with high-dose corticosteroids, and
mycophenolate mofetil was started as a steroid-sparing agent,
but he then developed autoimmune hepatitis that required addi-
tional high-dose steroids.

Six of the patients had resolution of musculoskeletal symp-
toms and discontinued treatment (generally prednisone) an aver-
age of 9.2 + 6.1 months after the last dose of immunotherapy. A
single patient stopped immunotherapy due to the severity of the
musculoskeletal irAE (bilateral de Quervain’s tenosynovitis). Four
patients continued to be treated for their arthritis at the time of last
rheumatology followup. Patient 10 required ongoing treatment for
nonmusculoskeletal irAEs.

All patients were alive at the time of manuscript submis-
sion. Five patients had progression or recurrence of their cancers

requiring conventional chemotherapy, surgery, and/or radiation.
Two patients had stable cancer and 3 were in remission.

DISCUSSION

Our case series demonstrates that patients experiencing
musculoskeletal irAEs can have a wide variety of manifestations
from oligoarthritis and tenosynovitis, to PMR, to a polyarthritis
consistent with RA. These irAEs had a delayed onset after ini-
tiation of immunotherapy, and the majority of patients required
prednisone 10-20 mg daily for at least 6 months to control their
symptoms. Six patients had a positive ANA without evidence of
systemic lupus erythematosus, and 2 patients were CCP positive,
1 with polyarthritis and 1 with oligoarthritis.

Compared to other common irAEs, musculoskeletal irAEs
appear to have a later onset. For example, skin involvement
is typically observed first, 2—4 weeks after initiation of immu-
notherapy, followed by colitis at 4-6 weeks, and finally endo-
crinopathies and hepatitis, which begin at 6-8 weeks, but may
not become clinically apparent until later (8). For rheumatologic
irAEs, the removal of immune inhibition may unmask native dis-
ease, and the delayed onset of symptoms may reflect a pre-
clinical phase similar to that seen in non-immunotherapy-related
rheumatic disease. The 2 patients with the shortest time until
onset of musculoskeletal symptoms (patients 5 and 8) either had
symptoms prior to initiating immunotherapy or a strong genetic
predisposition, and could have already had preclinical disease
prior to immunotherapy. Alternatively, it is also possible that early
musculoskeletal symptoms were masked by steroids that were
used to treat earlier life-threatening irAEs (as was required in
patients 4, 7, and 10).
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IrFAEs commonly require treatment with immunosuppres-
sion; almost one-third of patients treated with ipilimumab required
systemic corticosteroids in one study (9). In contrast to an earlier
case series that suggested that high-dose steroids are required
for arthritis control (5), we found that lower doses of prednisone
were usually adequate. More aggressive treatments were gener-
ally given to patients with other, more life-threatening irAEs and
were not often given exclusively for the treatment of musculoskel-
etal symptoms.

With treatment and cessation of immunotherapy, resolution
of most irAEs has been reported to be on the order of 1-2 months
(10). The exception is endocrinopathies, which may not resolve
and may require life-long hormone replacement. Based on our
case series, the duration of musculoskeletal irAEs appears to be
much longer: the mean symptom duration after stopping immu-
notherapy was 9 months. Although this is much longer than would
be expected based on a serum half-life of 12-20 days, pharma-
cokinetic studies suggest that PD-1 receptor occupancy is >2
months in patients receiving nivolumab (11). Alternatively, the long
duration of symptoms may be due to the unmasking or stimula-
tion of native rheumatologic disease. A significant strength of our
study is the length of followup.

Increasingly, patients are being treated with combination
immunotherapy, and over one-third must stop therapy due to
severe irAEs (4,12). In our study, only 3 patients stopped therapy
due to adverse reactions (only 1 of these was a musculoskeletal
irAE and 1 was due to fevers). This difference is likely because
this case series focuses on musculoskeletal irAEs that are most
commonly grade 1-2. In addition, this series may have been
biased toward cases of milder arthritis because all patients were
seen in the outpatient setting. Future research should focus on
differentiating the pathways responsible for antitumor immune
activity versus irAEs to develop more targeted therapies. Data
extracted from recent clinical trials suggest that this may be
possible: treatment of irAEs does not decrease the antitumor
effect (9), and patients with preexisting autoimmune diseases do
not appear to have a higher risk of irAEs than other patients (13).

IrAEs such as hypophysitis, which are common follow-
ing immunotherapy but rare in other contexts, suggest a
pathogenesis that is treatment specific (hypophysitis is most
commonly seen with ipilimumab, possibly due to pituitary
expression of the CTLA-4 antigen [14], but it has also been
reported in patients receiving PD-1 inhibitors [15]). In con-
trast, musculoskeletal irAEs are heterogeneous (polyarthritis,
monoarthritis, tenosynovitis) and suggest that patient-specific
factors are critical in defining phenotype while their occur-
rence is the result of increased immune activity in general.
One study that described irAEs in 30 patients with preexisting
autoimmune disease who received ipilimumab for advanced
melanoma found that only half developed irAEs, but 5 of 6
patients with RA had a flare (13). This suggests that patients
with rheumatic autoimmune conditions have an increased risk

of disease flare in the setting of checkpoint inhibition. How-
ever, these flares can often be managed medically and do not
have to stand in the way of life-saving cancer treatment.

In summary, musculoskeletal irAEs tend to occur relatively late
after initiation of immunotherapy, and symptoms typically require
treatment for greater than 6 months. They may represent unmasking
or stimulation of native disease and patient-related genetic factors
likely play a role in determining the form that immunotherapy-
induced arthritis takes. Patients treated with checkpoint inhibitors
may be useful models for the study of early rheumatic disease.
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Safety of Ixekizumab in Patients With Psoriatic Arthritis:
Results From a Pooled Analysis of Three Clinical Trials
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Objective. To evaluate ixekizumab safety in adults with psoriatic arthritis (PsA).

Methods. Safety data from 2 integrated data sets are presented: 1) 24-week, double-blind, placebo-controlled
period of SPIRIT-P1 and SPIRIT-P2; and 2) all ixekizumab-treated patients of SPIRIT-P1 and SPIRIT-P2 plus
SPIRIT-P3 open-label period. We report adverse event (AE) frequency and exposure-adjusted incidence rates per 100
patient-years at 12-week intervals to week 96.

Results. The placebo-controlled period had 678 patients (safety population): 224 placebo, 229 ixekizumab every
4 weeks, and 225 ixekizumab every 2 weeks. Overall, 1,118 patients received ixekizumab (total exposure 1,373.4 patient-
years). In the placebo-controlled period, the frequencies of ixekizumab-treated patients experiencing >1 treatment-emergent
AE (TEAE) and those experiencing serious AEs were 68.1% (56.7% placebo) and 4.4% (2.7 % placebo), respectively. Injec-
tion site reactions (ISRs) were very common (21.4% ixekizumab [4.5% placebo]), with ISR discontinuation rates of 1.1%
(ixekizumab) and 0.4% (placebo). Through week 96, the incidence rates of ISRs decreased with increasing ixekizumab ex-
posure. The frequencies of AEs of special interest were 32.8% (ixekizumab) and 27.7 % (placebo); for serious infections, the
frequencies were 1.3% and 0%, respectively; Candida infections, 2.6% and 0.4%; confirmed major adverse cardiac events,
0% and 0%; malignancy, 0.4% and 0%; hypersensitivities, 5.3% and 1.8%; and depression-related, 1.8% and 1.3%. The
frequency of Crohn’s disease and ulcerative colitis (investigator-reported) was 0% in both groups, and the frequencies of
sponsor-determined inflammatory bowel disease were 0.2% in the ixekizumab group and 0% in the placebo group. Over-
all, no active tuberculosis, invasive Candida infections, anaphylaxis, or suicide/self-injury behaviors were reported.

Conclusion. The PsA ixekizumab safety integrated data set reached 1,373.4 patient-years total exposure.
Ixekizumab-treated patients had higher rates of overall TEAES, serious infections, mucocutaneous Candida, hypersen-
sitivities (non-anaphylactic), and ISRs than placebo-treated patients. No unexpected safety outcomes were reported.

INTRODUCTION

Interleukin-17A (IL-17A) is a therapeutic target for pso-
riasis and psoriatic arthritis (PsA) given its role in pathologi-
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Secukinumab was the first IL-17A inhibitor approved for the
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SIGNIFICANCE & INNOVATIONS

* Results from 1,373.4 patient-years of ixekizumab
exposure in patients with psoriatic arthritis (PsA)
are reported.

+ A major strength of this study is that it combines 2
data sets, each of which has its own advantages. The
placebo-controlled period data set allows compari-
sons with placebo in a data set combining all data
available to date. The all ixekizumab-treated data
set is larger, with increased numbers of patients and
longer durations of exposure, allowing detection of
adverse events that occur less frequently than in the
placebo-controlled period data set, and enabling
assessment of how the incidence rates of adverse
events of special interest evolve over time.

+ Overall, treatment-emergent adverse events, injec-
tion site reactions, serious infections, mucocutane-
ous (but not systemic) Candida infection, and hyper-
sensitivities (non-anaphylactic) were observed more
frequently in the ixekizumab group than in the pla-
cebo group.

The safety profile of ixekizumab for the treatment

of PsA was consistent with the known safety profile

of ixekizumab for the treatment of patients with
moderate-to-severe plaque psoriasis, and no unex-
pected safety signals were observed.

trial, ixekizumab was shown to be superior to placebo for reduc-
ing disease activity and radiographic disease progression and
for improving physical function and patient-reported quality of
life in biologic-naive patients with active PsA (5). In SPIRIT-
P2, in which patients with active PsA who previously had an
inadequate response to a tumor necrosis factor inhibitor (TNFi)
were enrolled, ixekizumab was also effective for improving the
signs and symptoms of PsA (6), with a safety profile consistent
with those seen in studies involving ixekizumab treatment in
patients with PsA and psoriasis (5,7-9).

The benefit/risk profile is an important consideration for
any drug. Given the role of IL-17A in host immunity, safety
considerations for IL-17A inhibitors include an increased risk
of certain types of infections, including mucocutaneous Can-
dida and upper respiratory tract infections (10-13). Inflam-
matory bowel disease (IBD) is also a potential concern with
regard to IL-17 inhibitors, based on unexpected findings in
studies in which an IL-17 inhibitor was used (14,15). Gen-
eral concerns more broadly for immunomodulatory agents,
such as a TNFi, include serious infections (active tuberculosis
[TB]), malignancies, and major adverse cardiovascular events
(MACE) (16-18). Monoclonal antibody treatment may cause
hypersensitivity, including anaphylaxis (16). Short- and long-
term safety analyses using integrated data sets from clini-
cal trials were reported for ixekizumab and secukinumab in
patients with plaque psoriasis (9,19). In the current study, we

report an integrated safety analysis of ixekizumab in patients
with active PsA, using data pooled from phase I trials.

PATIENTS AND METHODS

Patients and study design. Data were derived from SPIRIT-
P1 (ClinicalTrials.gov identifier: NCT01695239) (5), SPIRIT-P2
(ClinicalTrials.gov identifier: NCT02349295) (6), and SPIRIT-P3
(ClinicalTrials.gov identifier: NCT02584855) (Table 1). Supplemen-
tary Listing 1 (available on the Arthritis Care & Research web site
at  http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/abstract)
shows key enrollment criteria. SPIRIT-P1 and SPIRIT-P2 are ran-
domized, double-blind, placebo-controlled, phase Il trials involv-
ing patients with active PsA (5,6) (for details, see Supplementary
Text 1, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/abstract).
SPIRIT-P3 is a phase lll study with a 36-week to 64-week open-
label treatment period during which the effects of treatment with
ixekizumalb administered every 2 weeks were examined, followed
by a randomized withdrawal period in patients with active PsA who
have an inadequate response to a conventional disease-modifying
antirheumatic drug (cDMARD) and also are biologic DMARD
(bDMARD)—naive. SPIRIT-P3 is ongoing; therefore, only data from
the open-label period are included. SPIRIT-P2 is also ongoing.

Integrated data sets. The placebo-controlled period data
set contains data from the placebo-controlled periods (week O
through week 24) of SPIRIT-P1 and SPIRIT-P2 but excludes
data observed after week 16 for week-16 inadequate respond-
ers. Adalimumab was used during the placebo-controlled period
of SPIRIT-P1 only. Results for adalimumab are not presented
herein, because the adalimumab safety profile in SPIRIT-P1 was
previously reported (5). The all ixekizumab-treated data set con-
sists of available ixekizumab safety data for ixekizumab-exposed
patients during all treatment periods of SPIRIT-P1 and SPIRIT-P2
and the open-label period of SPIRIT-P3.

The interim database locks used in this study for the
placebo-controlled period data set were September 15, 2016
(SPIRIT-P1) and September 30, 2016 (SPIRIT-P2). For the all
ixekizumab-treated data set, the database locks were Febru-
ary 22, 2017 (SPIRIT-P1 and SPIRIT-P3) and April 26, 2017
(SPIRIT-P2).

Safety evaluations. For the safety analyses, we used
data from the PsA Safety Population, defined as all random-
ized patients who received >1 dose of study drug (placebo-
controlled period data set) and all patients who received >1
dose of ixekizumab (all ixekizumab-treated data set). Adverse
events (AEs) are presented based on Medical Dictionary for
Regulatory Activities (MedDRA) versions 19.0 and 19.1. A
treatment-emergent AE (TEAE) was defined as an event that
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point at week 24

erosion, or a CRP
level >6 mg/liter)

Extended and long-term
treatment period (week
24 to week 156)

Table 1. Overview of the clinical trials*
Treatments according to
Study Study description Population study periodt Statust
SPIRIT-P1 Multicenter, ran- Adult bDMARD-naive Double-blind placebo- 24- and 52-week
(ClinicalTrials.gov domized, double- patients with active controlled treatment analyses com-
identifier: blind, active and PsA (meet CASPAR period (week 0 to week pleted; ongoing
NCT01695239), placebo-controlled, criteria and >3 of 68 24) long-term exten-
pivotal, phase Il parallel-group study tender and >3 of IXE 80 mg Q4W sion treatment
followed by 66 swollen joints, IXE 80 mg Q2W period
long-term exten- >1 disease-related ADA 40 mg Q2W
sion; primary end hand or foot joint Placebo

IXE 80 mg Q4W
IXE 80 mg Q2W
SPIRIT-P2 Multicenter, ran- Adult patients who are  Double-blind placebo- 24-week analysis
(ClinicalTrials.gov domized, double- both bDMARD-and controlled treatment completed;
identifier: blind, cDMARD- period (week 0 to week ongoing extension
NCT02349295), placebo-controlled, experienced and 24) treatment period
pivotal, phase llI parallel-group study have active PsA IXE 80 mg Q4W (week 52 database
followed by (meet CASPAR IXE 80 mg Q2W lock and analysis
long-term exten- criteria, and >3 of 68 Placebo completed)
sion; primary end tender and >3 of 66 Extension treatment period
point at week 24 swollen joints) (week 24 to week 156)
IXE 80 mg Q4W
IXE 80 mg Q2W
SPIRIT-P3 Multicenter, ran- Adult patients with Open-label treatment Ongoing
(ClinicalTrials.gov domized, double- active PsA (meet period (week 0 to weeks
identifier: blind withdrawal CASPAR criteria, =3 36-64)
NCT02584855), study, preceded by of 68 tender, and >3 IXE 80 mg Q2W

support, phase 111§

36-week open-label
treatment period

of 66 swollen joints)
who are cDMARD-
inadequate re-
sponders and also
bDMARD-naive

Randomized double-blind
withdrawal period (after
week 36)

Patients meeting MDA for 3
months and had received
IXE 80 mg Q2W for 26
monthsq

IXE 80 mg Q2W

Placebo

Patients who no longer
met MDA and had
received IXE 80 mg
Q2we

Patients who did not meet
MDAS|

IXE 80 mg Q2W

* bDMARD = biologic disease-modifying antirheumatic drug; PsA = psoriatic arthritis; CASPAR = Classification Criteria for Psoriatic Arthritis;
CRP = C-reactive protein; cOMARD = conventional DMARD; MDA = minimal disease activity.

t During week 16 in SPIRIT-P1 and SPIRIT-P2, inadequate responders received rescue therapy as defined in the protocols, which is a modifica-
tion of allowed concomitant medications. At week 16, inadequate responders who were originally assigned to adalimumab (ADA) or placebo
were re-randomized 1:1 to receive either ixekizumab (IXE) 80 mg every 2 weeks (Q2W) or every 4 weeks (Q4W), and those who were originally
assigned to IXE 80 mg Q2W or Q4W continued their originally assigned dosing regimen up to week 24.

t Status at the time of the data cutoff date for the safety summary described in this report.

§ Safety data from the open-label treatment period of SPIRIT-P3 are included in the analyses presented in the safety summary described in this
report.

9 According to a report by Coates et al (27), “A patient is classified as achieving minimal disease activity (MDA) when meeting 5 of the 7 follow-
ing criteria: tender joint count <1; swollen joint count <1; Psoriasis Activity and Severity Index <1 or body surface area <3; patient pain visual
analog score (VAS) score <15; patient global disease activity VAS <20; Health Assessment Questionnaire <0.5; tender entheseal points <1.”

first occurred or worsened in severity after the start of study
treatment (baseline) and on or before the date of the last visit
within the treatment period. The maximum severity for each

TEAE during the baseline period was used as baseline severity.
TEAEs were assigned to the treatment period during which
they were considered treatment-emergent.
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A serious AE (SAE) was defined as an event causing
death, initial or prolonged inpatient hospitalization, a life-
threatening experience, persistent or significant disability/
incapacity, congenital anomaly/birth defect, or any other event
considered by the investigator to be significant. AEs of spe-
cial interest (AESIs) were prespecified, and selected AESIs are
described in the current study. Injection site reactions (ISRs),
in the plural form, refers to a grouping of injection site-related
TEAEs based on a prespecified list of terms, whereas ISR, in its
singular form, refers to the individual preferred term (PT). The
grouping of ISRs included all PTs defined by ISR-related high-
level terms in the MedDRA dictionary and excluded 10 joint-
related PTs. The number of the PTs in ISR grouping depends
on the MedDRA version. In MedDRA version 19.1, the ISRs
high-level term includes 78 PTs; therefore, the ISRs grouping
included 68 PTs.

For neutrophils, the lower limit of normal (2.0 x 10%liter)
was defined conservatively as an increment above Common
Terminology Criteria for Adverse Events grade 1, equal to incre-
ments defining grades 1 through 4. Shift tables were produced
for neutrophils: normal 2.0 x 10%liter; grade 1 <2.0 x 10%liter
to 1.5 x 10%liter; grade 2 <1.5 x 10%liter to >1.0 x 10%liter;
grade 3 <1.0 x 10%liter to >0.5 x 10%liter; and grade 4 <0.5 x
10%liter.

Infections temporally associated with neutropenia were
defined as infections with an onset date <14 days before or after
the date of laboratory-identified neutropenia. Cerebrocardiovas-
cular events, including MACE, were externally adjudicated by the
Clinical Events Committee (CEC) at the Cleveland Clinic.

TB testing was conducted at baseline and then at yearly
intervals in patients with no history of TB infection. In SPIRIT-P1,
patients who had a post-baseline positive TB test during yearly
testing were required to discontinue ixekizumab treatment. In
SPIRIT-P2 and SPIRIT-P3, patients were allowed to continue if
active TB was excluded and if they received a full course of latent
TB treatment with no evidence of hepatotoxicity.

Statistical analysis. Overall exposure was summarized
in total patient-years, calculated as follows: patient-year = sum
of duration of ixekizumab exposure (days) for all patients in the
treatment group/365.25. TEAEs were summarized by frequen-
cies and incidence rates (IRs). For AESIs that maintained a
constant hazard rate over the treatment period, the exposure-
adjusted IRs of the entire treatment period were also analyzed.
The slope of the hazard rate plot for each AESI was visually
assessed. If the line was approximately flat, the hazard rate
was considered constant. IRs were calculated by dividing the
total number of patients experiencing the TEAE for each PT by
the sum of all patients’ time (in 100 years) of exposure during
the treatment period. The entire time on study during the treat-
ment period was used for the calculations. IRs are expressed
as the IR (95% confidence interval [95% CI])/100 patient-years.

For the placebo-controlled period data set, treatment com-
parisons for categorical data (frequency) were analyzed using
the Cochran-Mantel-Haenszel test, stratified by study. For the
all ixekizumab-treated data set, the number and percentage of
patients and the exposure-adjusted IRs are presented by 12-
week intervals from week 0 to week 96 for patients with >1 TEAE,
patients with >1 TEAE in each system organ class group, and for
individual AESIs.

RESULTS

Baseline characteristics and exposure. Overall, 454
ixekizumab-treated patients (193.8 patient-years) and 1,118
ixekizumab-treated patients (1,373.4 patient-years) were included
in the placebo-controlled period data set (Table 2) and the all
ixekizumab-treated safety data set, respectively (see Supplemen-
tary Table 1, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/abstract);
between-group demographics were similar in the placebo-
controlled period data set. The median numbers of ixekizumab
injections were 7 (range 2-14) during the placebo-controlled
period and 19 (range 1-79) among all ixekizumab-treated patients.
Supplementary Table 2 (available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/

abstract) shows study drug exposure.

Safety overview. Placebo-controlled period. The overall
incidence of TEAEs in both ixekizumab groups was higher than
that in the placebo group (Table 3). The most common TEAEs
in the total ixekizumab group were ISRs, upper respiratory tract
infection, and erythema at the injection site (Table 3). The fre-
quencies of patients experiencing >1 SAE tended to be higher
in the ixekizumab groups compared with those in the placebo
group (Table 3). No SAE term was reported for >1 patient. Similar
numbers of patients in the total ixekizumab and placebo groups
discontinued treatment because of AEs. There were no clinically
meaningful (author assessment) differences between ixekizumab
doses for overall TEAEs, SAEs, or treatment discontinuation
(Table 3). There were no deaths.

All ixekizumab-treated. When AEs were analyzed in 12-
week intervals (week O to week 96), the IR of overall TEAEs
decreased with longer ixekizumab exposure (Figure 1A). The
most common TEAEs were ISRs, upper respiratory tract in-
fection, and nasopharyngitis. When overall SAEs were analyz-
ed at 12-week intervals, there was some variation in IRs, but
there was no clinically meaningful increase in the exposure-
adjusted IR with longer ixekizumab exposures (Figure 1B).
SAEs that occurred in >1 patient were cholelithiasis (IR 0.3
[95% CI 0.1-0.8]/100 patient-years); pneumonia (IR 0.2 [95%
Cl 0.1-0.7]/100 patient-years); and lower respiratory tract
infection, acute cholecystitis, latent TB, esophageal can-
didiasis, carotid artery stenosis, cerebrovascular accident,
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Table 2. Demographic and baseline characteristics of patients included in the placebo-controlled period data set (SPIRIT-P1 and

SPIRIT-P2), according to treatment group*®

Placebo IXEQ4W IXEQ2W Total IXE
Characteristic (N =224) (N =229) (N =225) (N = 454)

Age, mean + SD years 51.1+11.33 509+ 12.16 509+ 12.22 50.9+12.18

>65 years, no. (%) 25(11.2) 34(14.8) 35(15.6) 69 (15.2)
Sex, no. (%)

Male 104 (46.4) 108 (47.2) 97 (43.1) 205 (45.2)

Female 120 (53.6) 121 (52.8) 128 (56.9) 249 (54.8)
White race, no. (%)t 207 (92.4) 213 (93.0) 208 (92.9) 421 (92.9)
Weight, mean + SD kg 88.0 £ 21.58 87.8 £22.54 83.5+19.25 85.7+21.06
BMI, mean + SD kg/m?t 30.6+7.25 30.6+773 29.4+6.70 30.0 £ 7.26
Tobacco use, no. (%)* 72 (32.3) 89 (38.9) 86 (38.1) 175 (38.5)
cDMARD-experienced, no. (%)8 121 (54.0) 128 (55.9) 136 (60.2) 264 (58.0)
MTX at baseline, no. (%)8 99 (44.2) 105 (45.9) 114 (50.4) 219 (48.1)
Corticosteroids at baseline, no. (%) 31(13.8) 29 (12.7) 44 (19.6) 73 (16.1)
Time since PsA onset, mean + SD years$ 10.4+8.55 11.7 £10.21 10.9 £9.04 11.3+9.65
Time since psoriasis onset, mean + SD years§ 175 £12.71 18.3+£13.17 18.6 £13.68 18.5+13.41
Active psoriasis with BSA >3%, no. (%)9] 134 (65.0) 141 (67.1) 127 (63.8) 268 (65.5)
No. of tender joints (68 assessed), mean + SD¥ 21.2+14.88 21.3+13.88 23.4+1597 22.4+14.98
No. of swollen joints (66 assessed), mean + SD¥ 10.4 £7.29 12.3+9.90 12.9+9.79 12.6 £9.84
CRP >6 mg/liter, no. (%)% 122 (55.0) 129 (57.1) 107 (47.3) 236 (52.2)

* Unless indicated, data are from the safety population. BMI = body mass index; BSA = body surface area; MTX = methotrexate

(see Table 1 for other definitions).

t Data are missing for some patients; the actual denominator of a particular baseline measure is the number of patients with

no missing data for baseline measures.

} Baseline data are missing for some patients; the actual denominator of a particular baseline measure is the number of patients
with no missing data for baseline measures. Data are from the intent-to-treat (ITT) population (226 for IXEQ2W and 455 for total IXE).
8§ Data are from the ITT population (226 for IXEQ2W and 455 for total IXE).

9 Among patients with plaque psoriasis in the ITT population (206 for placebo, 210 for IXEQ4W, 199 for IXEQ2W, and 409 for

total IXE).

transient ischemic attack, fall, meniscus injury, acute myo-
cardial infarction, unstable angina, coronary artery disease,
lumbar spine stenosis, and osteoarthritis (IR 0.1 [95% CI
0.0-0.6]/100 patient-years each). Four deaths (IR 0.3 [95%
Cl 0.1-0.8)/100 patient-years) were reported (pneumonia
[pathogen not identified], cerebrovascular accident, cardio-
respiratory arrest, and drowning). TEAEs causing ixekizumab
discontinuation included positive results of an interferon-y re-
lease assay (IR 0.7 [95% CI 0.4-1.4]/100 patient-years); latent
TB (IR 0.4 [95% CI 0.2-1.0]/100 patient-years); ISRs (IR 0.3
[95% CI 0.1-0.8]/100 patient-years); positive tuberculin test
(IR 0.2 [95% CI 0.1-0.7]/100 patient-years); and pneumonia,
myalgia, and cerebrovascular accident (IR 0.1 [95% CI 0.0-
0.6]/100 patient-years each).

AEs of special interest. Infections. Placebo-controlled
period. The frequency of patients with >1 infection-related TEAE
was slightly higher in the total ixekizumab group than in the pla-
cebo group and was similar in the 2 ixekizumab dosage groups
(Table 3). The most common infections occurring in ixekizumab-
treated patients included upper respiratory tract infection, naso-

pharyngitis, and sinusitis. Six ixekizumab-treated patients (5 in the
group that received ixekizumab every 2 weeks and 1 in the group
that received ixekizumab once every 4 weeks) experienced >1
serious infection (none occurred in the placebo group); no seri-
ous infection type was experienced by >1 patient. Three patients
discontinued ixekizumab because of a nonserious infection (folli-
culitis, subcutaneous abscess, and urinary tract infection, respec-
tively).

The frequency of mucocutaneous Candida infections was
higher in the ixekizumab treatment groups compared with that in
the placebo group (Table 3). No Candida infection led to treatment
discontinuation. There were no deep organ or systemic fungal
infections. Predefined opportunistic infections (see Supplemen-
tary Listing 2, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/abstract)
in the ixekizumab groups were oral candidiasis (0.4% in the group
receiving ixekizumab every 4 weeks and 1.8% in the group receiv-
ing ixekizumab every 2 weeks), esophageal candidiasis (0.4% in
the group receiving ixekizumab every 2 weeks), and unidermato-
mal herpes zoster (0.4% in the group receiving ixekizumab every
2 weeks).
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Table 3. Frequency of adverse events in patients included in the placebo-controlled data set (SPIRIT-P1 and SPIRIT-P2), according to
treatment group*

Placebo IXEQ4W IXEQ2W Total IXE
Event type or category (n=224) (n=229) (n=225) (n =454)
Patients with >1 TEAE 127 (56.7) 153 (66.8)T 156 (69.3)t 309 (68.1)t
Mild¥ 60 (26.8) 1(39.7) 1(36.0) 172 (37.9)
Moderatet 63(28.1) 4(23.6) 61 (27.1) 115 (25.3)
Severe 4(1.8) 8(3.5) 4(6.2)T 22 (4.8)
Patients discontinuing study drug because of an AE 8(3.6) 7 (3.1) 12 (5.3) 19 (4.2)
Patients with >1 SAE 6(2.7) 9(3.9) 11 (4.9) 20 (4.4)
Deaths 0 0 0 0
Patients with >1 most frequent TEAE (preferred term)8
Injection site reaction 1(0.4) 22 (9.6)t 32 (14.2)t 54 (11.9)1
Upper respiratory tract infection 16 (7.1) 16 (7.0) 15(6.7) 31 (6.8)
Injection site erythema 0 9 (3.9)t 17 (7.6)T 26 (5.7)t
Nasopharyngitis 9 (4.0) 15 (6.6) 731 22 (4.8)
Diarrhea 6(2.7) 7(3.7) 10 (4.4) 17 (3.7)
Headache 4(1.8) 10 (4.4) 6(2.7) 16 (3.5)
Sinusitis 5(2.2) 9(3.9) 6(2.7) 15(3.3)
Patients with >1 AE of special interest
Hepatic] 10 (4.5) 7 (3.1) 1 (4.9) 18 (4.0)
Infections 62 (27.7) 77 (33.6) 72 (32.0) 149 (32.8)
Serious infection 0 1(0.4) 5@2.2)t 6 (1.3)
Candida infection# 1(0.4) 4(1.7) 8 (3.6)T 12 (2.6)
Esophageal candidiasis 0 0 1(0.4) 1(0.2)
Active tuberculosis 0 0 0 0
Latent tuberculosis** 0 0 0 0
Injection site reactionst# 10 (4.5) 40 (17.5)t 57 (25.3)88 97 (21.4)t
Allergic reaction/hypersensitivity 4(1.8) 10 (4.4) 14 (6.2)t 24 (5.3)F
Confirmed cerebrocardiovascular event 2(0.9) 0 0 ot
Confirmed MACE event 0 0 0 0
Malignancy 0 2(0.9) 0 2(0.4)
Depression-related 3(1.3) 4(1.7) 4(1.8) 8 (1.8)
Inflammatory bowel disease (narrow and broad terms) 99| 0 0 1(0.4) 1(0.2)
Crohn's disease 0 0 0 0
Ulcerative colitis 0 0 0 0

* Values are the number (%). TEAE = treatment-emergent adverse event (AE); SAE = serious AE; MACE = major adverse cardiovascular event
(see Table 1 for other abbreviations).

t P <0.05 vs. placebo, by Cochran-Mantel-Haenszel test.

t Comparisons between treatment and placebo were not performed.

§ AEs are listed according to the preferred terms (PTs) in Medical Dictionary for Regulatory Activities (MedDRA). Shown are AEs occurring in
>3% of patients in the combined (total) ixekizumab group.

9 Potentially drug-related hepatic disorders using the MedDRA PTs contained any of the following MedDRA Queries: broad and narrow
terms in the liver-related investigations, signs and symptoms; broad and narrow terms in the cholestasis and jaundice of hepatic origin;
broad and narrow terms in the hepatitis, non-infectious; broad and narrow terms in the hepatic failure, fibrosis, cirrhosis, and other liver
damage; narrow terms in the liver-related coagulation and bleeding disturbances.

# Patients with =1 TEAE of Candida infections (high-level plus clinical terms). The esophageal candidiasis case was an SAE.

** Two ixekizumab-treated patients had positive results of an interferon-y (IFNy) release assay. At screening, these patients had negative
results using a purified protein derivative test, which later appeared to be poorly documented; this prompted the study site to perform an
IFNy release assay, which appeared to be positive (in the absence of any baseline IFNy release assay).

t+ Composite of several injection site reaction-related terms.

88 P < 0.05, IXE vs. placebo and IXEQ2W vs. IXEQ4W, by Cochran-Mantel-Haenszel test.

99 Composite of inflammatory bowel disease (IBD; narrow terms) and events that can occur with IBD (broad terms).
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Figure 1.

Exposure-adjusted incidence rates (IRs) of treatment-emergent adverse events (TEAEs) at 12-week intervals (week O to week

96) in the all ixekizumab-treated data set (SPIRIT-P1, SPIRIT-P2, and SPIRIT-P3). A, Overall TEAEs. B, Serious AEs. C, Infections (System
Organ Class). D, Injection site reactions (this is a composite of several injection site reaction—-related preferred terms). The 95% confidence
intervals (95% Cls) for the IRs are from likelihood ratio test of treatment effect from the Poisson regression model. AEs were coded using
Medical Dictionary for Regulatory Activities version 19.1. Values are from a binomial model. PY = patient-year; Ns = number of patients entered

in each time interval.

A 65-year old woman (in the group receiving ixekizumab
every 2 weeks) who had been taking oral prednisone for >2 years
was hospitalized on day 7 of ixekizumab treatment because of
esophageal candidiasis. She was successfully treated with a 16-
day course of oral fluconazole. Endoscopy was not performed.
Ixekizumab dosing in this patient was interrupted and resumed
after resolution of the infection.

All ixekizumab-treated. There was no increase in the IRs of
infection-related TEAEs with increasing durations of ixekizumab
exposure (Figure 1C). Ten TEAEs (IR 0.7 [95% CI 0.4-1.4]/100
patient-years) of latent TB were reported. The incidence of serious
infections was low (IR 1.2 [95% Cl 0.7-1.9]/100 patient-years).
Serious infections occurring in >1 patient were pneumonia (IR 0.2
[95% CI 0.1-0.7]/100 patient-years) and latent TB (considered




374

MEASE ET AL

serious due to testing), lower respiratory tract infection, and eso-
phageal candidiasis (IR 0.1 [95% Cl 0.0-0.6]/100 patient-years
each).

Two patients reported SAEs of esophageal candidiasis (one
reported during the placebo-controlled period and described
above). In the other patient (a 48-year-old man), esophageal can-
didiasis led to hospitalization. Endoscopy showed esophageal
mucosa covered in its majority by whitish exudate. The patient
was treated with fluconazole. At a follow-up visit after hospital
discharge, the investigator maintained treatment with ixekizumab
and methotrexate without lowering the dosage; the outcome
of the infection had not been reported at the time of database
lock. The 2 esophageal candidiasis cases were the only serious
Candida infections in the all ixekizumab-treated data sets. No
treatment-emergent Candida infection resulted in ixekizumab dis-
continuation. There were no reports of deep organ or bloodstream
Candida infections. Among predefined opportunistic infections
(see Supplementary Listing 2, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23738/abstract), only mucocutaneous Candida infections and
localized herpes zoster infection were reported. There were no
disseminated or central nervous system herpes simplex infec-
tions, endemic mycoses, invasive aspergillosis, or other deep fun-
gal infections.

Eighteen patients (IR 1.3 [95% Cl 0.8-2.1]/100 patient-
years) discontinued ixekizumab because of infections. Of these,
6 patients (IR 0.4 [95% CI 0.2-1.0)/100 patient-years) and 2
patients (IR 0.1 [95% CI 0.0-0.6]/100 patient-years) discontinued
because of latent TB and pneumonia (1 case of pneumonia was
fatal), respectively. For all patients who discontinued due to latent
TB, the screening test was negative and patients tested positive
during protocol-required yearly testing. There were no cases of
active TB. One patient with a history of hepatitis B virus (HBV)
infection discontinued the study drug, as required by protocol,
when a protocol-required test for HBV DNA was positive accord-
ing to the local laboratory despite a result below the level of quan-
tification. Three weeks later, testing was negative for HBV DNA as
well as on 3 subsequent samples. The remaining treatment dis-
continuations were due to bacterial arthritis, bronchitis, nasophar-
yngitis, staphylococcal infection, tooth abscess, and tonsillitis, in
addition to the folliculitis, subcutaneous abscess, and urinary tract
infection described above.

Neutropenia. Placebo-controlled period. The percentage
of ixekizumab-treated patients with a treatment-emergent low
absolute neutrophil count (<2.0 x 10%liter) was 9.7% (43 of
444) versus 2.7% (6 of 219) of placebo-treated patients (P =
0.001). The frequencies of grade 1 or worse and grade 2 or
worse neutropenia were higher in ixekizumab-treated patients
than those in placebo-treated patients. (see Supplemen-
tary Table 3, available on the Arthritis Care & Research web
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/
abstract). No grade 3 or grade 4 neutropenia was reported.

Approximately 50% of ixekizumab-treated patients (and 83%
of placebo-treated patients) who had a treatment-emergent
low absolute neutrophil count at an earlier visit had values
within the normal range at all subsequent visits.

All ixekizumab-treated. The percentage of patients with >1
treatment-emergent low neutrophil count (<2.0 x 10%liter) was
14.5% (158 of 1,092). Fifty percent of ixekizumab-treated patients
with treatment-emergent low absolute neutrophil counts at an ear-
lier visit had values within the normal range at all subsequent visits.
Four patients had grade 3 neutropenia that improved to a normal
or baseline grade at subsequent visits during which patients were
receiving treatment, without reoccurrence of grade 3 neutropenia
during the observation period. No patient developed grade 4 neu-
tropenia. There was no tendency for an increase or a decrease
in the IR of treatment-emergent neutropenia with increased ixeki-
zumab exposure (data not shown).

The frequency of infection-related TEAEs was comparable
in patients with neutrophil counts <2.0 x 10%liter (54.4%) ver-
sus patients whose counts were above this cutoff (49.0%) and
in patients with neutrophil counts <1.5 x 10%liter (42.0%) versus
patients whose counts were above the latter (<1.5 x 10%liter)
cutoff (560.1%). Seventeen patients (IR 1.2 [95% CI 0.8-2.0]/100
patient-years) had >1 infection-related TEAE that was temporally
associated with grade 1 neutropenia; the infection-related TEAEs
occurring in >1 patient were nasopharyngitis (IR 0.3 [95% CI 0.1-
0.8]/100 patient-years), oral herpes (IR 0.1 [95% CI 0.0-0.6]/100
patient-years), and upper respiratory tract infection (IR 0.1 [95%
Cl 0.0-0.6)/100 patient-years). No patients had infections that
were temporally associated with grade 2, 3, or 4 neutropenia.

ISRs. Placebo-controlled period. ISRs were common in
ixekizumab-treated patients and occurred less frequently in the
group receiving ixekizumab every 4 weeks than in the group
receiving ixekizumab every 2 weeks (Table 3). The most com-
mon types of reported ISRs were injection site reaction, injec-
tion site erythema, and injection site hypersensitivity. Most ISRs
were mild or moderate in severity. No serious ISRs were reported.
Five ixekizumab-treated patients (1.1% versus 0.4% of placebo-
treated patients) discontinued treatment because of ISRs (4 in
the group receiving ixekizumab every 2 weeks and 1 in the group
receiving ixekizumab every 4 weeks).

All ixekizumab-treated. When the incidence of ISRs was ana-
lyzed at 12-week intervals (week O to week 96), the incidence was
shown to decrease substantially over time (Figure 1D). The most
common types of reported ISRs were injection site reaction, injec-
tion site erythema, and injection site pain. There were 4.0 ISRs
per 100 active injections. Injection site pain, injection site swell-
ing, and injection site discoloration were the first types of ISRs to
appear, with median onset times of 1, 2, and 2 days, respectively.
The median duration of ISRs was 3 days. Injection site pain and
injection site discoloration had the shortest median duration (1
day), whereas injection site hematoma (7 days) and injection site
warmth (13 days) had the longest median duration.
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There were no serious ISRs; 6 patients (IR 0.4 [95% CI
0.2-1.0)/100 patient-years) discontinued treatment because
of ISRs. There was no clear association between the develop-
ment of treatment-emergent antidrug antibodies and ISRs (see
Supplementary Table 4 and Supplementary Text 2, available on
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23738/abstract).

Hypersensitivity events. Placebo-controlled period. The fre-
quencies of hypersensitivity events in the ixekizumab and placebo
treatment groups were 5.3% and 1.8%, respectively (see Supple-
mentary Listing 3, available on the Arthritis Care & Research web site
at  http://onlinelibrary.wiley.com/doi/10.1002/acr.23738/abstract).
No SAEs of hypersensitivity or anaphylaxis were reported. Two
patients treated with ixekizumab every 4 weeks discontinued treat-
ment because of hypersensitivity (hypersensitivity and pruritic rash).

All ixekizumab-treated. When hypersensitivity was analyzed
at 12-week intervals (week 0 to week 96, the IR of hypersensi-
tivity events did not increase with increasing duration of ixeki-
zumab exposure (Figure 2A). No anaphylaxis was reported, but
1 patient (IR 0.1 [95% CI 0.0-0.5])/100 patient-years) experienced
an SAE of angioedema. Six patients (IR 0.4 [95% CI 0.2-1.0]/100
patient-years) (including the patient with angioedema) discontin-
ued treatment due to hypersensitivity (drug eruption, rash, pruritic
rash, solar urticaria, hypersensitivity). There was no clear associ-
ation between the development of treatment-emergent antidrug
antibodies and hypersensitivity events (see Supplementary Table
5 and Supplementary Listing 3, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23738/abstract).

Inflammatory bowel disease. Placebo-controlled. No cases of
IBD, ulcerative colitis, or Crohn’s disease were explicitly reported
(Table 3). Supplementary Listing 4, available on the Arthritis Care
& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23738/abstract, shows preferred terms for inflammatory
bowel disease. However, in reviewing other reported terms poten-
tially representing IBD, 1 patient (in the group receiving ixekizumab
every 2 weeks) who had no history of IBD developed an anal
abscess and an anal fistula. These were SAEs but did not lead to
discontinuation of ixekizumab treatment. The abscess resolved,
and the patient underwent surgery for the fistula. The sponsor
assessed that this patient had IBD.

All_ixekizumab-treated. One case (IR 0.1 [95% CI 0.0,
0.5]/100 patient-years) each of CD and UC were reported. These
were SAEs but did not lead to discontinuation of ixekizumab treat-
ment. Although the patient with Crohn’s disease was reported as
a new case, that patient had a history of irritable bowel syndrome.
Of the 12 patients with preexisting conditions or a history of illness
suggestive of IBD, none experienced disease exacerbation during
ixekizumab treatment, and none used steroids during these studies
for prior conditions related to IBD, but 1 patient used mesalazine.

Other adverse events of special interest. Placebo-
controlled. No cases of CEC-confirmed MACE were reported in

any treatment group. Malignancies developed in 2 ixekizumab-
treated patients (0.4%) and O placebo-treated patients (Table 3),
including 1 basal cell carcinoma and 1 prostate cancer (SAE
causing discontinuation of treatment). Eight (1.8%) ixekizum-
ab-treated patients (3 [1.3%] placebo) experienced >1 depres-
sion-related event (Table 3). None were SAEs. One ixekizumab-
treated patient discontinued treatment because of depression;
this patient (in the group receiving ixekizumab every 2 weeks)
had a history of depression and had been treated with venla-
faxine.

All_ixekizumab-treated. No TEAEs of uveitis were reported.
Nine patients (IR 0.7 [95% CI 0.3-1.3[/100 patient-years) had
CEC-confirmed MACE (2 vascular deaths, 3 nonfatal myocar-
dial infarctions, 4 nonfatal strokes). The MACE incidence did
not increase with longer ixekizumab exposure (Figure 2B). Nine
patients (IR 0.7 [95% CIl 0.3-1.3]/100 patient-years) developed
>1 malignancy; among these 9 patients, 5 had non-melanoma
skin cancer. The remaining 4 patients had breast cancer (n = 2),
prostate cancer (n = 1), and papillary thyroid cancer (n = 1); these
were SAEs causing discontinuation of treatment. There was no
increase in the malignancy rate with longer ixekizumab exposure
(Figure 2C). There was no evidence of an increase in depression-
related events over time (Figure 2D). The incidence of depression-
related events was 1.7 (95% Cl 1.2-2.6)/100 patient-years. None
of these events was serious, and only the ixekizumab-treated
patient discontinued treatment due to depression. No suicides
or self-injury-related behaviors were reported. No patient met the
laboratory criteria for potential drug-induced liver injury.

DISCUSSION

In the current study, we report safety results for 1,373.4
patient-years of ixekizumab exposure in 1,118 patients with PsA.
The rates of TEAEs and SAEs did not increase with longer ixeki-
zumab exposure. During the placebo-controlled period, patients
in the ixekizumab group experienced higher rates of overall TEAES
and individual types of TEAEs (serious infections, mucocutane-
ous Candida infection, hypersensitivities [non-anaphylactic], and
ISRs) than the placebo group. These results are consistent with
the known safety profile of ixekizumab in patients with moderate-
to-severe psoriasis (9).

The use of immunomodulation therapies may be associated
with an increased risk of infection (20-22). As shown in the cur-
rent study, during ixekizumab treatment, the rates of patients with
infections did not increase with longer ixekizumab exposure, and
the rate of serious infections was low (IR 1.2 [95% CI 0.7-1.9]/100
patient-years). For comparison, among patients with confirmed
PsA, the rates of serious infection per 100 patient-years were 1.06
in those treated with ustekinumab, 2.83 in patients treated with
infliximalb, 2.58 in those treated with adalimumab/etanercept, and
1.63 in those treated with nonbiologics (22). TEAEs of infections
were upper respiratory tract and other common types of infection.
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Figure 2. Exposure-adjusted incidence rate of TEAEs at 12-week intervals (week O to week 96) in the all ixekizumab-treated data set
(SPIRIT-P1, SPIRIT-P2, SPIRIT-P3). A, Hypersensitivity. B, Major adverse cardiovascular events (MACE) (Clinical Events Committee—adjudicated).
C, Malignancy. D, Depression-related. The 95% Cls for the IRs are from likelihood ratio test of treatment effect from the Poisson regression
model. AEs were coded using Medical Dictionary for Regulatory Activities version 19.1. Values are from a binomial model. See Figure 1 for other

definitions.

Opportunistic infections were limited to oral and esophageal
Candida infections (as expected, based on the known role of IL-
17Ain host defense against these infections) (10-13) and localized
herpes zoster. The lack of deep organ or bloodstream Candida
infections is consistent with published cases of IL-17 deficiency
(10,11,13). Two serious Candida infections (esophageal) were
reported, but these events did not lead to ixekizumab discontin-
uation, nor did any other Candida infection. Candida infections
resolved or were being treated at the time of database locking.
There were no reports of endemic mycoses, invasive aspergillosis,
or other deep fungal infections. Several patients had a TEAE of

latent TB, as detected through protocol-required yearly testing;
there were no cases of active TB.

Because IL-17A antagonism is involved in neutrophil traffick-
ing and granulopoiesis (23), the observed decreases in neutrophil
counts with ixekizumab versus placebo were expected; however,
no patient had grade 4 neutropenia. Grade 2 and grade 3 neu-
tropenia were not temporally associated with infections. Neutro-
penia rates did not increase with longer ixekizumab exposure.
Patients with PsA who were enrolled in ixekizumab treatment
studies were allowed to be treated with concomitant cDMARDs.
Conventional DMARDs such as methotrexate can cause bone
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marrow suppression (24), which may have contributed to the neu-
tropenia observed in ixekizumab-treated patients; however, the
presence of cOMARDs does not explain differences between the
ixekizumalb-treated patients and the placebo-treated patients.

The higher frequency of TEAEs in the ixekizumab group
compared with the placebo group was mainly attributable to a
higher frequency of patients with >1 ISR. Although ISRs were
common during the placebo-controlled period, the frequencies
of patients with ISRs decreased substantially with longer ixeki-
zumab exposure. ISRs were well tolerated and did not typically
lead to discontinuation. Likewise, the incidence of discontinua-
tions due to hypersensitivity was only 0.4 (95% CI 0.2-1.0)/100
patient-years; anaphylaxis was not reported. Aggregate find-
ings for patients with treatment-emergent antidrug antibody
positivity do not support a clear relationship between hyper-
sensitivity and immunogenicity and between ISRs and immu-
nogenicity.

There are potential concerns regarding new or exacerbated
IBD in patients treated with IL-17A blockers (14,15). In the current
study, the incidences of IBD (including Crohn’s disease and ulcer-
ative colitis) were low (IR 0.1 [95% CI 0.0-0.5]/100 patient-years)
for both Crohn’s disease and ulcerative colitis and IR 0.1 (95%
Cl 0.0-0.6)/patient years for unspecified IBD. Similarly, the inci-
dences of patients with other AESIs, including depression, con-
firmed MACE, and malignancies, were low and did not increase
substantially with longer ixekizumab exposure. Additionally, the
types of MACE did not change with longer ixekizumab exposure,
and the incidence of MACE was consistent with background rates
among patients with PsA (25,26). No self-injury—related events or
suicides were reported.

A strength of this study is inclusion of 2 data sets. The placebo-
controlled period data set allows direct comparison of ixekizumab
with placebo for 24 weeks, whereas the all ixekizumab-treated
data set is larger with an aggregate exposure of 1,373.4 patient-
years, thus allowing detection of less frequent AEs and allowing
assessment of IRs of AEs over time. Limitations include the lack
of a comparator group past 24 weeks and incomplete patient
follow-up at the database locks used for the purpose of this study;
updated data will be reported periodically.

In conclusion, ixekizumab-treated patients had higher rates
of overall TEAESs, serious infections, mucocutaneous Candida
infection, hypersensitivities (non-anaphylactic), and ISRs com-
pared with patients treated with placebo. However, the safety
profile of ixekizumab in patients with PsA is consistent with the
mechanism of IL-17A antagonism and with the known safety
profile of ixekizumab in the treatment of patients with plaque
psoriasis (7-9).
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Impact of Information Presentation Format on Preference
for Total Knee Replacement Surgery
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Objective. Patients have a poor understanding of outcomes related to total knee replacement (TKR) surgery, with
most patients underestimating the potential benefits and overestimating the risk of complications. In this study, we
sought to compare the impacts of descriptive information alone or in combination with an icon array, experience
condition (images), or spinner on participants’ preference for TKR.

Methods. A total of 648 members of an online arthritis network were randomized to 1 of 4 outcome presentation
formats: numeric only, numeric with an icon array, numeric with a set of 50 images, or numeric with a functional
spinner. Preferences for TKR were measured before and immediately after viewing the outcome information using
an 11-point numeric rating scale. Knowledge was assessed by asking participants to report the frequency of each
outcome.

Results. Participants randomized to the icon array, images, and spinner had stronger preferences for TKR (after
controlling for baseline preferences) compared to those viewing the numeric only format (P < 0.05 for all mean dif-
ferences). Knowledge scores were highest in participants randomized to the icon array; however, knowledge did not
mediate the association between format and change in preference for TKR.

Conclusion. Decision support at the point-of-care is being increasingly recognized as a vital component of care.
Our findings suggest that adding graphic information to descriptive statistics strengthens preferences for TKR. Al-
though experience formats using images may be too complex to use in clinical practice, icon arrays and spinners

may be a viable and easily adaptable decision aid to support communication of probabilistic information.

INTRODUCTION

Total knee replacement (TKR) surgery is a cost-effective
treatment option for patients with knee arthritis who continue to
have pain and disability despite medical management (1). Most
patients have an excellent clinical response; however, a signif-
icant number continue to have pain after the procedure (2,3).
Patient satisfaction after TKR ranges from 75% to >90% (4,5)
and is strongly associated with presurgery expectations in addi-
tion to postoperative pain and function (6). Patients are likely
to first hear about TKR from their primary care providers, and
ideally would then have gained an accurate understanding of
their chances of having an excellent, moderate, or bad outcome
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following surgery. Both qualitative and quantitative studies sug-
gest, however, that patients have a poor understanding of out-
comes related to TKR, with most underestimating the potential
benefits and overestimating the risk of complications (7—10).

Numerous studies have documented the difficulties asso-
ciated with communicating probabilistic information (11-13).
Graphics, such as bar graphs and icon arrays, have been
shown to improve understanding of probabilities and are rec-
ommended to support patient decision-making (14). Yet even
with these aids, comprehension remains poor among many
patients (15). There is, therefore, a need to develop novel
approaches to ensure effective communication and high-
quality decision-making.
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SIGNIFICANCE & INNOVATIONS

« Adding graphic information (in the form of icons,
photographs, or a spinner) to descriptive statistics
strengthens patients’ preferences for total knee re-
placement surgery. However, the format of infor-
mation did not influence patients who had a strong
preference for total knee replacement at baseline.

+ Visual aids may help improve communication of
probabilistic information in clinical practice.

Although the most common method of communicating
probabilistic information is through descriptive formats (i.e.,
using words or numbers to describe probabilities), risk informa-
tion can also be communicated through experience. In a seminal
study, Hertwig et al (16) found that participants learning about
probabilities by receiving feedback while performing a sampling
task underweighted the probability of a rare outcome compared
to those receiving a description of the probability of each out-
come, presumably because they are less likely to encounter rare
outcomes. The potential use of experience as a decision aid has
been recently examined in health care decisions. In a study by
Tyszka and Sawicki (17), students were presented with a hypo-
thetical scenario in which they were asked to consider prenatal
genetic testing. Participants experienced risk by viewing a series
of photographs of children with and those without Down syn-
drome. The authors found that worry about the genetic disease
was lower among those randomized to the experience versus
description format. Similarly, Wegier and Shaffer (18) found that
participants’ estimates of the positive predictive value of prenatal
screening for Down syndrome were more accurate among those
viewing simulated test results using a series of grids compared
to those given explicit statistics. In contrast, our group (19) did
not find any difference in preferences for lung cancer screening
among participants in a pulmonary practice randomized to an
experience task (composed of 250 computed tomography scan
images representing the expected number of normal scans, false
positive lung nodules, cancers leading to a life saved, and can-
cers leading to deaths despite screening) versus those receiving
descriptive statistics.

Eyler et al (20) recently examined whether a spinner (an
arrow in the center of a donut-shaped ring with a colored seg-
ment representing the risk of an adverse event) could be used
to facilitate risk communication. Spinners might improve under-
standing of probabilistic events by displaying proportions in a
continuous format (21). Unlike pie charts, spinners allow par-
ticipants to experience chance by observing varying outcomes
with each spin. In that study, the authors found that knowledge
scores were higher among patients (recruited from outpatient
medicine clinics) randomized to the spinner format compared
to those receiving numeric information only. Participants also

preferred the spinner format over the descriptive statistical infor-
mation.

In the current experimental study, we sought to compare
the impact of descriptive information alone or in combination
with an icon array, experience condition, and spinner on par-
ticipants’ preference for TKR. Given previous data demonstrat-
ing that participants are likely to consider new information only
when they do not have strong baseline preferences (either for or
against a specific treatment) (22), we also examined the effect
of the information format among subgroups of participants with
varying baseline preferences for TKR.

SUBJECTS AND METHODS

English-speaking patients were recruited via email invi-
tations with a unique survey link to CreakyJoints members.
Creakydoints (https://creakyjoints.org/) is an online commu-
nity of more than 100,000 patients with arthritis that supports
education, advocacy, and patient-centered research. Creaky-
Joints members were identified as eligible to participate if
they were age >50 years, living in the US, had self-reported
physician-diagnosed rheumatoid arthritis, psoriatic arthritis,
and/or osteoarthritis involving 1 or both knees, and had not
had previous total hip or knee replacement surgery. Individuals
who received the invitation email were already CreakydJoints
members or existing fans of the CreakydJoints Facebook page.
To prevent patients from signing up to take the survey more
than once, unique survey links were generated, each of which
could be used only once by the individual who received the
email invitation. We report both the open rate (i.e., opening the
email invitation) and click rate (i.e., clicking on the link to open
the survey). This study was classified as exempt from insti-
tutional board review by the Yale Human Subjects Research
Program.

Risk formats. After collecting demographic data
(Table 1), we presented participants with the following informa-
tion: “Total knee replacement surgery is an option for patients
with arthritis who continue to have significant knee pain despite
having tried physical therapy, medications and injections. If you
are (or were to become) someone with this type of knee pain,
please indicate how you feel about this surgery on the scale
below.” Baseline preference for TKR was measured using an
11-point numeric rating scale, where 0 = | am certain that |
would not want total knee replacement surgery, 5 = unsure,
and 10 = | am certain that | would want total knee replacement
surgery.

Numeric information (23,24) (viewed by all participants)
read as follows: “One of the most common questions patients
ask is what should | expect after total knee replacement sur-
gery? There are 3 possibilities: 1) Most patients (about 42 in
50) do great. They have significant pain relief and are very
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Table 1. Respondent characteristics*

Numeric Icon array Images Spinner

(n =154) (n=176) (n=157) (n=161) P
Age, mean + SD years 61.5+72 61.6+69 61.6 £ 6.7 062.2+6.6 0.8
Women 142 (92.2) 163 (92.6) 142 (90.5) 153 (95.0) 0.5
White 134(87.0) 154 (87.5) 136 (86.6) 145(90.1) 0.8
College graduate 64 (22.3) 74 (26.0) 73 (25.6) 74 (26.0) 0.7
Married 87 (56.5) 99 (56.3) 88 (56.1) 88 (54.7) 1.0
Employed 54 (35.1) 65 (36.9) 44 (28.0) 52 (32.3) 0.3
Private insurance 68 (44.2) 75 (42.6) 65 (41.4) 55(34.2) 0.3
Fair or poor health status 50 (32.5) 57 (32.4) 55 (35.0) 56 (34.8) 0.9
Pain NRS, mean + SD 6.27+2.4 6.64+24 6.39+24 6.56+2.2 0.5
Osteoarthritis 84 (54.6) 97 (55.1) 94 (59.9) 96 (59.6) 0.7
Know someone who did well 124.(81.1) 146 (85.4) 128 (82.6) 132 (82.5) 0.8
Know someone who did poorly 85 (55.6) 90 (52.6) 84 (54.2) 94 (58.8) 0.7
Baseline preference for TKR, mean + SD 6.7+27 6.8+25 6.8+26 6.8+26 0.9

* Values are the number (%) unless indicated otherwise. NRS = numeric rating scale; TKR = total knee replacement.

satisfied with the surgery. These patients would have the sur-
gery again without hesitation; 2) Some patients (about 7 in 50)
don’t do as well as they expected. They continue to have a
fair amount of pain and are not very satisfied with the surgery.
They don’t think they would have this surgery again if they had
bad arthritis in their other knee; 3) A few patients (about 1 in
50) have a serious complication after the surgery (such as an
infection in the replaced knee). These patients regret having
had the surgery.”

Participants were then randomized to 1 of 4 information
presentation formats: numeric only (the frequency information is
described above), numeric with an icon array, numeric with a
set of 50 images, or numeric with a functional spinner. Partici-
pants in the icon array group then viewed an icon array depicting
people who do great in blue, people who do not do as well as
expected in orange, and people who have a serious complica-
tion in black. Those in the images group viewed a set of images:
42 of active, happy people, representing people who do great,
7 of people with knee pain, representing people who do not do
as well as expected, and 1 image of a red inflamed knee repre-
senting a serious complication. Each image was presented for
2 seconds in random order. Images were obtained from stock
photo websites. Participants randomized to the spinner group
viewed a donut-shaped figure with blue, orange, and black sec-
tions sized to represent the corresponding number of people
who do great, do not do as well as expected, or have a seri-
ous complication, respectively. The spinner was programmed
to rotate with a limited-range, randomly generated, initial speed
after being clicked on by the participant. A constant damping
factor was applied and the spinner gradually reached a minimum
speed. When the spin was completed, the participant could spin
again. The icon array, sample images, and spinner are shown
in Supplementary Appendix A, available on the Arthritis Care &

Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23605/abstract.

Preference for TKR was re-measured immediately after
viewing the outcome information. We also measured knowl-
edge using 3 questions designed for this study: How many
people, out of every 50, 1) do really well after having total knee
replacement surgery? 2) are not satisfied with the amount of
pain relief they have after total knee replacement surgery? 3)
experience a serious complication after total knee replace-
ment surgery? Responses ranging from 40 to 44, 5 to 9, and
1 to 3 were considered correct for the first through third ques-
tions, respectively, and the number of correct responses was
summed. We measured risk perceptions (perceived benefit
and risk of TKR) and worry about the risk of a serious compli-
cation on 5-point scales (ranging from very to not at all). Risk/
benefit expectation was measured by asking participants to
choose 1 of the following 5 statements: the benefits of total
knee replacement surgery greatly outweigh the risks; the ben-
efits of total knee replacement surgery slightly outweigh the
risks; the benefits of total knee replacement surgery are equal
to the risks; the risks of total knee replacement surgery slightly
outweigh the benefits; and the risks of total knee replacement
surgery greatly outweigh the benefits. These items are fre-
quently used to measure risk perceptions but have not been
validated (12,13). Last, we measured overall health status on
a 5-point scale (ranging from excellent to poor), knee pain over
the past week on an 11-point numeric rating scale (where O
=no pain at all and 10 = worst pain imaginable), and whether
participants knew anyone who did really well or really poorly
after having TKR surgery (yes/no).

Statistical analysis. \We compared characteristics across
formats using analysis of variance and chi-square tests for


http://onlinelibrary.wiley.com/doi/10.1002/acr.23605/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23605/abstract

382

FRAENKEL ET AL

continuous and categorical variables, respectively. We exam-
ined least squares mean (LSM) differences in TKR preferences
across the 4 formats after controlling for baseline preference. We
also performed subgroup analyses to examine the association
between format and change in preference among participants
with a baseline preference generally against TKR (score of 4 or
lower), uncertainty (score of 5), generally in favor of TKR (score
between 6 and 9), and a strong preference for TKR (score of 10).

RESULTS

Participant characteristics. Invitations to participate in
the online survey were sent to 3,465 members of the Creaky-
Joints community who had self-reported a doctor diagnosis
of arthritis (32% open rate, 8% click rate). We followed up the
initial invitation with up to 3 email reminders. The lead gener-
ation on Facebook yielded 2,227 email addresses to whom
invitations were sent (55% open rate, 34% click rate). A total of
648 individuals completed the survey between April and June
2017. The mean = SD age of the study population was 61.7 +
6.9 years, 93% were female, 88% were white, and 44% were
college graduates. The most common self-reported types of
arthritis were osteoarthritis (57%), rheumatoid arthritis (12%),
and both rheumatoid arthritis and osteoarthritis (25%). The
remaining participants reported having psoriatic arthritis, with
(4%) or without (2%) concomitant osteoarthritis. Mean + SD
knee pain, measured on a numeric rating scale, was 6.5 + 2.4,
and 34% of the participants reported having a fair or poor over-
all health status. Characteristics did not differ across formats
(Table 1).

Impact of format on preference for TKR. Baseline
preference for TKR did not differ across formats (Table 1). After
controlling for baseline preference, the probability format was
related to preference for TKR (F = 6.77; P = 0.0002). Prefer-
ences for TKR were higher in the icon array group (LSM + SE
7.17 £ 0.10; P = 0.0002), images group (LSM + SE 7.14 + 0.10;
P = 0.0005), and spinner group (LSM + SE 7.19 + 0.10; P =
0.0001), compared to the group receiving the numbers only for-
mat (LSM + SE 6.66 + 0.10), after controlling for baseline pref-
erence. Results remained unchanged after also controlling for

age, insurance (private versus other), knowing someone who did
poorly after TKR, and knee pain.

Among participants with preferences generally against TKR,
LSM + SE preferences were greater in participants randomized
to the images compared to those viewing numbers only (P =
0.0376) (Table 2). The association between format and change
in preference for TKR was accounted for primarily by participants
with baseline preference scores generally in favor of TKR. Within
this group, all formats had greater preference scores compared to
the numbers only group (P < 0.05 for all) (Table 2). No significant
differences in preferences were observed across formats for par-
ticipants with an uncertain or very strong preference for TKR at
baseline (Table 2).

Impact of format on knowledge. Format influenced
knowledge (F = 13.62, P < 0.0001). The mean + SD knowledge
score (possible range 0-3) was higher in the icon array group (2.0
+ 1.1) compared to all other formats (numeric 1.4 + 1.2, images
1.4 +1.1, and spinner 1.3 + 1.1). The median knowledge score for
participants randomized to the icon array was 2.0 compared to 1.0
for participants randomized to the other 3 formats. Knowledge was
also related to preference (after controlling for baseline preference,
F =8.16, P = 0.0044). The estimates for both format and knowl-
edge remained largely unchanged when included in the same
multivariate model, indicating that knowledge did not mediate the
association between format and change in preference for TKR.

Impact of format on risk perceptions and judgment.
The mean + SD worry, riskiness, and judgment scores were 2.95
+ 1.15, 2.85 + 0.85, and 1.87 + 1.13, respectively. We found no
relationship between format and perceived risk of TKR, worry
related to potential complications of TKR, or judgment related to
the risk/benefit tradeoff associated with TKR (data not shown).

DISCUSSION

In this study, we found that the format used to communicate
the probabilities of possible outcomes related to TKR affected
patients’ preferences for the procedure. Stronger preferences
for TKR were seen in participants randomized to view an icon
array, a set of images, or a spinner compared to the numbers only

Table 2. Preference for total knee replacement (TKR) compared with baseline preference*

Leaning against TKR Uncertain Leaning toward TKR  Strongly favor TKR
Format (n=107) (n=101) (n=319) (n=121)
Numeric 2.72+0.39 572+0.24 7.27 £017 9.41+0.16
Icon array 378 £0.41 5.88 £0.23 7.74 £ 015t 9.71 £0.16
Images 3.92 + 0.4171 556 +0.24 7.82 + 01771 9.69 £ 0.15
Spinner 3.04+042 5.68+0.24 8.01 £ 0.161 9.66 £0.16

* Values are the least squares mean + SE.

t Significantly greater preference for TKR (P <0.05) compared to the numbers only format.
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format. As expected, format did not influence participants who
had a strong preference for TKR at baseline. These results con-
tribute to the literature demonstrating that added graphic informa-
tion influences preferences (14,25) and highlight the importance
of accounting for baseline choice predisposition when evaluating
the impact of specific interventions on patient preferences. We
did not find any difference in risk perceptions or judgment across
the 4 formats, indicating that these factors did not mediate the
relationship between format and preference for TKR. This result
is in line with previous research showing that direct effects of icon
arrays do not always exist on perceived risk or worry (26). Con-
sistent with previous research, the icon array improved knowledge
scores; nevertheless, knowledge did not account for the effect
of format on preference. Because the additional graphic informa-
tion affected those whose baseline preferences favored TKR, the
added information possibly reinforced positive beliefs or expecta-
tions related to TKR, leading to stronger preferences. However,
we did not measure these variables, and this hypothesis should
be tested in future research.

Describing outcomes through experience (images) is an
appealing concept, because this approach may correct patients’
overweighting of rare adverse events. Learning through experience
is limited, however, by the need to attend to tasks that may be too
long and/or complex to ensure adequate representation of all pos-
sible events. In this study, we constrained the denominator to 50
to simplify the task (as opposed to the frequently used 100) based
on feedback we obtained while piloting the survey. Wegier and
Shaffer developed a method that may overcome this limitation. In
their study, students viewed grids representing the experiences of
cohorts composed of 100 participants in rapid succession with-
out compromising the impact of the task (18). Further research is
needed to determine whether this approach is feasible and effec-
tive in patients facing personal health-related decisions.

Despite their intuitive appeal, spinners have not been rigor-
ously tested as a decision aid. Eyler et al (20) demonstrated that
they were at least as effective as icon arrays in communicating the
risk of adverse events associated with a medication. The spinner
used in this study was more complex in that it included the spec-
trum of expected outcomes. Thus, this format may be a possi-
ble approach to effectively communicate the range of outcomes
experienced by patients undergoing a specific treatment. Whether
the spinner offers any advantage over icon arrays, for example
among patients with lower education or numeracy levels, requires
further study.

This study has several limitations. Although we recruited a
large number of participants with arthritis, our study population
represents a narrow demographic segment, which limits general-
izability of our results. Moreover, patients volunteered to take the
survey and do not represent a population-based sample of arthritis
patients. For example, the relatively low click rates may indicate
that individuals who did choose to take part were more engaged
and had higher disease knowledge and possibly higher health liter-

acy than nonparticipants. In addition, eligibility criteria were ascer-
tained based on self-report, and diagnoses were not confirmed by
medical record or claims data. The high education level of the par-
ticipants precluded examining whether this variable might modify
the impact of format on preference and/or knowledge.

Decision support at the point-of-care is being increasingly
recognized as a vital component of care. The Centers for Medi-
care and Medicaid Services, for example, mandate the use of 1
or more decision aids when counseling patients about lung can-
cer screening. Our findings suggest that adding graphic infor-
mation to descriptive statistics strengthens preferences for TKR.
Although experience formats using images may be too complex
to use at the point-of-care, spinners may be a viable and easily
adaptable decision aid to support communication of probabilistic
information. Experience formats including images could, however,
be used in conjunction with other decision aids at home in prepa-
ration for a surgical consultation. Further research is required to
examine whether these tools increase the accuracy of patients’
expectations in clinical practice.
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Relationship Between Patient-Reported Swelling and
Magnetic Resonance Imaging-Defined Effusion-Synovitis in
Patients With Meniscus Tears and Knee Osteoarthritis
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Objective. Synovitis is a prevalent feature in patients with knee osteoarthritis (OA) and meniscal tear and is asso-
ciated with pain and cartilage damage. Patient-reported swelling is also prevalent in this population. The aim of this
study was to investigate the cross-sectional association between patient-reported swelling and effusion-synovitis
detected by magnetic resonance imaging (MRI) in patients with OA and meniscal tear.

Methods. We used baseline data from a multicenter, randomized controlled trial, Meniscal Tear in Osteoarthritis
Research (METEOR). MRI-identified effusion-synovitis, a proxy for effusion and synovitis on noncontrast MRIs, was
graded as none/small versus medium/large. Using MRI-identified effusion-synovitis as the gold standard, we as-
sessed the sensitivity, specificity, and positive predictive value of patient self-reported swelling in the previous week
(none, intermittent, constant) to detect effusion and synovitis.

Results. We analyzed data from 276 patients. Twenty-five percent of patients reported no swelling, 40% had inter-
mittent swelling, and 36% had constant swelling. Fifty-two percent had MRI-identified medium/large—grade effusion-
synovitis. As compared with MRI-identified effusion-synovitis, any patient-reported swelling (versus none) had a
sensitivity of 84% (95% confidence interval [95% CI] 77-89), a specificity of 34% (95% CIl 26-43), and a positive pre-
dictive value of 57% (95% CI 54-61). A history of constant swelling (versus none or intermittent) showed a sensitivity
of 46% (95% CI 37-54), a specificity of 75% (95% CI 67-82), and a positive predictive value of 66% (95% CI 58-74).

Conclusion. We found that the sensitivity and specificity of patient-reported swelling were modest when com-
pared with effusion-synovitis detected by MRI. These data urge caution against using patient-reported swelling as a
proxy of inflammation manifesting as effusion-synovitis.

INTRODUCTION

The pathogenesis of osteoarthritis (OA) is increasingly under-
stood as a dynamic process involving multiple joint structures
(e.g., cartilage, bone, meniscus), with an important role for intraar-
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ticular inflamsmation manifesting as effusion and synovitis. Recent
studies have demonstrated that synovitis is associated with pain,
incident knee OA, and progression of OA (1-4). Synouvitis is also
a prominent feature of meniscal tears, even in the absence of OA
(6-7). Of the 14 milion Americans with symptomatic knee OA,
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SIGNIFICANCE & INNOVATIONS

« We found that the sensitivity and specificity of pa-
tient-reported swelling were modest when com-
pared with effusion-synovitis detected by magnetic
resonance imaging in patients with knee osteoar-
thritis and meniscal tear.

+ This relationship did not differ despite stratification
based on sex, radiographic severity of osteoarthri-
tis, body mass index, or patient-reported pain.

up to 91% will have a meniscal tear detected by magnetic reso-
nance imaging (MRI), highlighting the subset of patients with OA
and meniscal tear as a clinically relevant and prevalent population
8,9).

Knee swelling is a key feature elicited in the clinical history
and is commonly reported in patients with knee OA and meniscal
tear. However, whether patient-reported swelling accurately pre-
dicts the presence of effusion-synovitis on imaging is unknown.
Because effusion and synovitis identified on imaging may be
associated with progression of intraarticular damage (1), a firmer
understanding of the association between patient-reported swell-
ing and the presence of effusion and synovitis on imaging could
help clinicians stratify their patients for risk. This analysis aimed
to assess the relationship between self-reported knee swelling
and effusion-synovitis detected by MRI in patients with concur-
rent meniscal tear and knee OA. We hypothesized that patient-
reported swelling would have a positive relationship with MRI-
identified effusion-synovitis.

MATERIALS AND METHODS

Sample. We used baseline data from patients enrolled
in the Meniscal Tear in Osteoarthritis Research (METEOR)
trial (Appendix A shows members of the METEOR group), a
randomized clinical trial of arthroscopic partial meniscectomy ver-
sus physical therapy for management of symptomatic meniscal
tears (10). In total, 351 subjects were recruited from 7 academic
referral centers between June 2008 and July 2011. Recruited
men and women were ages >45 years, had a noncontrast MRI of
the knee with evidence of meniscal tear extending to the menis-
cal surface, and had >4 weeks of meniscal symptoms (clicking,
catching, popping, giving way, pain with pivot or torque, pain that
is episodic, and pain that is acute and localized to 1 joint line).
All enrolled patients had evidence of knee OA as determined by
either osteophyte and joint space narrowing on plain radiographs,
or osteophytes and/or cartilage defects identified on MRI. Patients
with Kellgren/Lawrence (K/L) grade 4 knee OA were excluded, as
were patients with inflammatory arthritis (i.e., rheumatoid arthritis,
psoriatic arthritis, or spondyloarthritis) or who had prior surgery on
the index knee. We focused the analysis on data from the index
knee. All data domains corresponded to the index knee.

For the current analysis, we used data from the subsample
of METEOR patients with baseline MRIs that were available for
central re-reading, reducing the sample to 281 patients. An addi-
tional 5 patients were excluded because they had missing data for
the patient-reported swelling scale; thus, we had a final cohort of
276 patients. The METEOR study was approved by the Partners
HealthCare Human Research Committee.

Assessments. Demographics, including age, sex, and body
mass index (BMI; kg/m?, were collected at baseline. Patient-
reported swelling was assessed via questionnaire and classified in
numbered categories as 1) no swelling, 2) once in the last week,
3) 2-6 times in the last week, 4) 1-2 times/day, or 5) several times/
day. Because some of these categories were sparsely populated,
the variable was recategorized into 0) no swelling, 1) intermittent
swelling (combining categories 2 and 3), and 3) constant swelling
(combining categories 4 and 5). Our group previously reported
strong test—retest reliability of using the word “swelling” on ques-
tionnaires (k = 0.75) versus providing an expanded description
of swelling and found strong agreement between the 2 ques-
tion stems (11). Assessing the frequency of swelling in patients
with knee OA and meniscal tear has been deemed an important
assessment based on input from patients and clinicians (11,12).
Noncontrast MRiIs are frequently used in larger studies due to lower
cost than with contrast MRI and less risk of adverse events (13).
However, noncontrast MRIs cannot distinguish between effusion
(fluid within the joint cavity) and synovitis (thickening and enhance-
ment of the synovium); thus, effusion-synovitis is a frequently used
proxy for synovitis on noncontrast MRIs (13). Using T2/interme-
diate weighted or proton density-weighted fat-suppressed MRI
images, we assessed baseline effusion-synovitis according to the
MRI OA Knee Score (MOAKS), a semiquantitative scoring method
for knee OA (13). All MRIs were re-read centrally by a single
reader (AG). The intra- and interrater weighted kappa statistics for
effusion-synovitis in MOAKS are 0.9 and 0.72, respectively (13).
Effusion-synovitis was categorized as 0) none (physiologic), 1)
small (fluid continuous in the retropatellar space), 2) medium (slight
convexity of suprapatellar bursa), or 3) large (capsular distention)
(13). We dichotomized effusion-synovitis into none to small (grade
0-1) and medium to large (grade 2-3), because some categories
were sparsely populated and for ease of interpretation.

The K/L radiographic grade was used to determine OA
severity. The K/L grade was categorized as O = normal, 1 =
questionable osteophyte, 2 = definite osteophyte, and 3 =
<50% joint space narrowing. The Knee Injury and Osteoarthritis
Outcome Score (KOOS) pain scale was used to assess over-
all patient-reported knee pain in the previous week and was
transformed to a 0-100 scale, where O = the least amount of
pain and 100 = the greatest amount of pain (12). We assessed
the relationships between KOOS pain and patient-reported
swelling and between KOOS pain and MRI-identified effusion-
synovitis.
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Sensitivity, specificity, and positive predictive
value (PPV). Sensitivity, specificity, PPV, and positive like-
lihood ratio were calculated using MRI-identified effusion-
synovitis as the criterion standard. We performed analyses
using 2 distinct cut points of patient-reported swelling for a
positive test: history of any swelling (intermittent and constant)
and presence of constant swelling.

We performed sensitivity analyses to further investigate the
relationship between patient-reported swelling and MRI-identified
effusion-synovitis. First, we examined the relationship between
patient-reported swelling and effusion-synovitis after stratifying by
OA severity, based on the K/L grade (those with K/L grades 0 and
1 versus grades 2 and 3). We also stratified by patient-reported
pain, based on KOOS pain dichotomized at the cohort mean (<46
for less pain and >46 for greater pain), as well as BMI dichot-
omized to obese (BMI =30 kg/m? and nonobese (BMI <30 kg/
m?). Last, we stratified by sex. We additionally dichotomized MRI-
identified effusion-synovitis as none (grade 0) versus any (grades
1-8) and reinvestigated the relationship between patient-reported
swelling and MRI-defined effusion-synovitis. The Breslow-Day test
was used to assess for homogeneity between the strata.

RESULTS

The study sample consisted of 276 patients (1 affected knee
per patient). Twenty-five percent of patients reported no swelling,
40% reported intermittent swelling, and 36% reported constant
swelling. The mean age was similar among the swelling catego-
ries, ranging from 58 to 59 years. Women constituted 69% of
patients reporting constant swelling, 51% of patients reporting
intermittent swelling, and 47% of patients reporting no swelling.
The KOOS pain score was greater in patients with constant swell-

Table 1. Baseline characteristics and association of patient-
reported swelling and magnetic resonance imaging-identified
effusion-synovitis*

None Intermittent  Constant
(n=68) (n=110) (n=98) P

Age, years 59+9 58+7 58+ 6 0.53
Women, 32 (47) 56 (51) 68 (69) 0.005

no. (%)
BMI, kg/m* 306 29+5 31+7 0.04
K/L grade,

no. (%)

0 22 (32) 22 (20) 18 (18) 0.21

1 13 (19) 24.(22) 28 (29) 0.21

2 16 (24) 35(32) 21 (21 0.21

3 17 (25) 29 (26) 31 (32) 0.21
KOOS pain 38+15 45 + 14 54 +15 <0.0001

* Values are the mean + SD unless indicated otherwise. BMI = body
mass index; K/L = Kellgren/Lawrence; KOOS = Knee Injury and
Osteoarthritis Outcome Score.

Table 2. Severity of effusion-synovitis listed by frequency of
patient-reported swelling®

None/small Medium/large
No swelling 45 23
Intermittent swelling 55 54
Constant swelling 33 65

* Values are the number.

ing (54 points) than in those with intermittent swelling (45 points)
and no swelling (88 points) (P < 0.01) (Table 1).

A total of 133 patients (48%) had no or small effusion-
synovitis (grades 0-1), and 142 patients (52%) had medium or
large effusion-synovitis (grades 2-3) (1 patient was missing data
on effusion-synovitis). Medium or large effusion-synovitis was
identified in 34% of patients with no swelling, in 50% with inter-
mittent swelling, and in 66% with constant swelling (P < 0.01)
(Table 2). The KOOS pain score was 48 points in patients with
medium or large effusion-synovitis and 45 in those with no or
small effusion-synovitis (P = 0.07).

Using data from patients who reported any swelling (those
with intermittent and constant swelling) to calculate sensitivity,
specificity, and PPV, we found that swelling had a sensitivity of
84% (95% confidence interval [95% ClI] 77-89), a specificity of
34% (95% Cl 26-43), a PPV of 57% (95% Cl 54-61), and a
positive likelihood ratio of 1.3 (95% CI 1.1-1.5) as compared
with the gold standard, MRI-identified effusion-synovitis. Using a
more stringent cut point of constant swelling (versus intermittent
and no swelling), sensitivity was 46% (95% Cl 37-54), specificity
was 75% (95% CI 67-82), PPV was 66% (95% Cl 58-74), and
positive likelihood ratio was 1.8 (95% CI 1.3-2.6) for effusion-
synovitis identified on MRI (Table 3).

In sensitivity analyses, the associations between self-
reported swelling and MRI-documented effusion-synovitis were
largely similar after stratifying by K/L grade, patient-reported
KOOS pain score, BMI, or sex (test of homogeneity P > 0.05 for
all). Dichotomizing effusion-synovitis as none versus any led to
qualitatively similar results, though some categories were under-
populated.

DISCUSSION

Our findings indicate that patient-reported swelling did not
perform well as a proxy for MRI-identified effusion-synovitis. Any
reported swelling had a sensitivity of 84% for MRI-defined effusion-
synovitis but lacked specificity (34%). Conversely, more frequent
swelling (constant) was more specific for effusion-synovitis (75%)
but lacked sensitivity (46%). Neither cut point for patient-reported
swelling resulted in a strong PPV for MRI-defined effusion-synovitis
(range 57-66%). Positive likelihood ratios were small. These results
suggest that patient-reported swelling is not an especially useful
clinical marker of MRI-identified effusion-synovitis.
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Table 3. Sensitivity, specificity, and positive predictive value (PPV) of patient-reported swelling for effusion-

synovitis*
Sensitivity Specificity PPV Positive likelihood ratio
Any swellingt 84 (77-89) 34 (26-43) 57 (54-61) 1.3(1.1-1.5)
Constant swelling 46 (37-54) 75 (67-82) 66 (58-74) 1.8 (1.3-2.6)

* Values are the percentage (95% confidence interval) unless indicated otherwise.

t Intermittent and constant swelling.

Weak associations between patient-reported symptoms
and structural abnormalities have been identified in other stud-
ies and conditions (14). An evaluation of hip pain and radio-
graphic hip OA using the Framingham Osteoarthritis Study
showed that radiographic hip OA had a sensitivity of 27% and
specificity of 91% for groin or anterior thigh pain (14). Similar
results were reported in the Osteoarthritis Initiative (OAI), with
frequent hip pain having a sensitivity of 9% and specificity of
94% for radiographic hip OA (14). One study also using data
from the OAIl demonstrated an association of patient-reported
swelling and knee pain with extension and effusion-synovitis
identified on MRI (15). However, that study did not assess the
performance characteristics of patient-reported symptoms and
MRI findings, precluding a direct comparison with our work.
We stratified by K/L grade, KOOS pain score, BMI, and sex
but found that patient-reported swelling was not strongly asso-
ciated with effusion-synovitis on imaging in any of these dis-
tinct strata. Our study demonstrated a significant difference
in pain among the patient-reported swelling categories, with
those that indicated more frequent swelling also reporting
greater pain. This relationship was not seen with MRI-identified
effusion-synovitis, for which there was no difference in pain
levels between those with no or small effusion-synovitis and
those with medium or large effusion-synovitis. This finding sug-
gests that the relationship between various patient-reported
measures may be stronger than the association between
patient-reported symptom measures and structural findings on
imaging.

This study has several limitations. Effusion-synovitis identi-
fied on noncontrast MRl is a frequently used proxy for effusion
and synovitis in clinical studies, given the lower cost and the lower
risk of adverse effects with noncontrast scans. However, non-
contrast MRI cannot differentiate between effusion and synovitis
(13). Clinician assessment of effusion on physical examination
was not recorded as part of the trial. Thus, we cannot evalu-
ate the relationship between clinical examination evidence of
effusion, MRI-identified effusion-synovitis, and patient-reported
swelling. We recognize that it would be useful to minimize the
role of patient subjectivity. Further study using clinical examina-
tion or musculoskeletal ultrasound could leverage safe bedside
modalities for assessing synovitis. Our patient population had
concurrent OA and meniscal tear; thus, we are unable to dis-
cern whether OA, meniscal tear, or a combination of both drives
patient-reported swelling or effusion-synovitis noted on MRI.

MRI and assessment of patient-reported swelling were not done
on the same day. Because the presence of effusion-synovitis
is dynamic, the possibility of change may have weakened the
associations. Our study is strengthened by being a large multi-
center study with rich demographic and imaging data, focusing
on a prevalent population of patients with both meniscal tear
and knee OA.

In conclusion, in a population of patients with OA and
meniscal tear, we found that the sensitivity and specificity of
patient-reported swelling were modest when compared with
effusion-synovitis detected by MRI. We caution against clinical
use of patient-reported swelling as a measure of proxy for syno-
vitis in this population.
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Patient-Reported Disease Activity and Adverse Pregnancy
Outcomes in Systemic Lupus Erythematosus and
Rheumatoid Arthritis

Nathaniel Harris, “® Amanda Eudy, and Megan Clowse

Objective. While increased rheumatic disease activity during pregnancy has been associated with adverse preg-
nancy outcomes, this disease activity is typically assessed by physicians. Little is known, however, about the asso-
ciation between patient-reported measures of disease activity and pregnancy outcomes. The aim of our study was
to evaluate this association.

Methods. Univariate and multivariable regression models were used to assess the relationship between patient-
and physician-reported measures of disease activity and adverse pregnancy outcomes in 225 patients with systemic
lupus erythematosus (SLE) or rheumatoid arthritis (RA). The patients were enrolled from 2008-2016 in a prospective
registry at a single academic center.

Results. In women with RA, patient-reported disease activity was associated with preterm birth (odds ratio [OR]
5.9 [95% confidence interval (95% CI) 1.5, 23.9]) and gestational age in weeks (p = -1.5 [95% CI -2.6, -0.4]). The
physician assessment of disease activity also predicted preterm (OR 2.1 [95% CI 1.2, 3.5]), small for gestational
age births (OR 1.8 [95% CI 1.03, 3.1]), and gestational age in weeks (p = -0.6 [95% CI -0.9, -0.02]). Alternatively, in
women with SLE, patient-reported disease activity measures, including the Health Assessment Questionnaire, pain,
or global health measures, were not associated with adverse pregnancy outcomes. However, physician measures of
SLE disease activity are associated with preterm birth (OR 2.9 [95% CI 1.3, 6.3]), cesarean delivery (OR 2.3 [95% ClI
1.0, 5.3)), and preeclampsia (OR 2.8 [95% CI 1.3, 6.3]). The results did not appear to be driven by lupus nephritis or
antiphospholipid syndrome.

Conclusion. For women with RA, patient-reported measures of disease activity were associated with adverse
pregnancy outcomes, and thus may be useful adjuncts to physician-reported measures in identifying pregnancies at
greater risk. In contrast, in SLE, while physician measures of disease activity helped predict several adverse pregnan-

cy outcomes, no patient-reported measures were associated with adverse outcomes.

INTRODUCTION

Women with systemic lupus erythematosus (SLE) and rheu-
matoid arthritis (RA) who are pregnant are at increased risk for
preterm delivery, cesarean delivery, preeclampsia, and delivery of
neonates who are small for gestational age (SGA) (1-9). The risk
is particularly high among women with lupus, who are also at an
increased risk for fetal loss (2). Among pregnancies in women with
SLE, active disease at the time of conception and during pregnancy
have been shown to increase the risk of preterm birth and com-
plications such as intrauterine growth restriction and pregnancy-
induced hypertension (10). In up to 60% of women, pregnancy
can induce a lupus flare in those with previously quiescent disease,
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and 15-30% have moderate-to-severe disease activity during
pregnancy (11-16). Women with SLE who are pregnant are also
more likely to have complications including thrombosis, infection,
and thrombocytopenia, as well as comorbidities (such as diabetes
and hypertension) that increase the risk of adverse outcomes (5).

While pregnancy outcomes in women with well-controlled
RA are similar to those in the general population (17), higher lev-
els of disease activity are associated with preterm birth, reduced
gestational age at birth, high rates of cesarean delivery, and SGA
infants (6-9,18). While it has traditionally been taught that RA will
remit in pregnancy (19), recent studies have found no improve-
ment or even a worsening of disease in many patients during
pregnancy (20,21).
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SIGNIFICANCE & INNOVATIONS

+ Women with systemic lupus erythematosus (SLE)
and rheumatoid arthritis (RA) are at increased risk
for preterm delivery, cesarean delivery, preeclamp-
sia, and delivery of neonates who are small for ges-
tational age.

We hypothesized that patient-reported measures of
disease activity might provide useful adjuncts to phy-
sician-reported measures in identifying pregnancies
at greater risk for adverse pregnancy outcomes. The
present study demonstrated an interesting con-
trast between the utility of existing patient-reported
measures of disability in SLE when compared to RA.
To our knowledge, we are the first to evaluate
how patient-reported outcomes correlate with ad-
verse pregnancy outcomes in patients with SLE.
Prior studies have relied on physician-reported
measures of disease activity to assess rheumatic
disease activity during pregnancy.

Almost half of the pregnancies in women with SLE
were in African American women, providing rich ra-
cial diversity to this study.

Prior studies have relied on physician-reported measures
to assess rheumatic disease activity during pregnancy. How-
ever, many obstetricians are inexperienced in the treatment of
autoimmune disease in women, and most rheumatologists are
inexperienced in the treatment of women who are pregnant. We
hypothesized that patient-reported measures of disease might
provide useful adjuncts to physician-reported measures in iden-
tifying pregnancies at greater risk for adverse pregnancy out-
comes. This could help physicians who are inexperienced with
this population select which patients require closer follow-up and
give possible referrals to providers who specialize in autoimmune
disease and pregnancy and maternal-fetal medicine. Patient-
reported measures of RA activity have been well tested and val-
idated outside of pregnancy and include the Health Assessment
Questionnaire (HAQ), RAPID 3, visual analog scales of pain and
global health, and the Rheumatoid Arthritis Disease Activity Index
(22,23). Some studies suggest that these can be used to enhance
doctor-patient communication and save time for the physician
(24). Less is known about the utility of patient-reported measures
in patients with SLE (25,26). In this study, we sought to under-
stand the utility of several patient-reported measures in identifying
women at increased risk for adverse pregnancy outcomes.

PATIENTS AND METHODS

Sequential pregnant women with SLE or RA were enrolled
in the Duke Autoimmunity in Pregnancy Registry at their first

rheumatology clinic appointment during pregnancy. The registry
was approved by the Duke University Institutional Review Board
(Pro00000756) and informed consent was obtained from all
patients at the time of enrollment. Each pregnancy was followed
prospectively through the postpartum period, with standard-
of-care visits that included data collection of both patient- and
physician-reported measures of activity for the registry. Patient-
reported outcomes (PROs) were obtained at nearly every visit.
The measures collected since the establishment of the registry
include the HAQ, visual analog scales of pain and general health,
the Short Form 36 Health Survey, and a depression screen. These
measures were in wide use and validated at least outside of preg-
nancy at the time the registry was established. Measures such as
the Systemic Lupus Activity Questionnaire and Lupus Quality of
Life PRO were not in wide use at the time the registry was estab-
lished in 2007 (27,28). All patients were assessed by a single rheu-
matologist, and the physician’s global assessment (PhGA) was
completed without knowledge of any patient survey measures.

Adverse outcomes. \We assessed 6 outcomes (preterm
birth, gestational age, cesarean delivery, SGA, preeclampsia, and
pregnancy loss) by patient report in the weeks following delivery
and, when available, by chart review. Preterm birth was defined as
any live birth before 37 weeks. Gestational age in weeks describes
the week of pregnancy at which the child was delivered, calcu-
lated either from the last menstrual period or an early ultrasound
measurement. SGA was defined as being below the tenth per-
centile in weight for the week of gestation of delivery, by sex (29).
Instances of preeclampsia were defined by an obstetric diagnosis
of preeclampsia, because it was not possible to document blood
pressures and urine protein levels for all patients at delivery.

Disease activity. Patient-reported measures. The principal
measure of patient-reported disease activity was the HAQ, which
was developed as a measure of physical function in a variety of
rheumatic diseases (30,31). Because certain activities (such as
bending over to pick up items) may become more difficult in preg-
nancy, it is clear that the HAQ score may be affected by pregnancy
(20,32,33). Using the study by de Man et al (33) as an example, for
our study we removed from the HAQ questions related to dress-
ing oneself, tying shoes, getting in and out of bed, climbing up 5
steps, taking a bath, bending down and picking up clothing off the
floor, and getting in and out of a car. We also utilized visual analog
scales to measure pain in the last week and general health (both
scales range 0-10, with O representing no disease activity). Our
study included analyses using visual analog scales for pain and
general health as patient-reported measures of disease activity.

Physician-reported measures. \We compared the patient-
reported measures of disease activity with physician-reported
measures. The physician-reported measures served as bench-
marks for the utility of the patient measures. The physician meas-
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ure of disease activity used in our analyses was the PhGA (34). For
SLE, the score ranges from 0-3, with O representing no disease
activity, a 0.5 or 1 representing mild-to-moderate activity, and a 1.5
typically representing significant non-nephritis disease activity or
mild nephritis. Anyone assigned a 2 or above has active internal
organ disease, usually nephritis. The range of the PhGA in SLE
differs from the PhGA in RA. In RA, patients are assessed on a
scale of 0-10 with O representing no disease activity. We selected
the maximum value of the HAQ and PhGA during the pregnancy.
The maximum value for each PRO for each patient was chosen as
the best proxy for whether a patient experienced high disease ac-
tivity during pregnancy. Sensitivity analyses were performed using
average PRO scores, as well as the HAQ score for each trimester;
all results were similar. We selected the maximum value because
we believed it would be unlikely to mask a disease flare (as might
occur when using an average value), and would alleviate the risk
of missing the importance of disease activity in any given trimester.
For RA patients, we also assessed the 28-joint count measure, a
summary of the number of tender and swollen joints. Joints that
appeared to be swollen due to pregnancy alone were not included
in the joint count assessment.

Confounding variables. \We used a directed acyclic graph
(DAG) to model the relationship between potential confounding var-
iables to derive the minimally sufficient set of confounders to adjust
for in our models that was reduced based on a 10% change in
beta estimates (Figure 1) (35,36). We selected race, living arrange-
ments, education level, and body mass index (BMI) as key con-
founders for pregnancy outcomes. Race was designated as either
African American or other. Women were either living with a spouse/

7
Patient Measure Pregnancy Outcome

Disease_Duration PGA Labs

Figure 1. Directed acyclic graph (DAG; based on creation and
evaluation of DAGs by Textor et al [52]) modeling the relationship
between potential confounding variables. BMI = body mass index;
PGA = physician’s global assessment.

partner or not; this variable is used as a surrogate marker for soci-
oeconomic status and social support. Education level is separated
into those who have at least a college education and those who do
not. BMI is a continuous variable based on the first trimester BMI.

Statistical analysis. Univariate analyses of each disease
measure and pregnancy outcome were conducted, followed by
multivariable logistic and linear regression models, adjusting for
the confounding variables of race, living arrangement, education,
and BMI. Results from the logistic regression models are reported
as odds ratios. Due to collinearity between the PhGA and the
HAQ, pain level, and general health measures in RA patients, we
did not include measures of patient- and physician-reported dis-
ease activity in the same model. Rather, separate analyses were
conducted for the RA pregnancies.

Lupus nephritis and antiphospholipid syndrome (APS) are
both predictors of poor pregnancy outcome in women with SLE,
but we did not consider them as confounders based on the DAG
model, because while they are expected to influence the PhGA
and outcomes, they are not expected to directly impact measures
of patient-reported disability such as the HAQ or pain level. Strat-
ified multivariable analyses were not possible due to the small
number of patients with lupus nephritis, APS, or antiphospholipid
antibodies (aPLs). Instead, sensitivity analyses were conducted
comparing the frequency of events in the pregnancies in women
with a history of lupus nephritis, those with APS, and those with
positive aPLs and those without. APS was defined based on the
Sapporo criteria (37). All data analyses were performed using
Stata statistical software (version 14.0).

RESULTS

QOur patient panel included 145 women with SLE and 80
women with RA (including 17 patients with juvenile rheumatoid
arthritis). There were substantial differences in the baseline char-
acteristics of these 2 populations. Patients with RA were more
likely to be older, white, living with a spouse or partner, and to have
completed at least a 4-year college education (Table 1). Half of the
lupus patients had a history of a positive Ro antibody, but only
17% had a history of lupus nephritis. Ten percent of women with
SLE and 6% with RA had positive aPLs, 2 of whom met the crite-
ria for APS. The average number of visits for patients with a diag-
nosis of SLE was 3.5. The average number of visits for patients
with RA was 3.2.

Rates of adverse events were higher in pregnant patients
with SLE. Preterm birth occurred in 30% of SLE pregnancies,
cesarean delivery in 55% of SLE pregnancies, and pregnancy
loss occurred in aimost 10%. Preterm birth occurred in 14%
of RA pregnancies, cesarean deliveries occurred in 37%, and
pregnancy loss occurred in 4.5% of women with RA. In each
analysis discussed below, the maximum value of the PhGA and
PRO during the pregnancy was used. In all cases we performed
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Table 1. Patient characteristics of women with systemic lupus
erythematosus and rheumatoid arthritis*

SLE RA
Characteristics (n=145) (n =80)
Maternal age at delivery, 30 (20-45) 33 (18-49)
mean (range) years
Race/ethnicity
White 63 (43) 63 (79)
African American 73 (50) 11 (14)
Asian 4 (3) 4 (5)
Other 5(3) 2(3)
Single
Living with spouse/partner 98 (68) 68 (85)
Living alone 31 (21 11 (14)
Missing 16 (11) 1(1)
Education
Completed college 75 (52) 60 (75)
Less than college 55 (38) 19 (24)
Missing 15 (10) 1(1)
Ist trimester BMI
<25 41 (28) 29 (36)
25-30 37(26) 29 (36)
>30 49 (34) 16 (20)
Missing 18 (12) 6(8)
SSA/Ro+
Positive 71 (49) 5 (6)
Negative 70 (48) 51 (63)
Missing 4 (3) 24 (30)
Nephritis
History of nephritis 25(17.2) -
No history 120 (82.8) -
aPL labs
Positive 12 (8) 5 (6)
Negative 133 (86) 38 (48)
Missing 8 (6) 37 (46)

* Values are the number (%) of patients, unless indicated other-
wise. SLE = systemic lupus erythematosus; RA = rheumatoid arthri-
tis; BMI = body mass index; aPLs = antiphospholipid antibodies.

sensitivity analyses using average PRO scores, as well as the
HAQ score by trimester; there was no substantive change in the
results.

Lupus disease activity and preterm birth. Among
lupus pregnancies, the preterm birth rate rose steadily with
physician-assessed disease activity (Table 2). In lupus
patients, 20% of pregnancies with a maximum PhGA score
of O delivered preterm compared to 60-80% of pregnancies
with a maximum PhGA score of 2 or 3 (the PhGA score in SLE
ranges from 0-3, with 3 representing maximum disease activ-
ity). This tight correlation between physician-assessed lupus

activity and preterm birth remained in multivariable analysis
(Table 3), with each 1-unit increase in PhGA increasing the
risk for preterm birth almost 3-fold, and shortening pregnancy
by an estimated 4 weeks. Alternatively, the patient-reported
measures reported by women with SLE, the HAQ, and the
scores for pain and general health were not predictive of
preterm birth. While the effect of HAQ on gestational age of
babies born in patients with lupus approached statistical sig-
nificance, the direction was unexpected. The effect estimate
would suggest that a higher HAQ score, and thus, greater
patient-reported disease activity, is associated with a longer

pregnancy.

RA disease activity and preterm birth. In univari-
ate and multivariable analyses, patient-reported disability and

Table 2. The rate of preterm birth based on the physician’s global
assessment and patient-reported disability with univariate logistic
regression modeling*

Assessment Preterm birth OR (95% Cl), P
SLE PhGA 3.0 (1.6-5.9), <0.01
0 20
0.5 28
1 33
1.5 60
2-3 86
SLE HAQ 1.3(0.6-2.5), 0.5
0-0.4 24
0.5-0.9 33
1-1.4 30
1.5-1.9 60
2-3 0
RA PhGA 1.8 (1.2-2.7), <0.01
0-1.9 9
2-3.9 15
4-59 60
6-7.9 50
8-10 100
RA HAQ 4.4(1.4-14.0), 0.01
0 9
0.5 0
1 18
1.5 50
2-3 100

*Values are the percent of preterm births for patients with system-
ic lupus erythematosus (SLE) and those with rheumatoid arthritis
(RA), based on physician’s global assessment (PhGA) and patient-
reported disability (health assessment questionnaire [HAQI). A
PhGA score of 0 represents no disease activity and a HAQ score
of 0 represents no disability. OR = odds ratio; 95% Cl = 95% confi-
dence interval.
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Table 3. Association between disease activity by patient-report (HAQ) and physician-report (PhGA)*

SLE HAQ%

SLE PhGA%

RA HAQS RA PhGAS

Gestational age,
weekst

Preterm birth

1.40(1.3,6.3),0.06

0.99(0.4,2.4),0.98
Cesarean delivery 0.5(0.2,1.3),0.15
Preeclampsia 0.96 (04, 2.4),09
SGA 0.6(0.2,1.5),0.3

Fetal loss 0.2 (0.02,2.1),0.2

-2.9(-5.3,-2.7), <0.01

2.9(1.3,6.3),0.01
2.3(1.0,5.3),0.046
2.8(1.3,6.3),0.01
0.7(0.3,1.7),0.4
(0.1,3.1), 0.6

-1.5(-2.6, - 0.4), <0.01 -0.6 (-0.9, -0.2), <0.01

5.9(1.5, 23.9), 0.01
1.4(0.5, 4.0), 0.51
0.5(0.1,2.9),0.5
1.6(0.4,73),0.5
0.1 (0.00, 13), 0.2

2.1 (1.2,3.5), <0.01
1.3(0.9,1.8),0.15
0.7 (0.4, 1.4), 0.4

1.8(1.03,3.1),0.04
1.0(0.5,2.2), 0.9

* Values are the odds ratio (95% confidence interval [95% Cl]), P value unless indicated otherwise. Multivariable regression analysis adjust-
ments were made for race, living arrangements, education level, and body mass index. SLE = systemic lupus erythematosus; RA = rheuma-

toid arthritis; SGA = small for gestational age.
t Values are 3 (95% Cl), P-value.

} Health Assessement Questionnaire (HAQ) and physician’s global assessment (PhGA) were included in the same multivariate model.
§ HAQ and PhGA were assessed in separate multivariate models, due to collinearity.

pain, as well as physician-reported RA disease activity were
statistically significant predictors of preterm birth. For each
1-unit increase in the HAQ, the odds of preterm birth increased
almost 6-fold and shortened pregnancy by 1.5 weeks. Pain
was associated with shorter pregnancies, but only approached
statistical significance in preterm birth; in both cases the effect
size is smaller than with the HAQ (see Supplementary Table 1,
available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23621/abstract). The
patient’s assessment of general health was not associated with
preterm birth or pregnancy length. Living without a partner or
spouse was associated with an increase in the risk of preterm
birth.

Physician-reported RA activity had a similar impact on preg-
nancy outcomes as patient-reported activity (Tables 2 and 3). A
1-unit increase in the PhGA, (which is reported here on a scale
from 0-10, in contrast to SLE) was associated with a 2-fold
increase in preterm birth and shortened pregnancy 0.5 weeks.
For gestational age, the PhGA coefficient was smaller than the
HAQ); however, the HAQ varies on a scale from 0-3 whereas the
PhGA for RA patients varies from 0-10. The joint count was asso-
ciated with preterm birth (OR 1.26 [95% confidence interval (95%
Cl) 1.1-1.5]), with a 1-unit increase in joint count corresponding
to a pregnancy shortened by a day (see Supplementary Table 1,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23621/
abstract).

Cesarean delivery. As expected based on the impact
of BMI on cesarean delivery rates in the general population,
in both lupus and RA, a higher BMI was associated with
increased odds of cesarean delivery (OR 1.2) (the range for
first trimester was BMI 17-71 in our data set). The change
in the rate of cesarean delivery as maternal weight increased
from the normal to obese range was substantial (Table 4). In
lupus patients, 7 out of 8 women with a BMI >40 delivered by

cesarean section, a rate of 88%.

Physician-reported lupus activity was associated with
increased odds of cesarean delivery, with a 1-unit increase in the
PhGA associated with 2.3 greater odds of cesarean delivery (P =
0.046). Patient-reported measures in women with lupus were not
associated with cesarean delivery. RA activity was not associated
with cesarean delivery, whether physician- or patient-reported.

SGA. In the case of SGA children, the only statistically signifi-
cant variable in any analysis was physician-reported disease activ-
ity in RA patients. A 1-unit increase in the PhGA was associated
with 1.7 greater odds of having an SGA infant.

Preeclampsia. The only statistically significant variable
in any analysis was physician-reported lupus activity. A 1-unit
increase in PhGA was associated with 3 times greater odds of
preeclampsia (P = 0.01). This effect remained similar and statisti-
cally significant in models with HAQ, pain, and general health as
the patient-reported measures.

Pregnancy loss. None of the measures that we included
in our models correlated with pregnancy loss. There was no dif-
ference in rates when comparing those with and without lupus
nephritis or aPLs.

Multivariable analyses stratified by nephritis or aPLs/APS
were not possible due to the small number of patients with these
findings. The rates of preterm birth were higher among patients
with a history of nephritis than in those without (48% versus 24%)

Table 4. Cesarean delivery rate by body mass index*

BMI category SLE RA
Normal weight (<25) 30 24
Overweight (25-30) 56 33
Obese (>30) 64 62

* Values are the percent of patients with systemic lupus erythema-
tosus (SLE) and rheumatoid arthritis (RA). BMI = body mass index.
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as were rates of preeclampsia (32% versus 13%); however, rates
of cesarean delivery, SGA births, and pregnancy loss were nearly
identical. Positive aPLs were uncommon in this population, with
only 17 pregnancies in women with positive aPLs (12 with SLE,
5 with RA). Only 2 women met the criteria for APS. Among lupus
patients, rates of pregnancy loss were similar in those with and
without aPLs (9% versus 8%). Rates of pregnancy loss in RA
patients with aPLs were lower than those without such antibodies,
but were not significantly different (0% versus 5%).

DISCUSSION

The present study demonstrated an interesting contrast
between the utility of existing patient-reported measures in SLE
when compared to those in RA. Among patients with lupus,
only measures of physician-reported disease activity, and not
measures of patient-reported disability, pain, or general health,
correlated with adverse pregnancy outcomes. In contrast, in RA,
both patient and physician-reported measures were useful pre-
dictors of adverse pregnancy events. The HAQ was adjusted for
pregnancy; therefore, any changes in this measure were unlikely
to be due to pregnancy alone.

As has been demonstrated previously, the physician measure
of disease activity proved to be a reliable predictor of adverse preg-
nancy outcomes in lupus patients, including preterm birth, cesar-
ean delivery, and preeclampsia (27,38). A higher physician score
was associated with substantial decreases in gestational age, as
well as increased odds of preterm birth, preeclampsia, and cesar-
ean delivery. When compared to the patient-reported measures,
an interesting pattern emerged. The HAQ, which measures disa-
bility, as well as measures of global health and pain, did not cor-
relate with adverse pregnancy outcomes in lupus. Moreover, in
the models for gestational age and cesarean delivery, the effect
of patient-reported disability suggested that higher levels of pain
and disability were actually associated with larger babies, longer
pregnancies, and lower odds of preterm birth. However, these
results were not statistically significant. It is likely that these meas-
ures do not correlate well with outcomes because the HAQ does
not correlate with inflammation in lupus (and thus pregnancy out-
comes). It is also interesting that outcomes in women with lupus
did not correlate with their general level of pain or their sense of
their general health. As much attention is placed on controlling
lupus activity in pregnancy, a key component of care is identifi-
cation and treatment of lupus activity. To our knowledge, we are
the first to study how patient-reported outcomes correlate with
pregnancy outcomes in patients with SLE. It appears, however,
that the surveys about physical function, pain, and global health
did not capture the types of lupus activity that impact pregnancy
outcomes.

In patients with RA, both patient- and physician-reported
measures appeared to be useful as prognosticators of adverse
pregnancy outcomes and could assist physicians in identifying

and treating pregnancies at higher risk for adverse outcomes.
Greater patient-reported disability and pain were associated with
shorter pregnancies, smaller babies, and an increase in the risk of
preterm birth. There was no correlation with cesarean delivery or
pregnancy loss.

An important strength of this study was the depth of data
collected for each pregnancy, which allowed for all models to
be adjusted for several factors known to impact pregnancy out-
comes. Race, particularly in patients with lupus, contributes to
increased rates of adverse pregnancy outcomes (39). African
American and Hispanic women have higher rates of cesarean
delivery, preterm labor, preeclampsia, and gestational hyperten-
sion (40). Aimost half of the pregnancies in women with SLE were
in African Americans, which provided rich racial diversity to the
present study. Living with a partner or spouse reflects social sup-
port that likely impacts financial and physical access to prenatal
and postpartum care; in the present study, this was associated
with preterm birth in women with RA (41,42) in this study. Educa-
tion reflects socioeconomic status and health literacy (43). It likely
impacts adherence to medication, prenatal care, income, and
other factors relevant to disease activity and pregnancy outcomes
(44,45). Finally, BMI affects both perceptions of disability and dis-
ease activity, as well as birth outcomes (46,47).

In addition, in the present study the data were stratified by
2 lupus-related parameters that impact pregnancy outcomes. A
history of lupus nephritis is associated with higher rates of mater-
nal complications, such as preeclampsia (48,49) and lupus flares,
as well as poor pregnancy and fetal outcomes (49,50). APS anti-
bodies have been shown to increase the risk of pregnancy loss,
preterm birth, and maternal hypertension (10,38,51). The gener-
alizability of this study may be limited, as the study population
was composed of volunteers at a tertiary referral center. Women
more prone to pregnancy loss may have never presented for eval-
uation, and so our data may underrepresent the rates of preg-
nancy loss, hampering our ability to detect a relationship between
disease activity and loss. In addition, we possessed incomplete
data on prior pregnancies, including pregnancy outcomes such
as prior cesarean deliveries. We were thus unable to account for
the effect of prior pregnancies and adverse pregnancy outcomes
in our analysis. It is possible that the measures we used were
not appropriate for measuring the types of disease activity that
influence pregnancy outcomes in women with lupus. The most
important predictors of lupus outcomes are signs not typically felt
by a patient, including proteinuria, aPLs, thrombocytopenia, and
hypertension (5,12). It appears that the HAQ, pain, and general
health measures provide a window into the symptoms experi-
enced by many women with lupus, but do not measure the signs
that are key to pregnancy success.

In conclusion, our study demonstrated a clear difference
in the utility of patient-reported measures in the pregnancies
of women with SLE and RA. Among women with SLE, patient-
reported measures of physical functioning, pain, and global
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health did not correlate with adverse pregnancy outcomes,
but the physician’s assessment of lupus activity did provide a
useful tool in prediction of preterm birth, cesarean delivery, and
preeclampsia. Our findings suggest that our patient-reported
measures of lupus activity were inadequate for identifying preg-
nancies at highest risk for pregnancy complications. In contrast,
for women with RA, both the patient- and physician-reported
measures were useful predictors of adverse pregnancy out-
comes, suggesting that patient-reported measures may be
useful adjuncts to the physician assessment in identifying and
treating pregnancies at higher risk for adverse events.
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Poverty, Neighborhoods, Persistent Stress, and Systemic
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Patients’ Perspective
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Objective. To obtain the perspective of individuals with systemic lupus erythematosus (SLE) regarding the role of
poverty, neighborhood, and chronic stress in SLE outcomes.

Methods. Through annual structured interviews as part of the Lupus Outcomes Study, 723 persons with SLE were
followed from 2003 to 2015 in order to establish the effect of combinations of poverty, persistent poverty, residence
in an area of concentrated poverty, access to health care, and chronic stress on accumulated damage. We obtained
a sample of 28 of the 723 individuals on the basis of household income, geography, and outcomes in their last in-
terview, and administered qualitative interviews to explore their perspectives on the impact of these factors on SLE
outcomes. The interviews were recorded, transcribed, and analyzed using a grounded theory approach.

Results. Persons in poverty frequently reported that poverty necessitated a choice to deal with food, medical
care, and housing insecurity on a daily basis and to relegate their management of SLE to occurrences of disease
flares. They also reported that exposure to crime in their neighborhoods was a stressor that triggered worse disease
activity. Affluent participants reported that neighborhood neither helped nor hindered dealing with SLE, because they
relied on networks not tied to neighborhoods to deal with SLE.

Conclusion. Mitigating poverty and reducing exposure to crime through moving to safer neighborhoods are fac-

tors identified by individuals with SLE as potentially critical in disease outcomes.

INTRODUCTION

The relationship between low income and poor disease
outcomes has been established in numerous studies of the
general population (1,2) and in those of individuals with spe-
cific clinical conditions, including systemic lupus erythematosus
(SLE) (8-7). In a prior study (8), we used a national longitudinal
sample of persons with SLE to establish that current poverty
and persistent poverty at one point predict the extent of accu-
mulated damage five years later, with the effect accentuated
among the poor living in areas of concentrated poverty and
lessened among those who permanently exit poverty. Addition-
ally in our previous study, we demonstrated the extent to which
individuals’ perceived stress over the last month (9) accounted
for a significant amount of the effect of poverty on disease
damage.
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However, there were several questions that emerged from the
present study, including what was it about poverty that resulted in
higher levels of damage (including but not limited to the effects of
differential access to the health care system); what were the kinds
of stressors that were particularly salient in the lives of those with
SLE; what were the phenomena that intensified or reduced the
effects of stress for poor and nonpoor alike, or that had a greater
effect on the poor; and what were the detrimental and beneficial
aspects of the neighborhood in helping individuals cope with SLE.

Because many of these questions had not previously been
addressed systematically in the SLE literature, we embarked on
an exploratory analysis using qualitative interviews with 28 per-
sons with SLE who were systematically sampled from the larger
study, in order to provide insight into the specific processes that
may result in higher levels of disease damage.
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SIGNIFICANCE & INNOVATIONS

* Prior studies have established that personal pover-
ty and living in areas of concentrated poverty were
associated with increased levels of disease damage
in systemic lupus erythematosus (SLE) and that
access to and quality of medical care were not the
principal reasons for the increased damage.

« To our knowledge, this study is the first to docu-
ment that attention to securing adequate food,
medical care, and housing relegates focusing on
disease to a secondary concern, except at times of
disease flares.

+ To our knowledge, this study is also the first to doc-
ument the extent to which the experience and/or
fear of crime is a stressor that affects persons in
poverty who have SLE.

MATERIALS AND METHODS

Overview. In the previous study, broad themes relating
poverty and living in an area of concentrated poverty to height-
ened damage were identified, but not the specific triggers. In
such instances, qualitative interviews can be helpful in uncovering
what individuals living with SLE perceive to be the reasons that
low income or adverse neighborhood circumstances may lead
to damage, along with the impact of differential experiences with
the health care system. We developed a series of open-ended
questions that delved into these issues and then used a grounded
theory approach to extract meaning from the interview data (10).

Data source. The data source for the research was the
Lupus Outcomes Study (LOS) (11). The LOS began in 2003,
enrolling individuals with confirmed SLE diagnoses who had pre-
viously participated in genetics studies of lupus and had been
recruited nationally from a combination of clinical and nonclinical
sources. The principal data collection for the LOS was an annual
structured telephone interview that covered the status of the SLE,
enumeration of medications and health care, and standard demo-
graphic items. The content of the annual survey has been fully
described in prior publications (7,11,12).

LOS participants reported on their household income in each
annual survey, which, when combined with data on household
size, enabled us to categorize each of them into those whose
household income was at or below 125% of the federal poverty
level versus above this level, which is the study definition of pov-
erty (7). The extent of poverty in the participants’ local neighbor-
hoods was obtained by matching their geocoded addresses to
information from the American Community Survey (13,14) at the
level of the census block group, which encompassed between
600 and 3,000 individuals in the immediate neighborhood. We
defined areas of concentrated poverty as those in which >30% of
households were at or below the poverty level (15).

Sampling. Sampling for the qualitative interviews was based
on a combination of specific criteria that were identified in the prior
quantitative study (as outlined below) and purposive sampling
based on an assessment by the study interviewers to determine
which respondents to the structured annual survey would likely be
informative respondents (16).

There were 723 respondents to the 2014-2015 LOS annual
survey. From those 723 individuals, we limited the cohort of
those targeted for qualitative interviews to those defined as poor
(n = 116) or who reported household incomes of >$100,000 (n =
94) to highlight the impact of monetary resources on access to
care and outcomes. We further stratified the individuals in pov-
erty into those who did (n = 50) and did not (n = 66) live in areas
meeting the study definition of concentrated poverty. For both
the poverty and affluent groups, we included those who were at
or above the highest quartile of disease damage versus below,
as measured by the Brief Index of Lupus Damage (17,18). To
ensure adequate geographic diversity, we also oversampled
among respondents living outside of California. Finally, among
those who were eligible on the basis of income, residence in
areas of concentrated poverty, degree of disease damage accu-
mulated, and residence inside and outside of California, we set a
higher priority on respondents designated by the interviewers as
likely being informative.

Because of the long history of participation in the LOS
annual quantitative interviews, all patients we asked to partici-
pate in the qualitative interviews agreed to participate; we did not
have to go beyond those targeted as being potentially informa-
tive respondents. Qualitative interviews were completed with 28
individuals, 11 from the affluent group, and 17 from the poverty
group (@among whom 11 lived in areas of concentrated poverty).
Twelve of the 28 individuals who completed qualitative interviews
lived outside of California (5 from among the affluent group and 7
from the poverty group).

After obtaining verbal consent from each participant, inter-
views were conducted by a single individual (JB) and were
recorded and transcribed. The study was approved by the Uni-
versity of California, San Francisco Institutional Review Board.

Content and conduct of qualitative interview. The
content of the interviews was guided by a list of major themes
to be covered, in order to ensure that all participant responses
accounted for the same material. The themes were drawn from
the findings of the quantitative study about the relationship among
income, neighborhood poverty, stress, and accumulated dam-
age. There were 2 overarching themes. The first theme concerned
health care for individuals with SLE, including gaining access to
SLE care, maintaining access, and maneuvering through the
health care system. The second theme concerned the stressors
that affect the status of their SLE. Also, we explicitly asked about
the negative and positive aspects of their neighborhoods in regard
to access to SLE care or the status of their SLE.
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We conducted a pretest of the interview protocol with study Table 1. Interview guide for patients with systemic lupus
investigators and with several SLE clinic patients who were not erythematosus (SLE)
LOS participants. Analysis of the pretest interviews resulted in the

1. Health care theme: Gaining and maintaining access to

revised interview guide shown in Table 1. Interviews conducted
with this guide took 45-60 minutes to complete.

Analyses. The broad themes of the interviews derived
from the prior quantitative study, but in the analysis we used a
grounded theory approach to capture and understand informa-
tion on processes that differentiate the impact of low income,
experience and meaning of stress, and beneficial and detrimen-
tal effects of neighborhood on SLE damage. In order to accom-
plish the goal of highlighting the processes that translate these
characteristics into adverse disease outcomes, we systematically
reviewed the interview content to ensure that we had captured the
universe of responses about the processes (e.g., confirming that
no other specific aspect of neighborhoods were being mentioned
as having positive or negative effects). We then sought to see if
the responses adhered to specific patterns, for example, cer-
tain responses about specific phenomena being more common
among the poor might suggest a potential explanation for why the
poor experienced heightened levels of damage (19).

To begin the process of combing the data, the interviewer
summarized the responses of each respondent at the conclusion
of the interview as they related to the study themes. One group
representative (EY) listened to the recordings, reviewed the tran-
scripts, and then coded the responses for the health care theme
(whether the individual was able to gain access to health care and
maintain it) and the stress theme. After review of the audio tapes
and transcripts, respondents’ comments about stressors were
coded to those traditionally associated with the disease in qual-
itative studies, such as the uncertainty of when flares will occur,
dealing with the impacts of organ manifestations and generalized
fatigue and pain, and the effect on functioning in and outside the
home (20) or “daily hassles,” as one respondent described. How-
ever, given the study’s focus on the impact of poverty, we also
coded responses that attributed SLE status to socioeconomic
status and financial needs (such as worries about paying for food,
rent, or medical care) and to adverse neighborhood conditions. As
a check on the interpretation of the interview content and coding,
the interviewer’s contemporaneous summary of the interview was
compared to the systematic review of the transcript and audio-
tape for the gist of the information derived from the interview and
resolution of discrepancies, if necessary.

RESULTS

Table 2 describes the characteristics of the 28 study partici-
pants and shows the diversity in demographics and extent of SLE.
On average, respondents were slightly younger than 50 years old
and had SLE for more than 2 decades. Most respondents were
women, and more than two-thirds were members of racial and

health care in general and principal provider specifically
for SLE
a. How long between first symptoms and diagnosis?
b. How long between diagnosis and reaching steady state
of a treatment plan with health care providers?
i. Regular source of care
ii. Principal provider of care
. How did you get to the regular source of care and a
principal provider of care?
i. What were fits and starts?
ii. How much was done yourself and how much by
involving others?
(1) Others who knew people who had SLE or other
serious conditions?
(2) Others who provided tangible and intangible sup-
port?
d. Once in system, what has worked about the regular
source of care and principal provider and what not?
i. Insurance issues
ii. Accessibility of care
iii. Communication/coordination
(1) Falling between cracks
iv.Shared decision-making
e. What about SLE makes it difficult to get the right doctor
and stay with him or her?

(@]

. Living with SLE theme: Description for someone newly

diagnosed with SLE, what makes this illness difficult for you

a. In your mind, what triggers a flare in your lupus?

i. What are the stresses that you know will make your
lupus worse?
ii. What helps to keep it in check?

b. How do you get help from your family and friends to

deal with these issues of having SLE?
i. What do they do to help?
ii. What do you wish they could do for you but don't?

c. Moving beyond your immediate family and friends, what
in your neighborhood helps you deal with lupus and
what gets in the way?

i. Are there a lot of people with whom you can talk
about your lupus?

ii. Do these people help you deal with your lupus by do-
ing things for you or talking things through with you?

iii.What in the neighborhood got in the way of getting
connected to the regular source of care and main
lupus doctor?

iv.What in the neighborhood helps you deal with your
lupus day by day and what is a source of stress?

(1) What in this neighborhood helps reduce the
stress of having lupus or at least helps you deal
with your lupus?

(2) What role if any does your neighborhood play in
triggering lupus flares?

.Open-ended closing, to determine if there are any issues

not covered by the health care and living with SLE themes

a. What would be the ideal physician to help you manage
your lupus? What would that physician do for you?

b. What do you need to help you deal with your lupus?

¢. What would you say to people who ask what they or
your friends and family can do to help you deal with your
lupus?

d. What would you say to people who ask what would be a
good neighborhood for someone with lupus to live in?
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Table 2. Characteristics of study respondents (n = 28)*
491 £12.1 (22-70)
20.5+ 7.6 (5-23)

Age mean = SD (range), years

Disease duration mean + SD
(range), years

Female 25
Race/ethnicity
White (not Hispanic) 8

Hispanic of any race
African American 10
Asian American

Other races/ethnicities 2
Disease activity in worst quartilet 8
Disease damage in worst 14

quartilet
High level of depressive 8

symptomss8

* Values are the number of patients, unless indicated otherwise.
t Systemic Lupus Activity Questionnaire score 215.

% Brief Index of Lupus Damage (17,18) score >5.

§ Center for Epidemiologic Studies Depression Scale score >24.

ethnic minorities (as a result of oversampling among the poor and
those living in areas of concentrated poverty.

Access to and maintenance of SLE care. The results of
the qualitative interviews after coding are shown in Table 3. With
respect to health care access (according to income status), half
of the 28 respondents reported obtaining a diagnosis of SLE and
gaining access to SLE care within 6 months, and 20 reported
maintenance of access and the ability to maneuver through the
health care system to get the care needed after ultimately gaining
initial access (although as shown below, not without some chal-
lenges).

There were no appreciable differences according to poverty
status, those who do and do not live in areas of concentrated
poverty, and in those reporting high versus low levels of damage in
gaining access to SLE care within 6 months. However, it appears
that those at or below poverty were slightly less likely than the afflu-
ent to maintain and successfully maneuver through the health sys-
tem thereafter (10 of 17 of the poor versus 10 of 11 of the affluent).

Even though many study participants gained health care
access quickly and maintained it over time, initial access and
then maintenance of that access presented challenges, as one
participant described. “I was seeing a specialist and then | went
to not having insurance and not being able to go to the special-
ist. So, | started going to the community clinic, where it's income
based...” (poor woman living in area of high concentrated poverty
in rural California).

Another participant noted a loss of insurance before getting
Medicaid. “When | was working at the hospital it was right before
| was getting ready to be hired on full time. Then, they diagnosed
me. Then, next thing | know | was put on SSI [Supplemental

Security Income] and | got Medi-Cal [the California Medicaid Pro-
gram] and food stamps for my children, then everything started
going downhill and | started surgeries and getting sicker and
sicker. In and out of the hospital. The kids thought | was going to
die” (poor woman living in middle class area near Central Valley
city in California).

Additional challenges were noted by another respondent.
“And, not faulting the physicians, but that’s the way our healthcare
is structured right now. You can’t describe your story, or even half-
way give the details to put it all together to make some sense, or
to start doing — for the doctors to take the time to think back to
medical school, what they did and what they learned. Now, it’s
like, oh, okay, if | do this, we’ll give you this and you’re out the
door. See you in two weeks” (affluent woman living in suburban
Arizona).

Traditional and socioeconomic stressors. Table 3 also
includes information on the frequency with which respondents
reported traditional or specific socioeconomic stressors. The
report of traditional stressors as triggers for SLE flares did not
differ among the groups defined by poverty, residence in a high
poverty area, or extent of damage; indeed, all 28 respondents
were coded as indicating that both environmental triggers (such
as sun exposure) or common daily hassles (such as family conflict,
overwork, difficult commutes, etc.) affected their SLE.

Only one of the affluent respondents reported socioeconomic
stressors, which in this case was difficulty in paying for medical
care despite having insurance. In contrast, two-thirds of the poor
respondents mentioned such stressors. When further dividing the
poor into those living in and out of areas of concentrated pov-
erty, it did not appear that the poor outside of such areas were
able to escape socioeconomic stressors. Further analysis of the
2 groups and comparison to those in the higher income category
indicates the reasoning behind why the poor living outside of con-
centrated poverty areas still experienced socioeconomic stress-
ors. Although the poor inside areas of concentrated poverty lived
in areas in which an average of 49% of the residents were poor,
the poor outside those areas lived in areas in which an average of
18% were poor, and certainly many lived adjacent to areas with
higher concentrations of the poor. Thus, the residential environ-
ments of the 2 groups of the poor were not as different as we had
anticipated. Contrastingly, the affluent respondents lived in areas
in which an average of only 8% of the residents were poor (data
on concentrations of the poor not shown).

Several respondents spoke to the inherent stress of facing
monetary uncertainty. “Money stresses make it [the SLE] worse.
Definitely. Because | worry about money all the time and how my
brother’s paying my mortgage and how | wish it was me. How |
wish | could be normal and work” (aforementioned poor woman
living near Central Valley city).

Another participant similarly noted the inherent stress. “It's
rough. | pay like $50 a month—whenever | get my check—$50 a
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Table 3. Experiences of persons with systemic lupus erythematosus (SLE) in health care access and stressors that affect disease status,

2015*
Health care issues Stressors mentioned
Gained SLE Maintained Adverse
care access SLE care Traditional Socioeconomic neighbor-
Group No. in <6 months access™ No. stressors stressors hood effects
Income
High (household M 6 10 1 1 1 0
>$100,000)
In poverty 17 8 10 17 17 M 13
Residence (among those
in poverty)
Areas of concentrated 11 6 5 11 11 6 8
poverty
Not in areas of 6 2 5 6 6 5 5
concentrated poverty
Disease status
Highest quartile of 14 6 10 14 14 3 3
damage
Lowest three quartiles 14 8 10 14 14 7 10
of damage

* Values are the number of participants. Access to SLE care required maneuverability in some instances.

month [for the motorized cart] is all | can afford to pay until it’s paid.
So, I’'m going to go to a collection agency” (poor woman living in
rural Indiana who relocated from more expensive city).

One respondent spoke of this uncertainty and the impact
of money concerns on bandwidth. “No. No, it was a nightmare.
Especially when you’re dealing, you know, with cardiologists and
pulmonologists and nephrologists and every other -ologist. Now
and then, it gets a little bumpy... There’s not a really good path”
(poor woman living in rural Northwest, when asked about medical
expenses). This participant, when asked about a better healthcare
system, added, “Well, it certainly wouldn’t cost as much... We
ended up filing bankruptcy because of my medical bills.”

Another study respondent further addressed monetary
issues. “Well, | had to move in [with my family]— | had to leave
my apartment, well, | lost everything” (poor woman living in rural
Missouri who relocated from Chicago).

One participant stated that the cost of medical care may also
affect the more affluent. “Well, right now I'm paying $215 every
month for a hospitalization | had last June, because ... | don’t
have $5,000 sitting around” (affluent woman living in exurban part
of the San Francisco Bay area).

Many individuals with SLE are forced to delay dealing with
anything other than with food, housing, and medical care inse-
curity due to monetary concerns. “This was all in June. Oh, there
was one more — | can’t think of it now, but | know there were five
things on my plate and it kind of hit me spiraling down. So, | had
to deal with them as they came” (a poor woman living in an area
of concentrated poverty in a Bay Area central city). This particular
respondent made a distinction between daily hassles and more
chronic financial concerns. “| think pretty much any stress that will

keep me worried about it a week later [is the] kind of stress. So,
the long-term stress. Not the oh my God am | going to make it to
work on time kind of stress...”

Another study participant suggested that financial concerns
might translate into less than optimal monitoring of the SLE, even
for someone of her means, envisioning a situation in which she
didn’t have to worry about bills. “It would be Dr. Moneybags, and
he would pay my bills. And then | would go see my rheumatolo-
gist regularly. ... For them to check on my lupus and stuff, those
special tests cost a fortune. And | have to pay 40 or 60%, or what-
ever my fricking percentage is. It’s a lot” (aforementioned affluent
woman living in exurban San Francisco Bay Area location).

The starkest distinction between affluent and poor study par-
ticipants, regardless of whether they resided in an area of con-
centrated poverty, had to do with the role of neighborhood in their
lives. For the affluent, neighborhood played no role in dealing with
SLE. Indeed, most relied on sources outside of their neighbor-
hoods, such as relatives or professional connections, to find and
maintain health care or deal with their disease. “Well, my wife’s a
nurse. So she knew that from her knowledge that Brigham and
Women’s Hospital in Boston had a lupus center...and my father
is a doctor who recommended | get a second opinion there” (an
affluent participant, New England). Professional connections and
willingness to persevere were cited by one respondent. “Yes, I'm
an advocate but I’'m also a nurse and counselor. That’s how |
get to the care | need” (woman living in Arizona). With respect
to neighborhood, another participant responded similarly to oth-
ers in the affluent group in indicating that she knew that living in
a good neighborhood could be helpful but that it wasn’t some-
thing she relied on. “Well, | guess I'd have to say, it’s a very quiet
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neighborhood, so ... | don’t think the neighborhood contributes
to bringing on any kind of lupus symptom” (woman living in an
affluent Boston suburb).

However, the study participants who were poor repeatedly
mentioned the experience of crime, the fear of crime, and being
witness to illicit activities as primary factors affecting the status of
their SLE. Participants noted stressors that made their SLE worse.
“You know, there’s been [three] instances where they'’s try to break
in my house and that just threw me for a loop. | was highly agitated
by that... the latest one was the one where they knocked on the
door— they knocked on the screen door” (poor woman living in
area of concentrated poverty in large Midwestern city). Another
participant also described stressors that impacted her illness.
“Oh, God, the sirens — | hear one now. It's constant, now. ... |
hear a lot of police. A lot of killings over here, robberies. So, when
you do come in at night, it’s the skids — like, ‘OK, can | make it
in here safely, without being mugged or robbed?’” (poor woman
living in area of concentrated poverty in another Midwestern city).

Noting the difficult experience in her current neighborhood,
another study participant described her vision of a better neigh-
borhood. “Helps reduce the stress or helps me deal [with the
SLE]? Here you hear the hustle and bustle. Whereas when | go
to a neighboring city it's more quiet. It's just — you don't feel like
you’re surrounded by all that chaos” (woman from a San Fran-
cisco Bay Area central city).

The poor who lived in rural areas were not immune from the
adverse effects of neighborhood on SLE, as one study respondent
addressed. “I live in a trailer park.... We would be considered to be
living in the best of that part of town — for a town of 6,000 people, |
mean. Yeah. And do [I] feel safe where [[] live? | have a loaded .357
on my nightstand. Yes, | do” (woman from the rural Northwest).

Although the actual experience or fear of crime was men-
tioned repeatedly, separating the impact of adverse neighbor-
hoods from socioeconomic stressors is difficult. Ironically, the
woman living in an area of concentrated poverty in a Midwestern
city who was quoted previously indicated that, at long last, her
neighborhood was beginning to change for the better. However,
she experienced the effects of gentrification as a mixed blessing,
knowing that the experience of crime may be lessened, but also
knowing that gentrification may not serve the current residents
because she will have to leave the neighborhood for one that is
more affordable. “Well, you know, from what I'm seeing, | see
businesses moving back in. And, you know, | see a lot of things
coming back in. But | don’t think it's geared towards the popula-
tion of the neighborhood.”

DISCUSSION

In the approach of behavioral science, asking people about
their experiences may vyield less insight than observance of their
behavior over time. The reason that the revealed preference of
observing behavior may be more reliable than asking individuals

about their behavior (21) is based on the notion that individuals
may not be able to understand why they do things or may say
things to legitimate their behavior. Our previous study (8) was con-
ducted with a behavioral science approach and demonstrated
that current poverty, duration of poverty, and exiting poverty could
explain the extent of subsequent accumulated damage in SLE,
that living in areas of concentrated poverty accentuated the effect
of poverty on disease damage, and that higher levels of perceived
stress accounted for much of the effect of poverty.

There were limits to the behavioral science approach, how-
ever. We knew from the quantitative study (8) that poorer access
to SLE care, lower quality of care, and poorer interactions with
health care providers and health systems mattered in determin-
ing SLE health outcomes, but not all that much. We also knew
that differences in health behaviors between the poor and non-
poor, such as smoking, played a relatively small role. We knew
that stress, as evaluated by standardized measures, had a sub-
stantial effect on SLE health outcomes, but not whether those
were actually the kinds of stresses that individuals experienced as
triggers for flares in SLE. Finally, the literature on the health effects
of neighborhoods has posited that the presence of positive things
like parks and accessible transportation and the absence of neg-
ative things like noise and crime may differentially affect the poor
and nonpoor, with the nonpoor experiencing few of the deleteri-
ous impacts of neighborhoods and the poor experiencing few of
the good ones (22).

The results of the qualitative interviews reinforced the obser-
vation from the prior study about the role of health care. Partici-
pants who were affluent and those who were poor reported similar
experiences in getting to a steady state in SLE care, although the
affluent were more likely to state that they were able to maintain
that steady state and successfully maneuver through the system
to obtain the care that they needed. Both groups held similar
views regarding the impact of traditional stressors for persons with
SLE, including environmental challenges such as sun exposure,
and daily hassles like difficult commutes, overwork, and family
strains. Although both groups cited these stressors, they stated
that the impact of traditional stressors is as much because their
providers or health education materials have told them to reduce
such exposures because the individuals with SLE themselves are
central in their own perceptions of what matters in their SLE.

However, when asked about stresses that affect the sta-
tus of their SLE, the poor were much more likely to report that
socioeconomic stressors such as housing, food, and medical
care insecurity affect them (with the exception of one affluent
woman with high out-of-pocket payments for medical care ser-
vices). The respondents indicated how these concerns weighed
on them, forcing them to focus all attention on securing these
basic necessities which, in turn, led them to focus on SLE symp-
toms only when they must. Their insights are consistent with a
burgeoning amount of health economics literature that focuses
on the scarcity of time and energy in a manner analogous to the
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traditional focus of economics on the scarcity of financial where-
withal (23) and with the sociologic literature that documents the
stress associated with housing insecurity (24).

The observation from our previous study of the accentuat-
ing effect of living in areas of concentrated poverty, beyond the
effect of personal poverty, on damage accumulation led us to
ask respondents about the salutary and adverse aspects of their
neighborhoods. In contrast to what we expected to hear, the
results of the qualitative interviews suggested that, for the affluent
neighborhoods, damage accumulation mattered very little. Many
of the affluent had secured access to health providers through
connections through work or family scattered across the coun-
try, and none mentioned positive aspects of living in good neigh-
borhoods as a relief from SLE symptoms or daily hassles. For
the study participants who were poor, none mentioned positive
aspects of neighborhoods as a way of dealing with SLE care or
stresses that affected their SLE status. But many cited the actual
experience of crime or the fear of crime as an important stressor
or an experience that affected their well-being. Of course, in ret-
rospect, the differences between the affluent and poor were con-
sistent with the observation made repeatedly over the last century
by sociologists, that some of us live in networks not defined by
space, but by social connections (referred to by classical sociol-
ogists as “gemeinschaft,” or by society and contemporary ana-
lysts as “anywhere” people) while others do, for better or worse
(what the traditional sociologists referred to as “gesellschaft,” or
community and contemporary analysts call “somewhere” people)
(25-28). However, the observation that the local community did
not provide a haven in any way, shape, or form is consistent with
the contemporary understanding of the impact of communities of
concentrated poverty with respect to social phenomena in general
(29) and the health effects for persons with SLE in particular (7,8).

The exposure to crime combined with the chronic stress
of food, shelter, and medical care insecurity would appear to be
the major factors that differentiated the viewpoints of poor and
affluent people about SLE. These phenomena are fundamentally
different than either the forms of stress psychologists catalog in
the laboratory, such as being asked to give a speech in public or
daily hassles due to family conflicts, difficult commutes, or even
periodic overwork. The fact that these factors were mentioned
in response to the same series of questions asked of the affluent
and poor participants indicates both that they were not mentioned
as a result of “leading” the conversation and that they were truly
salient to the poor.

There is increasing evidence in research (not specifically
focused on persons with SLE) that providing the poor with the
means of moving to areas with lower concentrations of the poor,
to better neighborhoods, redounds to them in terms of educa-
tional achievement and, down the road, higher earnings (30).
There are preliminary data indicating that there can also be health
benefits (31,32). However, helping the poor to move to better
neighborhoods through housing vouchers may have the paradox-

ical effect of rendering them more “house poor,” unless the hous-
ing subsidies are sufficient to absorb the higher housing costs. If
not, then reducing the stress associated with exposure to crime
by providing housing vouchers may increase housing insecurity,
another key source of stress (24).

We began this inquiry with the supposition that the poor
experienced a higher level of daily hassles, fewer of the benefi-
cial aspects of neighborhoods, and more of the harmful ones. In
response to the guided interviews for the present study, it is clear
that the poor view chronic stress as manifest in food, housing,
and medical care insecurity, and exposure to crime as being cru-
cial to their experience of SLE. Neither daily hassles of living with
a chronic iliness nor the absence of positive aspects of neigh-
borhoods were identified as producing our hypothesized results.

The thoughts of the persons with SLE with whom we con-
ducted these extensive qualitative interviews may also help to
explain why medical care doesn’t play a more central role in why
the poor have more adverse outcomes (as respondents reported
that they are largely able to initially access and then maintain that
access to care), and why the stresses associated with sustained
financial insecurity and exposure to neighborhoods with high rates
of crime do (as they are not able to focus on the SLE until they
cannot do otherwise).
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Sleep Disturbance and Depression Symptoms Mediate
Relationship Between Pain and Cognitive Dysfunction in
Lupus

Teresa A. Lillis," *2) Vanessa Tirone,' Nisarg Gandhi,” Stacy Weinberg," Ailda Nika," Winston Sequeira,’
Stevan E. Hobfoll," Joel A. Block," and Meenakshi Jolly'

Objective. To determine whether sleep disturbance and symptoms of depression mediate the relationship be-
tween pain and cognitive dysfunction (CD) in a sample of 115 patients with systemic lupus erythematosus (SLE).

Methods. A total of 115 patients with SLE completed questionnaires regarding pain, perceived stress, depression,
sleep, and CD. Relationships among pain, sleep, depression, and CD were assessed using bootstrap mediation mod-
els, controlling for race/ethnicity, fibromyalgia diagnosis, current corticosteroid use, disease activity and damage, and
perceived stress.

Results. Mediation analyses indicated that the effect of pain on CD was mediated by sleep disturbance (p = 0.30)
and depression symptoms ($ = 0.33). These effects were maintained even after controlling for the aforementioned
covariates, of which only disease activity (p = 0.20) and stress (p = 0.22) remained significantly linked to CD (overall
model R? = 0.53; all P < 0.05).

Conclusion. After controlling for disease activity and perceived stress, the relationship between pain and CD
was explained by sleep disturbance and depression symptoms. Although these relationships need validation in lon-
gitudinal studies with additional measurement modalities, our findings may indicate promising, nonpharmacologic
intervention avenues for SLE patients with pain and CD. Specifically, cognitive behavioral therapies for depression
and sleep are known to reduce distress and enhance functioning across various psychosocial domains. Given the
symptom burden of SLE, interventions that maximize potential benefits without the use of additional pharmacologic

treatments may be of particular utility.
INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease that disproportionately affects young women (ages
15-43 years), ethnic and racial minorities, and individuals of lower
socioeconomic status (1). SLE is characterized by a number of
biomedical and neuropsychiatric symptoms that have been asso-
ciated with reduced quality of life (QoL) and increased work-related
disability. Recent estimates suggest that 15-51% of patients with
SLE terminate employment within 2—15 years after diagnosis, and
more than half (60%) are unemployed 20 years after diagnosis
(2). As such, estimates of annual direct costs per patient due to
SLE range from $13,494 to $55,344, while indirect costs have
been estimated to range from $1,252 to $20,046 (1,3). Individual
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indirect costs have superseded direct costs in some cases due to
the impact of the associated symptom profile of SLE (e.g., pain,
fatigue, depression, impaired cognition) on work-related disability
(1,2). SLE patients report significantly reduced QoL across phys-
ical, mental, occupational, and social functioning domains, which
often exceed reductions in QoL associated with other, more com-
mon chronic diseases, including hypertension, congestive heart
failure, and major depression (4,5).

Given the cumulative symptom burden of SLE and associ-
ated challenges of traditional biomedical treatment approaches,
clinicians and researchers have begun to approach SLE from a
biopsychosocial framework and identify behavioral and psycho-
logical symptom targets for intervention-related strategies (6). Of
the numerous behavioral and psychological symptoms associated
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SIGNIFICANCE & INNOVATIONS

+ Cognitive dysfunction (CD) and pain are common
symptoms among patients with systemic lupus ery-
thematosus (SLE) and adversely affect quality of life
and productivity.

+ Sleep issues and depression, also commonly seen
in patients with SLE, may impact both pain and CD.

* Through the utilization of mediation models, we
found that sleep disturbance and depression symp-
toms accounted for the relationship between pain
and CD, even after controlling for disease activity
and stress.

+ Given the symptom burden of SLE, our findings may
indicate promising, nonpharmacologic intervention
avenues, including cognitive behavioral therapies
for depression and sleep, for patients with SLE and
concurrent pain and CD.

with SLE, approximately 20-80% of patients with SLE report expe-
riencing cognitive dysfunction (CD) (7,8). The American College of
Rheumatology (ACR) defines CD in the context of SLE as any sig-
nificant deficit in complex attention, executive functioning, mem-
ory, visual-spatial processing, language, or processing speed (9).
CD has been associated with a number of deleterious outcomes
in patients with SLE, including reduced QoL and increased work-
related disability (10). Currently, there is no consensus on the etiol-
ogy of CD in SLE, and this has been cited as a contributing factor
to the lack of effective interventions for CD in SLE populations (11).
Although previous studies have assessed the influence of other
common SLE-related symptoms (e.g., anxiety), treatments (e.g.,
corticosteroid use), and disease factors (e.g., activity and severity)
on CD outcomes, thus far, the majority of these studies have failed
to establish reliable associations with CD outcomes that would
indicate promising targets for intervention (12).

To our knowledge, no previous study has concurrently
investigated the roles of pain, sleep disturbance, and depression
symptoms in SLE-related CD outcomes. Pain is one of the most
commonly reported symptoms of patients with SLE, with 65%
reporting pain as the most difficult aspect of their disease to man-
age (13,14). Pain is also a well-established correlate of impaired
cognitive functioning in the general population and is thought to
undermine normal cognitive functioning, via utilization of limited
cognitive resources, alteration of neuroplasticity, and dysregulation
of neurochemistry (15).

Further, 17-75% of patients with SLE report symptoms of
depression (16,17) and depression has been linked with both pain
and cognitive impairment. Specifically, along with the core features
of amajor depressive episode (i.e., sad mood and/or loss of interest
or pleasure in normally enjoyed activities) (18), depression is also fre-

quently characterized by changes in cognition, including distorted
thinking patterns, poor concentration, impaired problem-solving,
and reductions in working memory (19). Moreover, ~85% of patients
with chronic pain report symptoms of depression (20,21), and there
is evidence to suggest that depression plays a mediating role in the
relationship between pain and cognitive impairment in rheumatoid
arthritis (RA) populations (22). Additionally, 25-92% of patients with
SLE report disrupted sleep (23-25). Often characterized by reports
of difficulty faling and/or staying asleep, disrupted or fragmented
sleep patterns have also been associated with difficulties in sustain-
ing attention, poor memory consolidation, and impaired executive
functioning (26,27), and with increased pain sensitivity in healthy
individuals (28) and in those with chronic pain (29).

Taken together, these data indicate that there is a sub-
stantial overlap among pain, depression, sleep disturbance,
and impaired cognition processes in the general population as
well as in individuals with chronic diseases. Importantly, little is
known about the interplay among these constructs in patients
with SLE, and thus, mediation modeling is needed to deter-
mine how these variables overlap in SLE populations. Medi-
ation is an empirical statistical method that integrates theory
and data analysis, and is said to occur when the association
between a predictor variable (i.e., pain) and a criterion variable
(i.e., CD) is explained by one or more intervening or mediating
variables (i.e., sleep disturbance and depression symptoms).
Although other analyses adjust for potential confounders of a
statistical relationship to remove nuisance variation, mediation
is useful for considering whether one or more mediating var-
iables participate in a cascade of influence from one variable
to the next. Investigation of sleep disturbance and depression
symptoms as potential pathways between pain and CD in SLE
populations may provide insight into the underlying mecha-
nisms of SLE-related CD and indicate new treatment targets
for improvement of CD in patients with SLE.

Accordingly, mediation modeling was utilized in the
present study in order to ascertain whether the association
between pain and CD could be explained or mediated by sleep
disturbance and depression symptoms in a sample of patients
with SLE, even after controlling for a number of demographic,
medical, and SLE-related treatment and disease covariates.
Given the lack of longitudinal data on these constructs in SLE
populations, and the lack of existing findings demonstrat-
ing that depression plays a mediating role in the relationship
between pain and cognitive impairment in RA populations, we
also evaluated a plausible alternative model in which positive
relationships between sleep disturbance and CD would be
accounted for by pain and depression symptoms.

PATIENTS AND METHODS

A cross-sectional sample of 115 consecutive patients with
SLE was recruited from an outpatient rheumatology clinic. Adult
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patients (ages >18 years) who had physician-confirmed SLE
diagnoses (based on ACR criteria [9]) were eligible to participate.
In order to collect information on demographics, pain, perceived
stress, depression, sleep, and cognitive functioning, participants
completed a series of psychosocial questionnaires. Informa-
tion regarding physician-assessed SLE disease activity (Safety
of Estrogens in Lupus Erythematosus National Assessment
[SELENA] version of the SLE Disease Activity Index [SLEDAI])
(80), disease damage (Systemic Lupus International Collabo-
rating Clinics/ACR Damage Index [SDI]) (31), concurrent diag-
noses of fibromyalgia (FM), and current corticosteroid use were
gathered through a review of the charts in participants’ elec-
tronic medical records (EMR). All participants completed written,
informed consent prior to study participation and this study was
approved by the Institutional Review Board of Rush University
Medical Center.

Primary study variables. Cognitive dysfunction. Two
items from the Lupus Patient-Reported Outcome (LupusPRO)
tool (version 1.8) (32) were used to assess CD. Respondents were
asked to rate, on a scale from 0 (none of the time) to 4 (all of the
time), the degree to which they had experienced poor memory
and lack of concentration over the previous 4 weeks. Iltems were
summed to form total scores, with higher scores indicating higher
CD (x = 0.99).

Pain. The Brief Pain Inventory (33) is a 4-item self-report
measure that asks respondents to rate their pain at its worst
over the previous week, at its best over the previous week, on
average, and at the current moment on a scale from 0 (no pain)
to 10 (pain as bad as you can imagine). An index pain score
was then calculated by totaling the 4 ratings, with higher scores
indicating more severe pain («x = 0.96).

Sleep disturbance. Sleep disturbance was assessed using
3 items from the LupusPRO tool (version 1.8) (32). Respond-
ents were asked to rate, on a scale of O (none of the time) to 4
(all of the time), the degree to which they had experienced un-
refreshing sleep, poor sleep quality, and feelings of being worn
out. Items were then summed to form total scores, with higher
scores indicating higher sleep disturbance (x = 0.99).

Depression. Although participants completed the Patient
Health Questionnaire 9 (PHQ-9) (34), their responses to the
first 2 items were used to assess for symptoms of depression.
This decision was made due to the overlap of the other PHQ-
9 items assessing for depression-related changes in sleep and
depression-related changes in cognitive functioning, which
would be statistically conflated with our dependent variable and
sleep-related mediator variable. As such, participants functional-
ly completed the PHQ-2 (35) which asked respondents to rate,
on a scale of 1 (not at all) to 3 (nearly every day), the frequency
with which they have experienced a depressed mood or loss of
interest/pleasure in previously enjoyable activities over the pre-
vious 2 weeks. Higher scores indicated more severe symptoms

of depression, and scores of >3 were suggestive of a potential
major depressive episode (o = 0.79).

Covariates. Demographics and stress. Race/ethnicity was
assessed via self-report (white, Hispanic/Latino, African American,
Asian, or other), and perceived stress was evaluated with the Per-
ceived Stress Scale 4 (PSS-4) (36), a 4-item self-report measure
that asks respondents to rate the degree to which, on a scale of
0 (never) to 4 (very often) scale, they have felt like things were not
going their way, that they were not in control of important things
in their life, that they were not confident in their ability to handle
problems, and that they could not overcome difficulties in their
lives. Total scores ranged from 0-16, with higher scores indicating
higher perceived stress (a = 0.97).

Disease activity and damage. SELENA-SLEDAI (30) was
used to assess SLE disease activity. SELENA-SLEDAI is a cu-
mulative and weighted index that evaluates disease activity
across 24 different disease factors (range 0-105, where O = in-
active disease). The index was performed by a rheumatologist,
with scores >4 indicating active disease. SLICC-ACR/SDI was
used by the rheumatologist to evaluate SLE-related damage
(81). Scores can range from 0 to 47 (where O = no damage).

Concurrent fibromyalgia, current corticosteroid use. A diag-
nosis of concurrent FM (yes/no) was assessed via review of EMR
for documentation of a diagnosis of FM (37) in physician notes
for all participants. Current use of corticosteroid medication (yes/
no) was assessed via chart review of EMRs for all participants.

Statistical analysis. SPSS version 23.0 software was
used to calculate descriptive statistics of primary study var-
iables and covariates and bivariate correlations in order to
determine the strength and direction of relationships between
primary study variables and covariates. Given the well-
documented race-related difference in subjective pain out-
comes (38), preliminary one-way analyses of variance were
also conducted to determine whether any of our primary study
variables differed as a function of race/ethnicity. These analy-
ses indicated that the pain index scores, LupusPRO sleep dis-
turbance total score, LupusPRO CD total score, and PHQ-2
total score differed significantly as a function of African Ameri-
can race. Accordingly, the race/ethnicity covariate was entered
in subsequent analyses as a dichotomous variable (African
American = 1, non-African American = 0). There were only a
small amount of missing data among our primary variables and
covariates (0-4.3%). Given that no one variable had >5% of its
data missing, missing values were mean-replaced (39).

The PROCESS macro, a regression path analysis tool that
can be used to estimate direct and indirect effects in single and
multiple mediation models with SPSS software (40,41), was then
used to evaluate our hypothesized relationships among pain, sleep,
depression symptoms, and CD (primary study variables) with boot-
strapped mediation models controlling for African American race,
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FM status, current corticosteroid use, SLEDAI, SDI, and perceived
stress (covariates). Per reported best practices for evaluating the
significance of indirect effects (42), the PROCESS macro uses
random resample bootstrapping to generate confidence intervals
from which the significance of indirect effects can be evaluated. In
addition to assessing our hypothesized model, we also evaluated a
plausible alternative model where pain and depression symptoms
functioned as mediators of the relationship between sleep distur-
bance and CD.

RESULTS

Sample characteristics. The cross-sectional sample
was 90% female and had a mean + SD age of 40 + 13.28 years
(range 19-72 years). Racial composition was 52% African Amer-
ican, 24% white, 11% Hispanic, 5% Asian, and 8% other. Of the
sample, 55% percent scored above the clinical cutoff for active
disease (mean + SD SLEDAI score 4.92 + 3.97; range 0-20). The
mean = SD SDI score was 0.67 + 1.09 (range 0-6), and 15% of
the sample had a concurrent diagnosis of FM. Approximately 61%
of the sample was being treated with corticosteroids at the time of
participation in the study. In terms of other medication use, 74%
were being treated with hydroxychloroquine, 22% mycophenolate
mofetil, 10% azathioprine, 6% methotrexate, and 3% cyclophos-

phamide. Descriptive statistics and bivariate correlations between
the primary study variables and covariates are presented in
Table 1. CD was significantly correlated with pain (r = 0.39), sleep
disturbance (r = 0.56), and depression symptoms (r = 0.57; all P <
0.05). Twenty-six percent of the sample scored above the clinical
cutoff on the PHQ-2 for a suggestive major depressive episode.

Mediation analyses. Mediation analyses of our hypoth-
esized model (Figure 1) indicated that the effect of pain on CD
was mediated by sleep disturbance (p = 0.30) and depression
symptoms (B = 0.29). As noted previously, pain was significantly
correlated with CD at the zero-order level (P < 0.05); however,
after accounting for the effects of sleep disturbance and depres-
sion symptoms, the relationship between pain and CD was
no longer significant. Thus, sleep disturbance and depression
symptoms were significant independent mediators of the rela-
tionship between pain and CD. Further, these effects were main-
tained even after controlling for the aforementioned covariates,
of which only SLEDAI (B = 0.20) and stress ( = 0.22) remained
significantly associated with CD (overall model R* = 0.53; all
P <0.05).

As noted previously, given the lack of longitudinal data on
the relationships among pain, sleep disturbance, depression
symptoms, and CD in SLE populations and the lack of existing

Table 1. Descriptive statistics and bivariate correlations for primary study variables and covariates*

1 2 3 4 5 6 7 8 9
Primary study variables
Total pain index 1315+12.73 1
(0-40)
Sleep disturbance 62.80 +29.21 0.65t 1
(LupusPRO, sleep) (0-100)
Depression (PHQ-2) 171 +1.84 0.42T  0.52t 1
(0-6)
CD (LupusPRO, cog.) 72.66 + 28.05 0.39T  0.56tf 0.57% 1
(0-100)
Covariates
African American race, 60 (52) 0.21%  0.20% 0.261 0.22% 1
no. (%)
Comorbid fibromyal- 17 (15) 0.251 0.18 0.301 0.30t 0.06 1
gia, no. (%)
Steroid use, no. (%) 70 (61) 0.24% 0.04 0.15 -0.01 012 -0.18 1
SLE activity (SLEDAI) 491 +4.05 0.20% 0.01 0.03 -0.15 0.09 -0.09 0.42t1 1
(0-20)
SLE damage (SDI) 0.67 £1.09 -0.08 -012  -0.07 -0.13 013 -0.10 0.13 0.1 1
(0-6)
Perceived stress 6.21 £ 3.51 034t 037t 0.57t 0.49t 0.19% 0.15 0.05 0.10 0.02
(0-14)

* Values are the mean + SD (range) unless indicated otherwise. LupusPRO = Lupus Patient-Reported Outcome tool; PHQ-2 = Patient Health
Questionnaire 2; CD = cognitive dysfunction; cog. = cognition; SLE = systemic lupus erythematosus; SLEDAI = SLE Disease Activity Index;
SDI = Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index.

tP<0.01
+ P<0.05
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findings showing that depression plays a mediating role in the
relationship between pain and cognitive impairment in RA pop-
ulations (22), we also evaluated a plausible alternative model in
which positive relationships between sleep disturbance and CD
would be accounted for by pain and depression symptoms. Our
alternative model (Figure 2) demonstrated that sleep disturbance
and CD remained significantly linked even after accounting for the
effects of pain and depression symptoms (f = 0.31). In addition,
pain was not a significant mediator (§ = 0.054; P = 0.66) in this
alternative model, but depression symptoms were ( = 0.273).
Finally, perceived stress (B = 0.227) was the only covariate that
remained significantly associated with CD in the alternative model
(@ll P < 0.05, unless otherwise noted).

DISCUSSION

Consistent with previous studies that have assessed the
symptom burden of SLE populations, symptoms of pain, sleep dis-
turbance, depression, and CD were common among the sample
of patients with SLE in the present study. Mediation analyses of our
hypothesized model indicated that the relationship between pain
and CD was explained by concurrent sleep disturbance and depres-
sion symptoms. These findings extend beyond prior research on
CD in SLE by demonstrating the aforementioned effects even after
controlling for the influences of a number of demographic, medical,

Sleep
Disturbance

.587%%

Cognitive
Dysfunction

.060 (ns)

Pain

.220%*

Depression
Symptoms

Perceived

LEDAI
2 Stress

Figure 1. Hypothesized mediation model of pain and cognitive
dysfunction (CD). Standardized indirect effect of pain on CD via sleep
disturbance = 0.18; SE 0.08 (95% confidence interval [95% ClI] 0.06,
0.32). Standardized indirect effect of pain on CD via depression
symptoms = 0.07; SE 0.04 (95% CI 0.01, 0.17). Standardized
regression coefficients presented in model; * = P < 0.05; ™ =P <
0.01. Nonsignificant covariate paths (i.e., fiboromyalgia diagnosis,
current steroid use, race/ethnicity, Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage
Index) not shown. SLEDAI = Systemic Lupus Erythematosus
Disease Activity Index.

Pain
.550*%,
Sleep Disturbance 808t CGEﬂltl\{e
Dysfunction
.330%*
Depression
Symptoms

Perceived
Stress

Figure 2. Alternative mediation model of sleep disturbance and
cognitive dysfunction (CD). Standardized indirect effect of sleep
disturbance on CD via pain = 0.03; SE 0.07 (95% confidence
interval [95% CI] -0.13, 0.09). Standardized indirect effect of sleep
disturbance on CD via depression symptoms = 0.09; SE 0.06 (95%
Cl 0.02, 0.20). Standardized regression coefficients presented in
model; * = P < 0.05; ™ = P < 0.01. Nonsignificant covariate paths
(i.e., fibromyalgia diagnosis, current steroid use, race/ethnicity,
Systemic Lupus International Collaborating Clinics/American College
of Rheumatology Damage Index) not shown.

and SLE-related symptoms, which are treatment and disease vari-
ables that have previously been linked with CD.

One explanation for these results is that disease-related flares
may lead to increased pain, which could negatively impact overall
sleep and mood. The cumulative degradation in mood and sleep
may, in turn, deplete the cognitive resources needed to effectively
manage pain. This explanation would also potentially account for
the significant links between CD and disease activity (SLEDAI)
and CD and perceived stress in the final model. In other words,
a disease flare that elicits pain (and that would ultimately result in
worsening CD) would likely be reflected in a positive association
with SLEDAI and a positive association with perceived stress. It
should be noted that these results may also reflect more general
trends of the differential impact of depression and poor sleep pro-
cesses among women in particular. Specifically, given that SLE is
a chronic disease that predominantly impacts women and that
women are more likely than men to report symptoms of depres-
sion and poor sleep (43,44), it would make sense that new or
ongoing disease activity, stress, pain, and CD in a predominantly
female sample of patients with SLE might be more strongly asso-
ciated with concurrent decrements in mood and sleep. To that
end, it is important to note that the cross-sectional nature of our
data precludes the ability to draw causal inferences among our
variables of interest. Although the testing of a plausible alterna-
tive model lends some additional support to the findings in our
study, longitudinal models are needed to validate the directional



MEDIATORS OF PAIN AND COGNITIVE DYSFUNCTION IN LUPUS

411

pathways we have posited and to determine whether sleep and
mood degradation are indeed potential driving mechanisms of the
relationship between pain and CD in SLE populations.

Despite the limitations of our study design, our findings may
have a number of promising treatment-related implications. Cur-
rently, there are only 4 drugs that have been approved by the
US Federal Drug Administration for the treatment of SLE, which
include nonsteroidal antiinfammatory drugs, steroids, hydroxy-
chloroquine, and belimumab (45,46). These biomedical treat-
ment approaches and other immunosuppressive agents have
generally been aimed at controlling disease activity and flares to
avoid long-term damage and mortality. As noted previously, the
larger symptom burden of SLE is significant (e.g., depression,
anxiety, suicide, divorce, stress, fatigue, sleep problems, work-
related disability, pain, etc.). Thus, treatment approaches that
use a biopsychosocial framework may offer the best opportunity
to optimize patient outcomes in SLE populations. To that end,
our findings may indicate the utility of nonpharmacologic inter-
vention avenues for patients with SLE with pain and CD. Specif-
ically, cognitive behavioral therapies for depression and sleeping
difficulties are known to reduce distress and enhance functioning
across various psychosocial domains (47). Importantly, given the
risk of disease-related damage in SLE (48) , optimization of phar-
macologic interventions for patients with SLE is critical. How-
ever, nonpharmacologic interventions that maximize potential
benefits without additional pharmacologic treatments may be of
additional utility for SLE patient populations.

These results should be evaluated in the context of the limita-
tions of the current study. Data were cross-sectional from a small,
outpatient sample of patients with SLE. In addition, we cannot rule
out the possibility that method variance may have accounted for
some of our findings, given that CD, sleep disturbance, and depres-
sion symptoms were measured with brief, self-report screening
tools (which may also have resulted in an over or underestima-
tion of the presence and severity of these measured constructs).
Although the LupusPRO tool (32) cognitive functioning items have
been validated against other self-report cognitive screeners (e.g.,
the Multiple Sclerosis Neuropsychological Screener) (49,50), for-
mal cognitive testing would strengthen the internal validity of our
results. In addition, structured clinical interviews would be needed
to affirm the presence or absence of a major depressive episode
(61) and objective measurement of sleep (e.g., wrist actigraphy,
polysomnography) (52) would be needed to corroborate the pres-
ence and severity of reported sleep disturbance. Although the
findings revealed in our study may be of clinical relevance, they
require validation in prospective, longitudinal studies with addi-
tional, non-self-report measurement modalities.

In conclusion, pain, sleep disturbance, and depression
symptoms are frequently reported by patients with SLE and have
known links to CD in the general population, but had not previ-
ously been concurrently investigated as potential explanatory fac-
tors in CD outcomes among patients with SLE. Along with factors

previously linked to CD outcomes in SLE populations, including
disease activity and perceived stress, the current study offers pre-
liminary support for the roles of sleep disturbance and depression
symptoms as potential mechanisms linking pain-related expe-
riences to decrements in cognitive functioning in patients with
SLE. These preliminary findings demonstrated the utility of further
exploring a biopsychosocial treatment approach to SLE-related
symptom management.
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Objective. To estimate the incidence and prevalence of juvenile idiopathic arthritis (JIA) in children ages <16 years
in the province of Manitoba, Canada, and to determine changes in estimates between 2000 and 2012.

Methods. JIA cases were ascertained from the administrative health data of Manitoba, using a validated case-
finding algorithm. Annual incidence and prevalence rates were estimated using a generalized linear model with gen-
eralized estimating equations (GEEs), adjusting for sociodemographic characteristics. Changes in estimates were
tested using piecewise regression models.

Results. A total of 455 cases of JIA prevalence met the inclusion criteria. Sex- and age-adjusted incidence estimates
were 14.01 (95% confidence interval [95% CI] 13.52, 14.53) in 2000/2001 and 9.18 (95% CI 8.56, 9.85) in 2010/2011.
Prevalence estimates were 65.33 (95% CI 63.87, 66.83) in 2000/2001 and 59.61 (95% CI 58.17, 61.08) in 2010/2011. A
linear piecewise model provided the best fit to the data. There was a significant decrease in prevalence over the study
period (-0.18 [95% CI -0.35, -0.02]; P = 0.0292) but no statistically significant change in incidence (-0.46 [95% CI -0.94,
0.01]; P =0.0571). Sex-stratified models revealed a decrease for males in both prevalence (estimate —0.54 [95% CI -0.84,
—10.25]; P = 0.0003) and incidence (estimate —1.02 [95% CIl —2.02, -0.04]; P = 0.0439); there were no changes for females.

Conclusion. Few population-based longitudinal epidemiologic studies of JIA have been conducted. Our findings
suggested a decrease in overall JIA prevalence, and in incidence and prevalence in men. Further research to validate
these findings in other cohorts and to explore factors that contribute to this change will benefit future health care

planning for JIA.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common pediat-
ric rheumatic disease, but reported incidence and prevalence esti-
mates vary greatly (1). Study methodologies, differences in data
sources, and geographic variations have been cited as potential
explanations for the wide range of estimates (1). A recent system-
atic review (1) collated population estimates that were published
from 1972 to 2011. Incidence estimates ranged from 1.6 to 23.0
per 100,000 individuals, and prevalence estimates from 8.8 to
400.0 per 100,000 (1). The review demonstrated that estimates
may be influenced by changes in JIA classification.
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SIGNIFICANCE & INNOVATIONS

+ This population-based longitudinal study contrib-
utes new evidence about the epidemiology of juve-
nile idiopathic arthritis (JIA).

* In the province of Manitoba, Canada, between 2000

and 2012, sex- and age-adjusted incidence esti-

mates were 14.01 (95% confidence interval [95% Cl]

13.52, 14.53) in 2000/2001 (highest value) and 9.18

(95% ClI 8.56, 9.85) in 2010/2011, with a minimum

estimate of 7.91 (95% Cl 7.34, 8.53) in 2009/2010.

Adjusted prevalence estimates by fiscal year (April

1 to March 31) were 65.33 (95% Cl 63.87, 66.83)

in 2000/2001 and 59.61 (95% ClI 58.17, 61.08) in

2010/2011, with a minimum value of 52.86 (95% ClI

51.56, 54.19) in 2009/2010.

Overall JIA prevalence decreased significantly over

the study period; incidence and prevalence of JIA

in males also decreased significantly over the study
period. Future research will investigate potential
contributors to this changing epidemiology of JIA.

administrative health data for the pediatric population in the
province of Manitoba, Canada, a region which has provincially
administered universal health care and complete capture of
the population in its administrative health databases (2). There
is one pediatric rheumatology center in the province of Mani-
toba where all children with rheumatic diseases in the province
are followed until they are transitioned to adult care at 18 years
of age. A patient can be referred out-of-province only after
he/she has been seen by physicians within the province and
diagnostic or therapeutic problems cannot be resolved within
the province. The aims of our study were to ascertain JIA inci-
dence and prevalence in Manitoba in children ages <16 years,
using administrative health data from 2000 to 2012, and to
test for changes in these estimates over time.

PATIENTS AND METHODS

Data sources. The Population Research Data Repository,
which is housed at the Manitoba Centre for Health Policy of the
University of Manitoba contains records of health care contacts
for all 1.2 million residents in this province. Diagnoses were coded
according to either the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) or the ICD, Tenth
Revision, Canada (ICD-10-CA) diagnosis codes (3). Databases
accessed for the present study included the Manitoba Health
Insurance Registry, which captures information about provincial
health insurance dates of coverage, reasons for termination of
coverage, and demographic characteristics (i.e., age, sex, res-
idence location); the Hospital Discharge Abstracts Database
(DAD), which includes diagnosis and procedure codes for patients
at the point of discharge from Manitoba acute care facilities (ICD-

9-CM codes were used up to March 31, 2004, with up to diagno-
sis 16 codes listed, and ICD-10-CA codes were used as of April
1, 2004, with up to 25 diagnosis codes listed); and the Medical
Claims Database, which comprises the vast majority of physician
billings for in-hospital and outpatient visits (each claim contains a
single ICD-9-CM diagnosis code). Additionally, Statistics Canada
census data from 2011 were used to define household income
quintile, an area-level measure of socioeconomic status.

Study cohort. A previously validated case-finding algo-
rithm (2) was used to retrieve cases from the DAD and Medical
Claims Database between April 1, 1997 and March 31, 2012. The
estimates of sensitivity, specificity, and positive predictive value
(PPV) of the algorithm were 88.2% (95% CI 85.7, 90.7), 90.4%
(95% CI 87.5, 93.3), and 93.9% (95% Cl 92.0, 95.8), respectively,
using data from 1980 to 2012; however, these accuracy statistics
improved, resulting in a sensitivity of 95.1% (95% Cl 91.3, 98.9),
specificity of 94.9% (95% CI 90.0, 99.8), and PPV of 96.7% (95%
Cl193.5, 99.9) when the case-finding algorithm was applied to data
from 2005 to 2012 (2). In the present study, we chose to assess
incidence and prevalence from 2000 to 2012, reflecting the time
during which the most recent version of the International League
of Associations for Rheumatology (ILAR) classification criteria for
JIA (revised in 2001) (4) became standard nomenclature in Can-
ada. Diagnosis codes used to define the case-finding algorithm
were ICD-9-CM codes 714 (rheumatoid arthritis [RA]) and 720
(spondyloarthropathies), and ICD-10-CA codes MO5 (seropositive
RA), MO6 (other RA), MO8 (juvenile arthritis), and M45 (ankylosing
spondylitis). The algorithm criteria included 1 day of health insur-
ance coverage, and >1 relevant diagnosis in DAD records or >2
relevant diagnoses in physician billing claims (by any physician)
that were at least 8 weeks apart within 2 years, prior to the 16th
birthday of the case (2). The date of the first JIA-related diagnosis
that satisfied the case-finding algorithm was considered the index
date used to define year of diagnosis.

Statistical analysis. Annual crude incidence and point
prevalence estimates were calculated for fiscal years (April 1 to
March 31) 2000/2001 to 2011/2012. Members of the cohort
who satisfied the case-finding algorithm for JIA were considered
incident at the diagnosis index date. The washout period for
ascertainment of incident cases was from April 1, 1997 to March
31, 2000. Individuals who met the criteria of the case-finding
algorithm during this time period were excluded in incidence cal-
culations in order to ensure that rates represented new cases
and not existing cases with infrequent contact with the health
care system (5,6); they were included in prevalence calculations
for the 2000/2001 fiscal year, to ensure that cases were retained.
The denominator for incidence and prevalence calculations was
the number of insured Manitoba residents ages <16 years who
had >1 day of health insurance coverage during the fiscal year,
while the numerator for incidence estimates comprised the num-
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ber of cohort members who met the criteria for the case-finding
algorithm for the first time, with a diagnosis index date within the
fiscal year. All ascertained cases remained prevalent cases until
death or the 16th birthday, whichever occurred earlier.

Cases were described by age, sex, region of residence, and
income quintile. Age at diagnosis was classified as 0-5 years,
6-10 years, and 11-15 years and region of residence as urban or
rural. The Winnipeg and Brandon regions were considered urban.
All other parts of the province were classified as rural.

Changes in incidence and prevalence rates were tested
using generalized linear models with generalized estimating
equations (GEEs), in order to account for correlation in the
data. A Poisson distribution was selected to model JIA counts
as the dependent variable, and the natural logarithm of the
total population count was the model offset. Three different
GEE models that contained the main effects of age group, sex,
fiscal year, and region of residence were fit to the data. In the
first model, fiscal year was a categorical variable; this model
was used to produce age- and sex-adjusted estimates for
each fiscal year. In the second model, fiscal year was a con-
tinuous variable; this model was used to produce the average
annual rate of change, and also adjusted for age and sex. The
third model was similar to the second, but included the 2-way
interaction of fiscal year and region of residence in addition
to main effects; this model was used to estimate the average
annual rate of change, also adjusted for age and sex. The fit
of each model was evaluated using the Quasi-Likelihood Infor-
mation Criterion (QIC) statistic; comparisons of QIC statistics
were made for unadjusted and adjusted models, with a smaller
QIC statistic being indicative of a better fitting model (7).

Additionally, Poisson models were fit with a smoothing spline
on fiscal year and covariates of sex, age group, and region of
residence, in order to determine the nature of the trend (i.e., lin-
ear, curvilinear) in prevalence and incidence. Aikaike information
criterion (AIC) was used to determine the appropriate number of
degrees of freedom (i.e., fitted slopes) for the spline. The spline
models had 1 to 5 degrees of freedom, which indicates increas-
ing complexity (i.e., increasing departures from a linear trend).
The spline models were first fit to the data for the entire popula-
tion, after which sex-specific estimates were produced. A sen-
sitivity analysis was conducted by excluding the first 2 years of
data, as this was the timeframe in which the ILAR classification of
JIA (4) was adopted in Canada. SAS software, version 9.4, was
used for all modeling. Research was conducted in compliance
with the Helsinki Declaration and was approved by Manitoba
Health (HIPC# 2013/20114-19) and the Research Ethics Boards
of the University of Manitoba Bannatyne Campus (H2013:246).

RESULTS

In total, 267 individuals were ascertained as incident JIA
cases between April 1, 2000 and March 31, 2012. A total of 459

individuals ages <16 years had a diagnosis of JIA from April 1,
1997 to March 31, 2012; complete data were available for 455
prevalent cases. The demographic characteristics of the study
cohort comprising all prevalent and incident cases at the time of
meeting the criteria for the case-finding algorithm are shown in
Table 1. Table 1 also contains the corresponding characteristics
of the Manitoba population ages <16 years.

Using GEEs, the model with year as a categorical variable
was the best fitting model to estimate changes in incidence over
time (QIC 19.6 compared to QIC 44.7 for the null model with
no covariates; QIC 29.9 and 31.0 for the 2 alternate models).
Model estimates are shown in Table 2. There was no statistically
significant difference in incidence estimates for residents of rural
compared to urban areas (data not shown). All 3 of the adjusted
models had better fit than the unadjusted model for prevalence
(QIC -1634.4), with QICs of -7,870.8, -8,328.9, and -8,449.0.
Prevalence estimates for the models using fiscal year as a con-
tinuous variable were also observed (see Supplementary Tables
1 and 2, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23606/abstract).
There was no significant difference in the average JIA prevalence
in urban and rural regions during the study period (see Sup-
plementary Table 2, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23606/abstract).

Table 1. Demographic characteristics at diagnosis index date for
prevalent and incident cases of disease in the JIA cohort (2000-
2012) and the Manitoba population ages <16 years in 2000/2001*

Characteristic JIA cohort Manitoba population

Sex

Male 136 (29.9) 13,0733 (51.2)

Female 319 (70.1) 124,416 (48.8)
Age group, years

0-5 134 (29.4) 89,403 (35.0)

6-10 119 (26.2) 83,358 (32.7)

11-15 202 (44.4) 82,388 (32.3)
Region of residence

Rural 197 (43.3) 113,592 (44.5)

Urbant 258(56.7) 141,557 (55.5)
Income quintile

Q1 (lowest) 76 (16.7) 54,107 (21.2)

Q2 81(17.8) 50,930 (20.0)

Q3 92 (20.2) 50,803 (19.9)

Q4 93 (20.4) 52,698 (20.6)

Q5 (highest) 113 (24.9) 46,611 (18.3)

*Values are the number (%) of individuals who met the case defini-
tion for juvenile idiopathic arthritis (JIA) in Manitoba between 2000
and 2012 and for whom income quintile data were available, and
for the Manitoba population ages <16 years in the 2000/2001 fiscal
year. Data shown are for 455 of the 459 cases.

t Individuals residing in Winnipeg and Brandon.


http://onlinelibrary.wiley.com/doi/10.1002/acr.23606/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23606/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23606/abstract

416

SHIFF ET AL

Table 2. Age- and sex-adjusted juvenile idiopathic arthritis
incidence and point prevalence by fiscal year in the Manitoba
population ages <16 years*

Incidence Prevalence
Fiscal year (95% Cl) (95% Cl)
2000/2001 14.01 (13.52, 14.53) 65.33(63.87, 66.83

( )

2001/2002 13.36 (12.86, 13.88) 70.36 (68.82, 71.94)
( )

)

2002/2003 9.95(9.54, 10.38) 70.48 (68.97, 72.04
2003/2004 10.99 (10.40, 11.62) 75.19 (73.58, 76.84
2004/2005 9.91(9.32,10.54) 70.89 (69.38, 72.44)
2005/2006 9.36 (8.86, 9.90) 67.10 (65.67, 68.56)
2006/2007 8.85(8.42,9.30) 64.28 (62.90, 65.70)
2007/2008 11.89 (11.32, 12.49) 61.57 (60.21, 62.97)
2008/2009 11.89 (11.30, 12.57) 61.49 (60.09, 62.92)
2009/2010 7.91 (7.34, 8.53) 58.02 (56.66, 59.42)
2010/2011 9.18 (8.56, 9.85) 59.61 (58.17, 61.08)
2011/2012 8.47 (7.93, 9.05) 52.86 (51.56, 54.19)

* Values are the incidence and point prevalence per 100,000 indi-
viduals. Ages by fiscal year (April 1 to March 31) are shown. 95% Cl =
95% confidence interval.

During the 11-year study period, the sex and age-adjusted
incidence estimates were 14.01 (95% CI 13.52, 14.53) in
2000/2001 (highest value) and 9.18 (95% CI 8.56, 9.85) in
2010/2011, with a minimum estimate of 7.91 (95% CI 7.34, 8.53)
in 2009/2010. The adjusted prevalence estimates were 65.33
(95% CI 63.87, 66.83) in 2000/2001 and 59.61 (95% CI 58.17,
61.08) in 2010/2011, with a minimum value of 52.86 (95% ClI
51.56, 54.19) in 2001/2012 and a maximum value of 75.19 in
2003/2004 (95% Cl 73.58, 76.84) (Table 2).

Of the models with a smoothing spline for fiscal year, the
model with the smallest AIC was the model with a single degree
of freedom (i.e., linear trend model) for incidence and for prev-
alence among males (see Supplementary Table 3, available on
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23606/abstract). The difference in AIC val-
ues for the models with 1 and 2 degrees of freedom for overall
prevalence and prevalence in females was negligible, therefore the
linear model was selected as the best fitting model. The over-
all incidence model had a nonsignificant slope estimate of —0.46
(P = 0.0571) (Table 3). Stratification by sex revealed a significant
decrease in incidence for males (estimate —1.02, P = 0.0439)
but no statistically significant decrease in incidence for females
(estimate -0.27, P = 0.3390). There was a statistically significant
decrease in prevalence over time, with an estimate of -0.18 (P =
0.0292). Prevalence models stratified by sex also showed a sig-
nificant decrease in males (estimate —0.54, P = 0.0003) but not
in females (estimate —0.01, P = 0.90) through the study period.
The sensitivity analysis did not change the results for prevalence
estimates (that is, prevalence estimates decreased); however, the
decrease in incidence observed for males was not evident when
the first 2 years of data were excluded.

Table 3. Estimates for JIA incidence and prevalence from 2000
to 2012*

Model Estimate (95% Cl) P

Incidence

Full cohort -0.46 (-0.94, 0.01) 0.0571

Male -1.02 (-2.02,-0.04) 0.0439

Female -0.27(-0.83,0.28) 0.3390
Prevalence

Full cohort -0.18 (-0.35, -0.02) 0.0292

Male -0.54 (-0.84, -0.25) 0.0003

Female -0.01 (-0.21, 0.19) 0.8979

* Values are the linear spline estimates and 95% confidence inter-
vals (95% Cls) for incidence and prevalence of juvenile idiopathic
arthritis (JIA).

DISCUSSION

We calculated incidence and prevalence of JIA in the prov-
ince of Manitoba from 2000 to 2012, using a case-finding algo-
rithm for JIA that was previously validated in the administrative
health data of Manitoba (3). As expected, there was a prepon-
derance of female cases (female to male ratio 2.3:1). Although
the 5-year age group with the largest number of prevalent cases
was in the group ages 11-15 years, the majority of cases were
ages <11 years, also as expected (8). The percentage of cases
from urban and rural areas corresponded to the distribution of the
Manitoba population ages <16 years.

We found age- and sex-adjusted incidence estimates in Man-
itoba ranging from 14.01 (95% Cl 13.52, 14.53) to 7.91 (95% ClI
7.34, 8.53), which are similar to those reported in similar studies in
Minnesota (8.8 to 14.8), despite different methodologies (8). Stud-
ies in Olmsted County, Minnesota (9) and Manitoba (10) previously
reported a cyclic incidence of juvenile arthritis, which was not seen
in our data. We found age- and sex-adjusted point prevalence
estimates that varied from 65.33 (95% CI 63.87, 66.83) to 58.02
(95% CI 56.66, 59.42). A previous study (11) found a higher crude
cumulative prevalence estimate of 117 (95% CI 105, 130) cases
per 100,000 individuals ages <19 years in Manitoba from 1995 to
2004, based only on codes for RA and juvenile arthritis. The limited
diagnostic codes were expected to underestimate the true burden
of disease, as JIA encompasses a number of different subtypes of
pediatric inflammatory arthritis (4). The higher prevalence estimate
could be explained by the inclusion of patients between 16 and
19 years of age with JIA or RA meeting case finding definitions, or
high sensitivity of the ascertainment algorithm (2).

The present study showed similar incidence estimates but
higher prevalence estimates than those reported in administrative
data from Kaiser Permanente, a privately managed health care
organization in northern California. In the latter, the incidence rate
of JIA was 11.9 (95% CI 10.9, 12.9) per 100,000 person-years,
and the 2009 point prevalence was 44.7 (95% CI 39.1, 50.2) per
100,000 persons among those ages <15 years, standardized to
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the 2000 US census population (12). Ethnic differences may con-
tribute to the difference between our findings and these rates, as
Manitoba has relatively large proportions of First Nations peoples
(American Indians in the US) who may be at particularly high risk
of JIA (13), and individuals of European descent (although in this
case one would also expect higher incidence rates in Manitoba)
(14). We used a Poisson model to standardize by age and sex,
while in a recent study by Harrold et al (12), age and sex were
standardized by using a method that does not assume a spe-
cific distribution for the data. Both methods are valid choices; the
difference in the estimates between the methods depends on
the plausibility of the Poisson distribution assumption, which we
showed to be reasonable using model fit statistics.

Our key finding was a decrease in overall prevalence and,
for males, a decrease in both prevalence and incidence over
time. Time trends for pediatric chronic arthritis have been pre-
viously reported in longitudinal population-based studies. In a
study in Rochester, Minnesota (9), decreasing incidence and
prevalence trend estimates for juvenile arthritis were noted for
females between 1960 and 2013, with the decline occurring
prior to 1993. In contrast, an increasing overall incidence of
juvenile arthritis was noted in Finland between 1980 and 1995
(15). Of note, in the Minnesota study, the American College of
Rheumatology classification for juvenile arthritis (16) was used,
omitting enthesitis-related arthritis, which occurs more com-
monly in men. This difference in classification may explain the
difference in results in regard to males compared to our study.
An alternate possible explanation for our finding is the utilization
of improved diagnostic accuracy for differentiating rheumatic
from nonrheumatic musculoskeletal conditions in males, espe-
cially in regard to the diagnosis of enthesitis-related arthritis.

The advantages of the present study include the use of a
validated case-finding algorithm, the availability of population-
based provincial administrative databases, and a longitudinal
analysis allowing examination for trends in the descriptive epi-
demiology of JIA over time. One known limitation of research
using administrative health data is the potential misclassification
of cases. We used a validated case-finding algorithm to address
this limitation. We restricted our study to the years for which this
algorithm performed best and when the current ILAR classification
of JIA became standard nomenclature in Canada; however, our
timeframe may not have been long enough to observe additional
temporal patterns. Although case-finding algorithm accuracy
performance statistics were consistent throughout the study
period (2), and the fact that our results should not have been
affected by the adoption of the ILAR classification of JIA in the
early 2000s, sensitivity analysis did not confirm the decrease
in incidence in males when the first 2 years of the observation
period were excluded. The possibility therefore remains that the
incidence rate in males did not change significantly over time.

This study provides population estimates of incidence
and prevalence of JIA in Manitoba, Canada over time. To our

knowledge, there are few longitudinal population-based studies
that describe the epidemiology of JIA. Our findings support a
possible temporal pattern of decreasing JIA prevalence overall,
and decreasing prevalence and incidence in males over time. Our
results require confirmation in other populations, but suggest the
need to investigate factors potentially contributing to this changing
epidemiology. We recommend that future studies assess tempo-
ral trends in JIA epidemiology, limit the population at risk to ages
<16 years (the upper age limit for JIA according to ILAR), in order
to allow comparisons among studies, use validated case-finding
algorithms in order to provide reliable and accurate estimates, and
use population-based datasets whenever possible. This method-
ology will advance knowledge regarding the disease burden of JIA
with greater accuracy than relying solely on clinical records.
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Googling Gout: Exploring Perceptions About Gout Through
a Linguistic Analysis of Online Search Activities

Kayla N. Jordan," James W. Pennebaker," Keith J. Petrie,” and Nicola Dalbeth?

Objective. To understand what terms people seeking information about gout use most frequently in online search-
es and to explore the psychological and emotional tone of these searches.

Methods. A large de-identified data set of search histories from major search engines was analyzed. Participants
who searched for gout (n = 1,117), arthritis (arthritis search control group, age and sex-matched, n = 2,036), and a
random set of age and sex-matched participants (general control group, n = 2,150) were included. Searches were
analyzed using Meaning Extraction Helper and Linguistic Inquiry and Word Count.

Results. The most frequent unique searches in the gout search group included gout-related and food-related
terms. Those who searched for gout were most likely to search for words related to eating or avoidance. In contrast,
those who searched for arthritis were more likely to search for disease- or health-related words. Compared with the
general control group, higher information seeking was observed for the gout and arthritis search groups. Compared
with the general control group, both the gout and arthritis search groups searched for more food-related words and
fewer leisure and sex-related words. The searches of both the gout and arthritis search groups were lower in positivity
and higher in the frequency of sadness-related words.

Conclusion. The perception of gout as a condition managed by dietary strategies aligns with online information
seeking about the disease and its management. In contrast, people searching for information about arthritis focus
more on medical strategies. Linguistic analyses reflect greater disability in social and leisure activities and lower pos-

itive emotion for those searching for gout or arthritis.
INTRODUCTION

Gout is a common form of inflammatory arthritis, with increas-
ing prevalence worldwide (1). The central cause of gout is chronic
deposition of monosodium urate crystals (2). Although effective
long-term management of gout is available, the results of many
studies have shown low levels of prescription and adherence to
urate-lowering therapy (3-5). In addition to dietary risk factors,
there are many biologic factors that contribute to the development
of gout, such as genetic risk factors, kidney disease, and medi-
cations (1,6). However, gout is perceived by patients, the general
public, and many health care professionals as a self-inflicted con-
dition that is caused primarily by dietary indiscretion (7—10). These
perceptions have been present within popular culture for centu-
ries (11,12) and are reflected in contemporary media depictions of
the condition (13). These portrayals of the disease may contribute
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to stigma and a reduced wilingness of patients to seek medical
attention for gout management because of embarrassment about
the condition (9).

Analysis of language has been used to understand and pre-
dict both physical and mental health. In the domain of mental
health, the words people use have been found to be related to
and predictive of outcomes such as depression (14,15), coping
with trauma (16,17), and manic episodes (18). Analysis of online
search behavior can be used to track and predict physical health
issues such as pregnancy (19), breast cancer (20), and pancre-
atic cancer (21). Furthermore, the language people use and their
online behavior can provide insights into how people perceive
health issues. For example, analysis of language use in blogs and
newspapers along with Wikipedia visits during a swine flu out-
break showed a rapid, short-term increase in information seek-
ing on Wikipedia following the outbreak, an increase in anxiety
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SIGNIFICANCE & INNOVATIONS

+ Linguistic analysis of online search behavior can
be used to understand how people might perceive
health conditions.

+ People searching for knowledge about gout or ar-
thritis engage in high levels of information seeking.

+ The perception of gout as an illness that is primari-

ly managed by dietary strategies aligns with online

information seeking about the disease and its man-
agement.

Linguistic analyses reflect greater disability in social

and leisure activities and lower positive emotion

for those searching for information about gout or
arthritis than are found in controls.

and negative emotion in those talking about the outbreak, and
greater concern with health and death (22). Collectively, previ-
ous research demonstrates the potential of language and online
behavior to help researchers understand how people respond to
health threats.

Building on this prior research and the high prevalence of
seeking online health information (23), online search behavior
can be explored to understand how people might perceive
health conditions and the management of these conditions. The
aim of this study was to understand what terms are used most
frequently by people seeking information about gout in their
online searches, and to explore the psychological and emo-
tional tone of these searches using a linguistic analysis of search
histories.

MATERIALS AND METHODS

In cooperation with Microsoft Research, a large de-
identified data set of search histories from 200,000 consent-
ing individuals was obtained from ComScore, a web analytics
company, covering a 2-year period (2011-2013). In exchange
for incentives such as cash and software, the company
installed software on participants’ computers to passively
monitor online search activities. Time-stamped search terms
were logged from major search engines (Google, Bing, Yahoo,
Ask). Basic demographics (sex, age, income, and geographic
region) were provided by the analytics company based on user
self-reports. The data were de-identified by replacing names,
addresses, number strings (e.g., phone numbers, zipcodes,
and social security numbers), and URLs with anonymizing
codes. For example, a zip code such as 55111 was replaced
with “zipcode,” or a first name such as Jane was replaced with
“fname.” All characters were translated into machine-readable
characters. Common misspellings were corrected. Once the
texts were cleaned, search terms were aggregated by partici-
pant over the entire period.

From the larger data set, 3 groups were identified: par-
ticipants who searched for gout at least once (n = 1,117),
participants who searched for arthritis (arthritis search control
group, age- and sex-matched to the gout search group, n =
2,036), and a random set of participants matched for age and
sex who had not searched for gout or arthritis (general control
group, n = 2,150). The general control group size was chosen
to approximately match the size of the arthritis search group.
Additionally, the general control group was chosen to match
for the age and sex composition of both the gout and arthritis
search groups. For the analyzed data set with the gout, arthri-
tis, and general control groups, the total number of search
words was 25,000,811. All participants included in the analy-
sis were age >18 years. The Office of Research Support at the
University of Texas at Austin reviewed the study protocol and
advised that because the study involved secondary use of a
de-identified data set with no direct links to identifiers, insti-
tutional review board review and oversight were not required.

Meaning Extraction Helper, a word frequency software,
was used to calculate search term frequencies from each par-
ticipant’s search history (http://meh.ryanb.cc, version 1.4.15).
Search terms were also analyzed using Linguistic Inquiry and

Table 1. Demographics by search group*®

Gout Arthritis General control
(n=1,117) (n=2,036) (n=2,150)
Age, years
18-24 18.35 21.91 16.98
25-34 16.03 18.66 18.37
35-44 15.67 15.37 20.70
45-54 20.68 16.55 15.16
>55 22.56 20.92 28.79
Sex
Unknown 0.45 0.44 0.00
Women 5497 56.53 50.37
Men 44,58 43.03 49.63
Annual
income,
$US
<15,000 11.28 9.38 8.93
15,000~ 6.45 5.75 6.00
24,999
25,000~ 10.03 9.58 8.65
39,999
40,000~ 16.03 19.94 1712
59,999
60,000~ 27.39 22.30 24.51
74,999
75,000~ 12.35 12.43 12.05
99,999
>100,000 8.59 10.76 10.37

* Values are the percentage.
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Word Count (LIWC), a psychological text-analysis software from
which psychological processes can be inferred based on the
words people use (http://liwc.wpengine.com) (24). Search group
membership was dummy-coded with the general control search
group as the comparison group. Search group membership was
correlated with individual word frequencies using Spearman cor-
relations using the psych package for R (https://CRAN.R-project.
org/package=psych, version = 1.7.8). One-way analysis of vari-
ance with Tukey’s post hoc tests was used for LIWC categories to
examine differences between the 3 search groups (gout search,
arthritis search, and general control search) in terms of how the
participants were searching for information, using SPSS software,
version 22.0.

RESULTS

The demographic features of participants are shown in
Table 1. Less than half of the participants were men, with a wide
range of income and ages. Table 2 includes examples from the
data set to show what people searched for when they searched
for gout. An analysis of the 50 most frequent unique searches
revealed gout-related terms (such as uric, purine, kidneys) and
food-related terms (e.g., meats, atkins, mash) in the group
searching for gout (Table 3). For the group searching for arthritis,
there were no food-related terms in the 50 most frequent unique
searches, but medical terms were commonly observed (e.g.,
fioromyalgia, inflammatory, psoriatic, Crohns, hospitalized).

Tables 4 and 5 show Spearman’s correlations between
search group membership and individual word frequencies, for
the 10 most frequently correlated words. The majority of the
words most often correlated with gout search group membership
related to food or avoidance (e.g., food, diet, avoid, recipe, eat).
In contrast, although some food words were correlated with the
arthritis search group (e.g., food, diet, recipe, eat), stronger corre-
lations were observed in the arthritis search group for disease or
health-related words (e.g., rheumatoid, pain, disease, symptom).

All of the words most often correlated with the arthritis search
group membership were disease or health-related.

In the LIWC analysis, compared with the general con-
trol search group, the total word count was higher for the gout
and arthritis search groups, indicating a higher level of informa-
tion seeking in both groups (Figure 1 and Supplementary Table
1, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract).  Insight
words (e.g., know, learn, means) were also used more often in
both the gout and arthritis search groups compared with the gen-
eral control group. Although both the gout search group and the
arthritis search group searched for more health-related words than
the general control search group, the frequency of health-related
words searched was lower for the gout search group than the
arthritis search group. Compared with the general control search
group, both the gout and arthritis search groups searched more
frequently for ingestion-related words (mainly food-related terms
like dish, eat, pizza).

Compared with the general control search group, the groups
of participants searching for gout and arthritis searched for fewer
leisure (e.g., cook, chat, movie) and sexual (e.g. love, sex) words
(Figure 2 and Supplementary Table 1, available on the Arthritis Care
& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23598/abstract). There were also fewer social words (e.g.,
family, talk, they) in the arthritis search group, with a similar trend
for the gout search group (Tukey’s P = 0.052 compared with the
general control group). The searches of both the gout and arthritis
search groups were less positive in emotional tone (lower in positiv-
ity and higher in the frequency of sadness-related words).

Overall, there were very few differences between the gout
and arthritis search groups in the LIWC analysis, with the excep-
tion of a higher total word count and the use of health words by
the arthritis search group, and a higher use of insight words (e.g.,
know, learn, means) by the gout search group (Figures 1 and 2,
and Supplementary Table 1, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23598/abstract).

Table 2. Examples of internet computer searches in the group of participants who searched for gout*

1 vw volkswagen beetle 2012 gout home treatment medications home remedies for gout pain home remedies for gout
pain relief

2 youtube craigslist ebay black spider helicopter youube ebay amozon allopurinol side effects gout diet free gout diet
foods that help lower uric acid omeprazole

3 horse trailer gout diet low purine diet xname bow reviews gun shows gun town

list of gout food cause urid acid in the body opusbank

5 female naked pics craigslist female naked pics female naked pics female naked pics gahout gaout gout symptoms and
causes

6 what causes gout what populations are susceptible to gout anti reject drugs for organ transplants anti reject drugs for

organ transplants gout gout

7 truth or fiction truth or fiction snopes truth or fiction snopes com truth or fiction snopes pledge of allegiance pledge of
allegiance by obama and what causes hiccups what causes gout what causes fog what causes gurgling in sewer what

causes gurgling in sewer lines

* Each numbered point shows a different individual's searches on a given day.


http://liwc.wpengine.com
https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=psych
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
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Table 3. Most frequent unique searches in the gout search group and the arthritis search group

Gout Arthritis
% of people % of people
Word searching Word searching
uric 6.27 fibromyalgia 6.53
sid 3.76 jwoww 4.52
meats 3.58 supposed 4.52
amusement 3.40 inflammatory 4.47
verdict 3.40 penney 4.42
wraps 3.40 psoriatic 4.42
reply 3.31 epilepsy 4.37
hoes 3.31 hoax 4.32
scams 3.31 brett 4.32
hates 3.31 asleep 4.27
vac 3.22 dvds 4.22
purine 3.22 controlled 417
mustard 313 feelings 417
hourly 313 equivalent 4.08
ache 313 outbreak 4.08
tsa 3.13 mitt 4.08
herman 313 weakness 4.03
erase 313 cds 4.03
renee 3.13 enjoy 4.03
rodman 3.13 ripa 3.98
atkins 3.13 kicked 3.98
comm 3.04 hugo 3.93
bananas 3.04 collision 3.93
hometown 3.04 andrea 3.93
directionsxnumber 3.04 mowry 3.88
airfare 3.04 addicted 3.88
herbs 3.04 crohn’s 3.88
ego 2.95 postage 3.83
mash 2.95 began 3.83
arabia 2.95 patricia 3.83
bees 2.95 slams 3.83
buckle 2.95 sq 3.78
combs 2.95 menstrual 3.78
candidates 2.95 latifah 3.78
caroline 295 stains 3.78
jonah 2.95 shoppe 3.78
courteney 2.86 flexible 3.73
kidneys 2.86 popping 3.73
coop 2.86 hospitalized 373
dew 2.86 byxnumber 3.68
plow 2.86 transcript 3.68
keira 2.86 attempt 3.68
knightley 2.86 radius 3.68
coaches 2.86 criteria 3.68
martinez 2.86 expectancy 3.68

(continued)
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Table 3 (Cont’d)

Gout Arthritis

% of people % of people

Word searching Word searching
blur 2.86 sightings 3.68
strawberries 2.86 organized 3.63
verification 2.86 miscarriage 3.63
jovovich 2.86 levi 3.63
gellar 2.86 jackman 3.63
pans 2.86 adjust 3.63
cinnamon 2.86 cries 3.63
doug 2.86 appears 3.63
- attacked 3.63

DISCUSSION

This linguistic analysis of online search activities has shown
that people searching for knowledge about gout or arthritis
engage in high levels of information seeking. Consistent with prior
research examining patient and community perceptions of disease
(7,9,13,25), unique searches in the gout search group included
more food-related words, and words related to food and dietary
strategies were correlated with- membership in the gout search
group. Although similar strengths of correlation were observed
between food-related words and the arthritis search group, much
stronger correlations were observed between medical-related
words and the arthritis search group. The perception of gout as
an illness managed by dietary strategies aligns with online infor-
mation seeking about the disease and its management. In con-
trast, people searching for information about arthritis are more
focused on searching for information on medical strategies.

Table 4. Highest individual word frequencies correlated with the
gout search group*

The LIWC analysis indicated that the emotional experiences
of people searching for gout or arthritis were similar, with lower
positive emotional tone and higher numbers of sadness-related
words compared with searches by the general control participants.
Our linguistic analyses reflect greater disability in social and leisure
activities and lower positive emotion for those searching for medical
conditions such as gout or arthritis, compared to people who do
not search for these conditions. Although we cannot assume that
all participants searching for gout had the condition, these findings
align with prior studies that have shown higher rates of depression
(26) and reduced social participation in people with gout (27).

Although gout occurs more frequently in men than women,
notably less than half the participants searching for gout were
men. These findings are consistent with the results of prior
research, which has demonstrated that although men and
women have equal access to the internet in the US, women

Table 5. Highest individual word frequencies correlated with the
arthritis search group*

Gout search Arthritis Arthritis search  Gout search group,
Word group, r search group, r Word group, r r
food 016t 0.141 rheumatoid 0.4071 -0.12t
diet 0.14t 0.111F pain 0.2971 0.07
symptom 013t 0.24t disease 0.251 0.06
avoid 0.131 0.04 symptom 0.24%1 01371
acid 011t 0.101 treatment 0.221 0.081
recipe 0.107 0.14t medical 0.21t 0.08t
county 0.1071 011t knee 0.207 0.02
map 0.10 0.07 blood 0.20t 0.09t1
lawn 0.10 0.06 cancer 0.2071 0.06
eat 0.10 0.14t syndrome 0.207 0.05

*In this analysis, different forms of the same word were combined
(e.g., recipe, recipes). Spearman’s correlations were calculated
and the 10 words most correlated with the gout search group are
shown.

t Significant at P < 0.0001.

*In this analysis, different forms of the same word were combined
(e.g., symptom, symptoms). Spearman’s correlations were calcu-
lated and the 10 words most correlated with the arthritis search
group are shown.

1 Significant at P < 0.0001.
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Figure 1. Linguistic Inquiry and Word Count analysis for information seeking, and insight, health-related, and ingestion words. Information

seeking is a measure of word count (WC). All other categories represent the percentage of word count comprising words in that category.
Data are shown as the mean (95% confidence interval) for the group who did not search for gout or arthritis (Control), the group of participants
who searched for arthritis (Arthritis), and the group of participants who searched for gout (Gout). ** = P < 0.01; ** = P < 0.001 compared with
general control group; # = P < 0.05 compared with the group of participants searching for arthritis; ### = P < 0.001 compared with the group
of participants searching for arthritis, using Tukey’s post hoc test. Color figure can be viewed in the online issue, which is available at http://

onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract.

are more likely to gather health-related information online (23).
Possibly women with gout searched for this condition more
often because available education resources are of limited rel-
evance to women with gout (28). However, women may also
have searched for gout due to contact with a family member,
friend, or acquaintance who was affected by gout, or for some
unrelated reason.

Results of a previous qualitative study showed that gout is
not seen as a form of arthritis, but may be viewed as a differ-
ent kind of rheumatic disease (7). The observation in our study
that people searching for arthritis search more often for medical

words raises the possibility that including the word arthritis in a
disease label, or in information provided about gout, may have
an impact on understanding effective management strategies for
gout. A recent study by our group has shown that supermarket
shoppers view the condition “urate crystal arthritis” as a more
chronic and serious condition that requires long-term medica-
tions, whereas the some condition labeled as “gout” is viewed
as a condition caused by poor diet and over-consumption of
alcohol, and requires dietary management (25).

The key limitation to this study is that very little personal
information about participants was available, and we could not


http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract
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Figure 2. Linguistic Inquiry and Word Count analysis for social, leisure, and sexual words, and emotional tone. Tone is a standardized difference
of positive and negative emotion words ranging from 0 to 100. All other categories represent the percentage of word count comprising words in
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of participants who searched for arthritis (Arthritis), and the group of participants who searched for gout (Gout). * = P < 0.05; ** = P < 0.01;
#* = P < 0.001 compared with general control group, using Tukey’s post hoc test. Color figure can be viewed in the online issue, which is
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23598/abstract.

determine whether participants in the gout or arthritis search
groups had the condition, or were searching for information
about the condition due to concerns about a relative or friend,
due to curiosity, or for information gathering as a student/health
care professional. Furthermore, searching for a disease does not
necessarily equate to a medical diagnosis. For example, results
of prior research have shown that a relative Google search vol-
ume correlates with incidence and mortality rates of some, but
not all cancers (29). Despite these limitations, the search pat-
terns found in this study provide novel information about per-
ceptions of gout and its management. The results are consistent
with the popular perception that gout is a condition that is pri-
marily managed by dietary restrictions.
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Objective. The language currently used to describe gout lacks standardization. The aim of this project was to
develop a consensus statement on the labels and definitions used to describe the basic disease elements of gout.

Methods. Experts in gout (n = 130) were invited to participate in a Delphi exercise and face-to-face consensus
meeting to reach consensus on the labeling and definitions for the basic disease elements of gout. Disease elements
and labels in current use were derived from a content analysis of the contemporary medical literature, and the results
of this analysis were used for item selection in the Delphi exercise and face-to-face consensus meeting.

Results. There were 51 respondents to the Delphi exercise and 30 attendees at the face-to-face meeting. Con-
sensus agreement (>80%) was achieved for the labels of 8 disease elements through the Delphi exercise; the re-
maining 3 labels reached consensus agreement through the face-to-face consensus meeting. The agreed labels
were monosodium urate crystals, urate, hyperuric(a)emia, tophus, subcutaneous tophus, gout flare, intercritical gout,
chronic gouty arthritis, imaging evidence of monosodium urate crystal deposition, gouty bone erosion, and podagra.
Participants at the face-to-face meeting achieved consensus agreement for the definitions of all 11 elements and a
recommendation that the label “chronic gout” should not be used.

Conclusion. Consensus agreement was achieved for the labels and definitions of 11 elements representing the
fundamental components of gout etiology, pathophysiology, and clinical presentation. The Gout, Hyperuricemia,
and Crystal-Associated Disease Network recommends the use of these labels when describing the basic disease
elements of gout.
INTRODUCTION computational analysis of the medical literature found that
the terminology used for gout, its treatment, and outcomes,

The language used to describe gout has substantial was inconsistent, ambiguous, and frequently misleading (1). A

deficiencies in both accuracy and precision (1-3). A recent
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SIGNIFICANCE & INNOVATIONS

« The terminology currently used for gout lacks
standardization and has notable deficiencies in its
precision, accuracy, and clarity.

* This international collaborative project provides a
consensus statement on the labels and definitions
given to the basic disease elements of gout.

« The adoption of this standardized nomenclature
could benefit communications in gout-related re-
search and management.

implications for standardization in research and clinical set-
tings.

The Gout, Hyperuricemia, and Crystal-Associated Dis-
ease Network (G-CAN) is an international, multidisciplinary col-
laboration, dedicated to advancing the treatment of the crystal
deposition-associated disorders. In recognition of the current defi-
cits in gout terminology, G-CAN has supported the development
of a Gout Nomenclature Project, aimed at establishing consensus
on the labels and definitions used to describe this disease. The
intended audience for this consensus statement includes health
care professionals and nonphysician scientists in both clinical and
research settings. Here we describe the methodology and results
of the G-CAN Gout Nomenclature Project concerning the funda-
mental components of gout etiology, pathophysiology, and clinical
presentation, referred to hereafter as the “basic disease elements.”
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MATERIALS AND METHODS

There were 3 stages to this project. A content analysis of
the literature was undertaken to identify the basic disease ele-
ments and the labels currently used to denote them. The find-
ings from this analysis provided a framework for the subsequent
group consensus exercises. A Delphi exercise was used to
achieve consensus agreement on the recommended labels for
each disease element. A subsequent face-to-face consensus
meeting had 2 aims: to reach agreement on any labels that had
not achieved consensus through the Delphi exercise, and to
reach consensus agreement on definitions for each of the dis-
ease elements. An overview of the project is shown in Figure 1.

Content analysis of the literature. The purpose of
this analysis of the literature was to identify the range of elements
that collectively represent the basic disease elements of gout.
Furthermore, the analysis aimed to determine the number
and frequency of labels used for each of these elements in
the contemporary medical literature. This analysis has been
described separately (2). Briefly, all journal articles containing
reference to gout or hyperuricemia were examined within the
10 highest-ranked general rheumatology and the 5 highest-
ranked general internal medicine journals (according to the 2015
Thomson-Reuters Journal Citation Reports) from January 1,
2012 to January 31, 2017, inclusive.

Delphi exercise. The principles of the Delphi technique
have been described in detail elsewhere (4). In essence, it entails
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Figure 1. Schema for the Gout Nomenclature Project. G-CAN =
Gout, Hyperuricemia, and Crystal-Associated Disease Network.

a series of rounds over which proposed options are sequentially
refined by expert opinion until consensus is met. The Delphi exer-
cise in this project consisted of 3 rounds, each conducted as an
online survey using Qualtrics software. Experts in gout, identified
by their membership in G-CAN, were invited by email to partici-
pate in the first survey (n = 130). Members were invited to partic-
ipate in subsequent rounds if they had completed the preceding
survey.

In each survey, the disease elements were represented using
a variety of methods, descriptive text, clinical photographs, diag-
nostic images, and graphs, to accurately portray the element in
question. Respondents were asked to select and rank their pre-
ferred labels for each element. The label options provided were
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first choice. If consensus agreement had not been achieved for a
label following the first round, it would be included as an option
in the second round if ranked within the top 3 by at least 20%
of respondents. The 2 top-ranked labels from the second round
were included in the third round in cases where consensus had
not yet been reached.

Face-to-face consensus meeting and G-CAN endorse-
ment. The face-to-face meeting was held on June 14, before
the European League Against Rheumatism 2017 Congress in
Madrid, Spain. Invitations to attend were extended to all G-CAN
members. Participation in the Delphi process was not a prerequi-
site for attendance. The meeting was conducted as a facilitated
discussion on a list of specific questions. First, the group dis-
cussed and voted on labels for elements that had not achieved
consensus through the Delphi process. All attendees were given
the opportunity to express their opinion on the remaining label
options; however, the introduction of new labels was not permit-
ted. Voting rounds, conducted by a show of hands, were held for
each of these labels. Consensus was defined as at least 80% of
participants in agreement for a proposed label. Attendees who
abstained from voting were not included in calculating the per-
centage of those in agreement.

After consensus had been achieved for all labels, the defini-
tions for each element were addressed using the same facilitated
discussion approach. Prior to the meeting, draft definitions were
circulated to attendees to provide a basis for these discussions.
Attendees could express their views on each element with the
aim of constructing an accurate, yet concise, definition for each
label. Key concepts raised were documented and incorporated
into sequentially modified definitions that were then put to a
show-of-hands vote. This process continued until consensus
agreement was achieved, defined as at least 80% of participants
agreeing with the proposed definition. The results of the group
consensus exercises and recommendations were submitted to
the G-CAN Board of Directors, with endorsement following their
review.

RESULTS

Results of the content analysis of the literature.
Eleven basic disease elements of gout were identified; the text
descriptions of these elements are shown in Table 1. Further
details on the range and frequency of labels used to describe
these elements have been described in detail elsewhere (2).

Results of the Delphi exercise and consensus.
There were 51 G-CAN members who responded to the first
survey (839% of all members). The respondents included 19
members from Europe (37%), 16 from North America (31%),
11 from the Asia-Pacific region (22%), and 5 from Latin Amer-
ica (10%). Respondents were predominantly rheumatologists

Table 1. Text descriptions of the basic disease elements of gout
identified in a content analysis of published literature

The pathogenic crystals in gout

The circulating form of the final enzymatic product gener-
ated by xanthine oxidase in purine metabolism in humans

An elevated circulating level of the final enzymatic product
generated by xanthine oxidase in purine metabolism in
humans

An episode of acute inflammation triggered by the presence
of pathogenic crystals

The condition in which there is an absence of clinically
evident inflammation after or between episodes of acute
inflammation

Persistent inflammation induced by pathogenic crystals

A discrete collection of pathogenic crystals with associated
host-response tissue

A discrete collection of pathogenic crystals with associated
host-response tissue, detectable on physical examination

The presence of pathogenic crystal deposition on imaging
The presence of structural bone damage due to gout

An episode of acute inflammation of the 1st metatarso-
phalangeal joint

(n = 46, 90%). Of the respondents who completed the first
survey, 48 (94%) completed all 3 rounds.

At the completion of the Delphi exercise, consensus had
been achieved for labels to describe 8 of the 11 basic disease
elements: monosodium urate crystals, urate, hyperuric(a)emia,
intercritical gout, tophus, subcutaneous tophus, imaging evi-
dence of monosodium urate crystal deposition, and podagra
(Table 2).

Consensus was not achieved through the Delphi process for
the labeling of 3 elements. The element described as “an episode
of acute inflammation triggered by the presence of pathogenic
crystals,” narrowly failed to achieve consensus; 79% of respond-
ents preferred the label “gout flare.” For the element described as
“persistent inflammation induced by pathogenic crystals,” pref-
erences were divided between 2 labels: chronic gout (69%) and
chronic gouty arthritis (23%). Consensus was also not achieved
for the element described as “the presence of structural bone
damage due to gout”; 65% of participants preferred the label
“bone erosion,” while 33% favored “gouty erosion.”

Results of the face-to-face meeting. The face-to-face
consensus meeting was attended by 30 G-CAN members (23%
of all members). Of these attendees, 24 (80%) had also partic-
ipated in the Delphi exercise. The panel included 17 members
from Europe (57 %), 6 from the Asia-Pacific region (20%), 5 from
North America (17%), and 2 from Latin America (7%). Most
attendees were rheumatologists (n = 28, 93%). Some voting
activities included only 29 attendees due to the late arrival of
one member.
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Table 2. Results of a Delphi exercise and face-to-face consensus meeting for agreement on the labels for the basic disease elements of gout*

Delphi exercise

Face-to-face meeting

Consensus
Text description of element (round) Agreement, %  Consensus  Agreement, % Agreed label
The pathogenic crystals in gout Yes (1) 92 - - Monosodium urate
crystals
The circulating form of the final enzy- Yes (3) 81 - - Urate
matic product generated by xanthine
oxidase in purine metabolism in
humans
An elevated circulating level of the final Yes (1) 91 - - Hyperuric(a)emia
enzymatic product generated by
xanthine oxidase in purine metabo-
lism in humans
An episode of acute inflammation No - Yes 83 Gout flare
triggered by the presence of patho-
genic crystals
The condition in which there is an Yes (3) 81 - - Intercritical gout
absence of clinically evident inflamma-
tion after or between episodes of
acute inflammation
Persistent inflammation induced by No - Yes 83 Chronic gouty
pathogenic crystals [involving articular arthritis
structures]t
A discrete collection of pathogenic Yes (1) 88 - - Tophus
crystals with associated host re-
sponse tissue
A discrete collection of pathogenic Yes (3) 83 - - Subcutaneous
crystals with associated host re- tophus
sponse tissue, detectable on physical
examination
The presence of pathogenic crystal Yes (2) 86 - - Imaging evidence of
deposition on imaging MSU crystal
deposition
The presence of structural bone No - Yes 97 Gouty bone
damage due to gout erosion
An episode of acute inflammation of the Yes (1) 84 - - Podagra

1st metatarsophalangeal joint

* Consensus was defined as 80% or more agreement on the preferred label. MSU = monosodium urate.
T Text in brackets = modification of text description as presented in the face-to-face meeting.

Disease element labels. The face-to-face meeting was suc-
cessful in achieving consensus agreement on the labeling of the
3 unresolved elements following the Delphi exercise. These con-
sensus element labels were gout flare, chronic gouty arthritis,
and gouty bone erosion (Table 2).

Consensus for the label “gout flare” was achieved without
additional discussion, with 26 of 29 attendees (90%) voting in
favor. Group discussion identified the fact that the text descrip-
tion “persistent inflammation induced by pathogenic crystals”
used in the Delphi exercise was ambiguous; this ambiguity was
thought to contribute to the failure to achieve consensus on the
labeling of this element. Although gout-related chronic inflamma-
tion has multisystem effects, this disease element was intended
to represent persistent inflammation in joint structures. Follow-
ing this clarification, 24 of 29 (83%) voted in favor of “chronic

gouty arthritis” as the preferred label. Furthermore, it was pro-
posed that the label “chronic gout” should be not be used. The
use of the word “chronic” in this context was felt to be redun-
dant and potentially confusing when gout, by its very nature,
is characterized by chronic crystal deposition. Consensus for
the recommendation that “the label ‘chronic gout’ should be
avoided” was achieved with 28 of 29 (97 %) voting in favor of this
recommendation.

When discussing the label for the element described as
“the presence of structural bone damage due to gout,” it was
proposed that “bone erosion” and “gouty erosion” be com-
bined to form “gouty bone erosion.” The group considered that
the use of “gouty” was desirable for disease specificity and to
maintain consistency in this same approach used with other
consensus labels. Inclusion of “bone erosion” was judged
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to be in alignment with the accepted nomenclature of bone
damage caused by other rheumatologic diseases. Consensus
agreement for the label “gouty bone erosion” was achieved,
with 28 of 29 (97%) voting in favor.

Disease element definitions. Consensus agreement was
achieved for the definitions of all 11 basic disease elements of
gout (Table 3). Further details on voting results are shown in Sup-
plementary Table 2, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23607/
abstract. Relevant issues arising from group discussions on the
composition of these definitions are outlined here.

For “hyperuric(@)emia,” it was considered beyond the scope
of this nomenclature project to include a specific threshold of
blood urate concentration in its definition. Apart from the com-
plexities involving urate solubility, and the multifactorial relation-
ship between circulating urate levels and the clinical presentation
of gout, the point was made that a specific concentration may
inadvertently promote a potentially inappropriate treatment target.
Therefore, the final accepted definition was modified to read “an
elevated blood urate concentration over the saturation threshold.”

For “gout flare,” it was agreed that the definition should
include the qualifying description “a clinically evident episode”
because it was deemed important to specify that such an epi-
sode should be detectable either by history or physical examina-
tion. When considering “intercritical gout,” participants agreed to
include the words “gout” and “crystal deposition” within the defini-
tion to reinforce the concept of gout as a chronic disease of crystal
deposition, even in the absence of clinically evident acute inflam-
mation. For the element labeled “chronic gouty arthritis,” it was

agreed the definition should refer specifically to “joint” involvement
to maintain consistency with the use of “arthritis” within the label.

The definition for “imaging evidence of monosodium urate
crystal deposition” was constructed to include the phrase “find-
ings that are highly suggestive of monosodium urate crystals on
an imaging test” as crystal deposits are not always directly visu-
alized, depending on the imaging modality used. The definition of
“gouty bone erosion” was worded to reflect the aforementioned
changes in the element label. The definition explicitly refers to “a
cortical break in bone” and the gout-specific radiologic findings
of an “overhanging edge with sclerotic margins.” Even with these
characteristic findings, etiologic association is addressed as “sug-
gestive of gout” in recognition that causality cannot be proven.

The group recognized that the consensus definition for
“podagra” differs from the literal translation of this word (Greek:
pod “foot,” and agra “seizure/trap”). However, it was accepted by
most participants that this term has evolved to refer specifically to
the first metatarsophalangeal joint rather than the entire first toe or
foot, or including the first interphalangeal joint.

DISCUSSION

We present the agreed labels and definitions for the basic
disease elements of gout endorsed by G-CAN (Table 3). Our own
research, consistent with that of others, has shown considerable
shortfalls in the terminology used to represent gout in the scientific
literature (1,2). The use of inconsistent, inaccurate, and mislead-
ing terms has the potential to obscure interpretation of research
and clinical communication. A clear and agreed terminology of

Table 3. G-CAN endorsed labels and definitions of the basic disease elements of gout following a Delphi exercise and face-to-face consensus

meeting™

Consensus label

Consensus definition

Monosodium urate crystals

The pathogenic crystals in gout (chemical formula CsH,N,NaO,)

Urate The circulating form of the final enzymatic product generated by xanthine oxidase in
purine metabolism in humans (chemical formula CsHsN,O5)

Hyperuric(a)emia

Gout flare
crystals

Intercritical gout

Elevated blood urate concentration over the saturation threshold
A clinically evident episode of acute inflammation induced by monosodium urate

The asymptomatic period after or between gout flares, despite the persistence of

monosodium urate crystals

Chronic gouty arthritist

Tophus
response

Subcutaneous tophus

Imaging evidence of monosodium urate
crystal deposition

Gouty bone erosion
sclerotic margin)

Podagra

Persistent joint inflammation induced by monosodium urate crystals
An ordered structure of monosodium urate crystals and the associated host tissue

A tophus that is detectable by physical examination
Findings that are highly suggestive of monosodium urate crystals on an imaging test

Evidence of a cortical break in bone suggestive of gout (overhanging edge with

A gout flare at the 1st metatarsophalangeal joint

* G-CAN = Gout, Hyperuricemia, and Crystal-Associated Disease Network.
t The G-CAN recommendation is that the label “chronic gout” should be avoided.
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the basic disease elements, which promotes an improved con-
ceptual understanding of the disease and its pathogenesis, could
also have a positive impact on patient care. The objective of this
project was to address these deficits by developing a complete
nomenclature for these basic elements, based on consensus
expert opinion.

One of the important outcomes of this project is the agree-
ment reached on the labeling of the element “urate.” The com-
mon use of “uric acid” for this element, often interchangeably with
“urate,” is a potential source of confusion to clinicians, research-
ers, and patients alike (2). The label “urate” is consistent with the
biochemical characteristics of uric acid as a weak acid that is
largely ionized at pH 7.4, thereby making it the predominant form
in blood (5).

This consensus statement also makes important recommen-
dations on the nomenclature of elements that refer to the clinical
features of gout. A key consideration is the commonly used clas-
sification of gout as being either “acute” or “chronic.” The label
“acute gout” suggests that the deleterious effects of this disease
are limited only to those periods of intense inflammatory response
triggered by the presence of monosodium urate crystals. In the
medical literature, the label “chronic gout” has been used by some
authors to imply a distinct presentation of the disease, such as the
presence of structural joint disease or extensive tophi (6,7). These 2
commonly used labels misrepresent the pathophysiology of gout,
an inherently chronic disease, in which crystal deposition is present
regardless of the inflammatory state. The labels recommended by
G-CAN in this consensus statement reflect contemporary under-
standing of disease pathophysiology. Adoption of this nomencla-
ture may help overcome the common misperception of gout as an
episodic disease that requires only acute management (8).

The label “tophus” (Latin: stone) is inextricably linked to
the clinical manifestations of monosodium urate crystal depo-
sition (9,10). In this consensus statement, we recommend the
label “tophus” when referring generally to monosodium urate
deposition and its host tissue response. The label “subcutaneous
tophus” should be used for tophi evident during physical examina-
tion; the use of “subcutaneous” is intended to add specificity while
recognizing that tophi may in fact occur in other clinically evident
anatomic locations (e.g., intradermal). When referring to crystal
deposits detectable by imaging, the label “imaging evidence of
monosodium urate crystal deposition” should be used. The label
and definition for this element are applicable to any form of imag-
ing; modality-specific nomenclature falls outside the scope of this
project. For “gouty bone erosion,” this label and its definition rec-
ognize the characteristic appearance of bone damage in gout.

Finally, this consensus statement supports the use of
“podagra” to represent the element of a gout flare affecting the
first metatarsophalangeal joint. This is a commonly used term that
has been associated with gout for many centuries (9,10). Due to
its historical significance and widespread acceptance, the use of
this label has been deemed acceptable.

A limitation of this project is that it addresses only the basic
disease elements of gout and not the name of the disease itself,
nor does it deal with the nomenclature for disease staging,
management, and outcome measures. However, establish-
ing a nomenclature of the basic elements was prioritized due
to the foundation it provides for the labeling of more complex
concepts; these are intended to be addressed in future work
by G-CAN. The response rate to the group consensus exer-
cises was modest (39% for the Delphi, 23% for the face-to-face
consensus meeting), and participants were predominantly male
(73%). There was, however, international representation from
experts in the field. A further potential limitation was the use of
existing terminology identified by a content analysis of the medi-
cal literature, rather than devising novel terms. This decision was
made to avoid adding to the already vast array of terms used
to describe gout (2). Refinement of established terminology was
considered the most effective way of expediting widespread
acceptance among clinicians and nonphysician researchers.

In summary, this G-CAN consensus statement regard-
ing the labels and definitions for basic disease elements in
gout represents an important step in promoting standardized
nomenclature for the fundamental elements of this disease.
Consensus terminology for the basic disease elements is a
fundamental requirement for further work to address more
advanced concepts, including the disease states of gout.
G-CAN recommends the use of these labels when describing
the basic disease elements of gout in clinical settings and in
the scientific literature, with the goal of improving the accuracy
and consistency of the language used to describe gout.
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Randomized Controlled Trial to Evaluate an Internet-Based
Self-Management Program in Systemic Sclerosis
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Objective. In a pilot study, our group showed that an internet-based self-management program improves self-
efficacy in systemic sclerosis (SSc). The objective of the current study was to compare an internet-based self-
management program to a patient-focused educational book developed to assess measures of self-efficacy and
other patient-reported outcomes in patients with SSc.

Methods. We conducted a 16-week randomized, controlled trial.

Results. Of the 267 participants who completed baseline questionnaires and were randomized to the intervention
(internet: www.selfmanagescleroderma.com) or control (book) group, 123 participants (93%) in the internet group
and 124 participants (94%) in the control group completed the 16-week randomized controlled trial (RCT). The mean
+ SD age of all participants was 53.7 + 11.7 years, 91% were women, and 79.4% had some college or a higher
degree. The mean + SD disease duration after diagnosis of SSc was 8.97 + 8.50 years. There were no statistical
differences between the 2 groups for the primary outcome measure (Patient-Reported Outcomes Measurement Infor-
mation System Self-Efficacy for Managing Symptoms: mean change of 0.35 in the internet group versus 0.94 in the
control group; P = 0.47) and secondary outcome measures, except the EuroQol 5-domain instrument visual analog
scale score (P = 0.05). Internet group participants agreed that the self-management modules were of importance to
them, the information was presented clearly, and the website was easy to use and at an appropriate reading level.

Conclusion. Our RCT showed that the internet-based self-management website was not statistically superior to
an educational patient-focused book in improving self-efficacy and other measures. The participants were enthusi-

astic about the content and presentation of the self-management website.

INTRODUCTION

Systemic sclerosis (SSc; scleroderma) is a rare autoimmune
disease that universally affects the skin and is associated with aber-
rant vasculopathy and fibrosis of internal organs (1,2). Currently,
there is no cure for SSc. In addition to having the highest mortality
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rement in quality of life. In addition, loss of productivity per person
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SIGNIFICANCE & INNOVATIONS

+ Systemic sclerosis is a rare disease and many pa-
tients do not have access to educational programs.

+ We performed a randomized, controlled trial
comparing an internet-based self-management
program to a patient-focused educational book
in measures of self-efficacy and other patient-
reported outcomes.

+ The self-management website was not superior to
a patient-focused educational book in improving
self-efficacy and other measures.

+ The participants were enthusiastic about the con-
tent and presentation of the self-management
website and endorsed it for dissemination.

Because SSc is a rare disease, many patients with SSc do
not have access to educational programs or support groups. To
address the lack of educational programs, a self-management
program consisting of a workbook and DVD was developed
and then tested in a small sample of patients with SSc (4).
Improvements in pain, depression, and fatigue, as well as pos-
itive feedback from the participants, led to the conversion of all
the modules in the booklet and the DVD to an internet format.
In a pilot study of the internet version of the self-management
program, participants logged on to a website and proceeded
through the modules and learning activities at their own pace
over the course of 10 weeks (5). Participants were encouraged
to log on to the discussion board, an interactive component of
the website, and respond to discussion questions posted for
each module. The pilot study showed significant and positive
changes for self-efficacy, ability to manage care, health effi-
cacy, fatigue, and depression (5).

Since the initial development of the self-management pro-
gram, new therapies and recommendations for laboratory and
diagnostic tests and pharmacologic treatments have emerged
(1). Thus, the self-management program was revised and
updated with input from patient partners and stakeholders (the
Scleroderma Foundation and the Scleroderma Research Foun-
dation) (6). In this article, we report our findings in a randomized
controlled trial (RCT) conducted to evaluate the efficacy of the
internet-based self-management program versus the patient
book developed for patients with SSc for improving self-efficacy
and other patient-reported outcome measures. We hypothe-
sized that the internet-based self-management program was
superior to the book in primary (self-efficacy) and secondary
patient-reported outcome measures.

PATIENTS AND METHODS

Participants. Patients with SSc were recruited from the
University of Michigan and the Medical University of South Car-

olina (identified by scleroderma clinics), and via websites and
social media sources of the Scleroderma Foundation and the
Scleroderma Research Foundation (self-identified SSc). Inclu-
sion criteria were being residents of the US, having a diagnosis
of SSc, being age >18 years, having basic computer literacy
and access to a computer with internet and email capabili-
ties, having communication skills in English, and being willing
to complete the study protocol. This study was conducted in
accordance with the Helsinki Declaration, and all participants
provided informed consent. The study was approved by institu-
tional review boards of the University of New Mexico, the Univer-
sity of Michigan, and the Medical University of South Carolina.

Outcome measures. Demographic information, including
age, sex, type of scleroderma (diffuse, limited/sine, overlap dis-
ease) as reported by the participant, length of time since disease
onset, self-rated health, education level, marital status, and ethnic-
ity, was collected. Self-efficacy is the belief that one can carry out a
behavior necessary to reach a desired goal, even when a situation
contains unpredictable and stressful elements (7). Self-efficacy is
a major determinant of behavior and behavioral change, and acts
as a key mediator in attaining self-management skills in chronic
diseases (8,9). To measure self-efficacy (10), we administered the
PROMIS Self-Efficacy for Managing Chronic Conditions instrument,
which comprises 5 domains: managing symptoms, daily activities,
medications and treatments, emotions, and social interactions.
Each domain consists of 8 items scored from 1 (not at all confi-
dent) to 5 (very confident), with higher scores indicative of greater
self-efficacy. The scales were standardized to the US population so
that the mean was 50 units and the SD was 10 units, and results
were scored by uploading the data at http://www.healthmeasures.
net/explore-measurement-systems/promis. We used the domain
for managing symptoms as the primary outcome measure.

The PROMIS-29 Profile version 2.0 measure contains 29 items,
1 on pain intensity and 4 items in each of the following domains:
physical function, anxiety, depression, fatigue, sleep disturbance,
pain interference, and satisfaction with social roles (11). With the
exception of physical function, which does not include a time frame,
allitem banks referenced the past 7 days. ltems were scored from 1
(unable to do/never/not at all) to 5 (without any difficulty/always/very
much). All scales, except the pain intensity item, were standardized
to the US population so that the mean was 50 and SD was 10
units, and they were scored using the method described at http://
www.healthmeasures.net/explore-measurement-systems/promis.
The Patient Health Questionnaire 8 (PHQ-8) is an 8-item question-
naire that is commonly used to measure depressive symptoms
(12). A score of >10 is consistent with depressed mood.

The Patient Activation Measure (PAM) is a 13-item measure
that assesses patient knowledge, skill, and confidence for
self-management (13). Each item is scored from 1 (strongly dis-
agree) to 4 (strongly agree). Scores are then summed, yielding a
total score that can range from 13.0 to 52.0. The summed score
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is finally transformed into a 0-100 scale, with higher scores indi-
cating more confidence and knowledge in patients managing their
condition. PAM scores were categorized into 4 levels: level 1, the
individual is disengaged and overwhelmed; level 2, the individ-
ual is aware but struggling; level 3, the individual is taking action;
and level 4, the individual is maintaining behavior (https://www.
insigniahealth.com/products/pam-survey). The PAM has been
extensively used in different self-management courses (14).

The EuroQol 5-domain instrument (EQ-5D) and quality-
adjusted life years (QALYs) provide a generic health-related qual-
ity of life assessment. The EQ-5D incorporates patient-reported
outcomes across the domains of mobility, self-care, activity, pain,
and anxiety. Using a conversion algorithm, patient responses are
converted into a health utility measure, ranging from 0.0 (death)
to 1.0 (full or optimal health). The Brief Satisfaction with Appear-
ance Scale is a 6-item scale measuring body image concerns and
social discomfort with body parts. It is scored from O to 36, with
higher scores associated with greater dissatisfaction.

Participants in both groups completed questionnaires at
baseline and post-intervention at 16 weeks. A program evaluation
was performed by asking participants in the intervention group to
complete a questionnaire to gauge the content and presentation
of the modules and to provide other feedback to the investigators.

Sample size. Sample size calculation was based on an anal-
ysis of pre/post changes in the Chronic Disease Self-Efficacy Scale
in our pilot internet study (5). Based on data from the pilot study,
we expected that the effect size in the intervention group would be
approximately 0.50 (medium effect size as suggested by Cohen)
(15), and we anticipated a negligible effect size in the control group
(effect size = 0.10). Using a significance level of 0.05, we estimated
that recruiting 100 participants in each group would yield an 80%
power for detecting this difference between the intervention group
and the control group. Assuming a conservative attrition rate of 25%
during the study, we planned to enroll 125 patients in each group.

Randomization. Participants who met the inclusion criteria
were sent instructions to review an electronic consent form through
a Qualtrics platform. Once signed consents were obtained, partic-
ipants were invited to complete the baseline questionnaire. Partici-
pants who completed the consent form were randomized to either
an intervention or control group. Randomization was performed
using a 1:1 ratio and via computer-generated block randomization,
with stratification based on the PHQ-8 score (<10 or >10) to ensure
that subjects with depressive symptoms were equally distributed in
the 2 groups. Stratification based on the PHQ-8 score was used
because we hypothesized that participants who reported being
depressed may have poor coping and self-management skills.
Although the assignment to either group was random, to ensure
that the proportion of patients with more or fewer depressive symp-
toms was approximately the same in both groups, after every 50
patients were recruited, the assignment of patients to each group

up to that point was cross-tabulated with respect to PHQ-8 scores.
In addition, block randomization of patients occurred in groups of
50. This process allowed us to divide the intervention groups into 5
waves of 25 participants, so that the discussion board groups were
small enough to encourage participation.

Intervention. Patients randomized to the internet program
received a link to the self-management website, as well as a pass-
word and user name. The site could be accessed only via a secured
website, with 1 module focus made available per week. The 15
modules included a basic overview, coping and body image, exer-
cise, self-advocacy, pain management, activities of daily living,
fatigue and energy conservation, tips for families and caregivers,
muscle and lung disease with a focus on African Americans, gas-
trointestinal tract, Raynaud’s disease, sexuality and scleroderma,
mouth and teeth care, clinical trials, and emergencies. Two investi-
gators (SLN and JLP) posted weekly questions regarding the mod-
ules on the discussion board and moderated the online discussion
as necessary (see Supplementary Appendix A, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23595/abstract). Participants were asked to log
on to the discussion board at least once weekly.

Those allocated to the control group received a copy of The
Scleroderma Book: A Guide for Patients and Families, by Dr. Mau-
reen Mayes. This book is the authoritative, educational book most
requested and used by patients with a diagnosis of scleroderma.
To date, it is the only credible resource written for patients and
includes sections on early diagnosis, symptoms, coping with the
disease, and resources for patients. Participants randomized to
the control group were sent the textbook and were given 16 weeks
to read it. A variety of strategies were used to maintain partici-
pant engagement in both groups during the intervention, including
phone calls or email contact at 4, 8, and 12 weeks, and an incen-
tive of $150 in the form of gift cards during the course of the studly.

Statistical analysis. Summary statistics of the baseline
demographic variables were computed for all the patients enrolled
in the study. For each of these variables, summary statistics were
calculated for the group of patients as a whole and stratified by
treatment group (intervention versus standard care). Group differ-
ences for these characteristics were tested using either t-tests, Wil-
coxon’s rank-sum test for dependent samples, a proportion test, or
chi-square tests, depending on the type of data (continuous versus
categorical, or normally distributed versus not normally distributed).

To compare group differences between the intervention
and control groups post-intervention, we considered only sub-
jects with both baseline and follow-up data available. For those
subjects, we computed the change in the scores from baseline
to follow-up for continuous variables. For categorical variables,
such as the PAM levels, we generated contingency tables pre-
senting the joint distribution of the categorical classes at both
baseline and follow-up (e.g., what percentage of patients were
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categorized as having PAM level 1 at baseline and PAM level 1
at follow-up, and so forth). For both continuous and categorical
variables, we tested whether there was a significant difference
between the 2 groups either in the change in the scores or in
the joint distributions of the categorical variables. Specifically, for
continuous variables, we assessed whether there was a signif-
icant difference in the change in the scores in the control and
internet groups by performing either t-tests, if the change in score
appeared to be continuous and normally distributed, or by using
Wilcoxon’s tests if a normal distribution did not seem appropri-
ate. For categorical variables, we assessed whether there was a
significant difference between the two groups in the joint distri-
bution of the categorical variable at baseline and follow-up in the
2 groups using Fisher’s exact test due to small counts in some of
the contingency table cells. For each test, we used a significance
level of 0.05, with no adjustment for multiple testing.

RESULTS

A total of 267 subjects agreed to participate in the study and
were randomized to either the internet or control groups. Of these
267 participants who completed baseline questionnaires and were
randomized to the intervention (internet) or control (book) group
(Figure 1), 123 participants (93%) in the internet and 124 partici-
pants (94%) in the control groups completed the 16-week RCT. The
2 groups were similar at baseline with respect to the demographic
variables (Table 1). Overall, the mean + SD age was 53.7 + 11.7
years, 91% were women, 82.8% were white, and 79.4% had some
college or higher degree. The mean + SD disease duration after
diagnosis of SSc was 8.97 + 8.50 years, with 44.9% classifying
themselves as having limited/sine and 43.1% as diffuse SSc.

Regardless of the group, participants had similar mean
scores on patient-reported outcome measures (PROs), except

[ Enrollment ]

Assessed for eligibility, invited
to participate by email or in
person (n=544)

Excluded / Ineligible (n= 277)
+ Did not complete baseline (n= 64)

A\ 4

+ Did not open email invitation (n= 82)
+ Did not respond to email invitation
(n=131)

Randomized (n= 267)

v [ Allocation | v
J
Allocated to control (book) (n=133) Allocated to intervention (internet) (n=134)
+ Allocated with a PHQ-8 210 (n=78) + Allocated with a PHQ-8 =10 (n=74)
+ Allocated with a PHQ-8 <10 (n=55) + Allocated with a PHQ-8 <10 (n=60)
v ' 16 Week Follow-Up ' v
Lost to follow-up (n=6) Lost to follow-up (n=9)
Discontinued Control (n=3) Discontinued intervention (n=2)
+ Refused control (book)= 2
+ Time commitment (n= 2)
+ Time commitment (n= 1)
Y [ Analysis ] l
L
Analysed (n= 124) Analysed (n= 123) _
+ Excluded from analysis due to + Excluded from analysis due to
discontinuation of intervention or control discontinuation of intervention or control
and lost to follow up (n=9) and lost to follow up (n=11)

Figure 1. Flow diagram for participants in the trial, using the Consolidated Standards of Reporting Trials. PHQ-8 = Patient Health Questionnaire.
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Table 1. Baseline characteristics of the 267 participants in the randomized clinical trial*

Intervention Control
Characteristic Values (n=134) (n=133) P

Age, mean + SD years 537 £ 11.7 54.3 £10.1 529+ 131 0.33
Women 91 (243) 91.8 (123) 90.2 (120) 0.82
Race

White 82.8 (221) 83.6 (112) 82.0 (109) 0.85

African American 7.5 (20) 52(7) 9.8 (13) 0.24

Asian/Asian American 1.5(4) 0.7 (1) 2.3(3) 0.61

Native Hawaiian/other Pacific 0.7 (2) 1.5(2) 0 0.48

Islander

Other 1.54) 0.7(M 2.25(3) 1

Multiracial 6 (16) 8.2 (11) 3.8(5) 0.2
Ethnicity

Hispanic 41 (11) 5.2(7) 3.0(4) 0.55

Non-Hispanic 77.5(207) 78.4(105) 76.7 (102) 0.86

Other 15 (40) 14.9 (20) 15.0 (20) 1

Unknown 3.4(9) 1.5(2) 5.3(7) 017
Education (years)

High school (9-12) 20.6 (55) 20.1(27) 21.1(28) 0.98

College/university (13-16) 48.3(129) 49.3 (66) 474 (63) 0.85

Graduate school (17-22) 27 (72) 26.9(36) 27.1 (36) 1

Postgraduate school (>23) 41(11) 3.7(5) 45 (6) 0.99
Marital status

Single, never married 11.6 (31) 7.5 (10) 15.8 (21) 0.05

Married 63.7 (170) 70.9 (95) 56.4 (75) 0.02

Widowed 3.4(9) 1.5(2) 5.3(7) 017

Divorced/separated 21.3(57) 20.1 (27) 22.6 (30) 0.74
Employment status

Working full time (>20 hours/week) 35.6 (95) 35.8 (48) 35.3(47) 1

Working part time (<20 hours/ 6.7 (18) 7.5(10) 6.0 (8) 0.82

week)

On disability or sick leave 26.2 (70) 23.9(32) 28.6 (38) 0.46

Retired 22.1(59) 23.9(32) 20.3(27) 0.58

Not working but looking for work 2.3(6) 1.5(2) 3.04) 0.67

Other 7.1(19) 7.5(10) 6.8 (9) 1
Self-defined scleroderma subtype

Limited/sine 44.9 (120) 42.5(57) 47.4 (63) 0.5

Diffuse 431 (115) 42.5(57) 43.6 (58) 0.96

Overlap 11.6 (31) 14.1 (19) 9.0 (12) 0.26

Unknown 0.4 (1) 0.7 (1) 0 1
Patient-reported disease duration,

mean + SD years

After first diagnosis from doctor 8.97 +8.50 8.72 +7.81 9.23+9.17 0.63

After first scleroderma symptoms 11.91 £ 10.10 12.20 £9.33 11.62 £10.84 0.64
Overall health

Excellent 11 (3) 0.7 (1) 1.5(2) 1

Very Good 12.4(33) 12.7(17) 12.0 (16) 1

Good 42.7 (114) 44.8 (60) 40.6 (54) 0.57

(Continues)



440

KHANNAETAL

Table 1. (Cont’d)

Intervention Control

Characteristic Values (n=134) (n=133) P
Fair 37.4.(100) 34.3 (46) 40.6 (54) 0.35
Poor 6.4 (17) 7.5(10) 5.3(7) 0.63

US geographic region

Midwest 50.2 (134) 54.5(73) 459 (61) 0.2
Northeast 8.6 (23) 5.2(7) 12.0(16) 0.08
South 20.6 (55) 20.9 (28) 20.3(27) 1
West 20.6 (55) 19.4 (26) 21.8(29) 0.74

* Values are the number (%) unless indicated otherwise.

for the EQ-5D visual analog scale, which showed statistically
higher scores in the internet group (Table 2). For the PROMIS
self-efficacy and PROMIS-29 measures, the scores ranged
from being similar between groups (PROMIS Self-Efficacy
for Managing Medications and Treatment) to being 1.00 SD
below the mean score in the US population (PROMIS-29
physical function scale). The mean + SD PHQ-8 score was
8.67 + 5.18, and 43.1% participants had depressed mood.
Regarding the PAM scores, 18.7% and 59.6% of participants
had PAM level 3 and PAM level 4, respectively.

Table 2 shows the mean change scores for the 2 groups
between baseline and post-intervention at 16 weeks for all vari-
ables. There were no statistically significant differences between
the 2 groups for the primary outcome measure (PROMIS Self-
Efficacy for Managing Symptoms: mean change of 0.35 in the
internet group versus 0.94 in the control group; P = 0.47) and
other PROs, except for a significant difference between the inter-
net and control groups for changes in the way the EQ-5D index
changed from baseline to follow-up.

Because we recruited a group of participants who had a
high level of patient activation (approximately 60% had PAM
level 4), and long disease duration, we assessed the partici-
pants with early disease (<2 years and <5 years), PHQ-8 score
<10, PHQ-8 score =10, and PAM levels 1 and 2 (Table 3).
Again, there were no differences between the 2 groups,
except for PROMIS Self-Efficacy for Managing Symptoms
favoring the control group in early disease duration (P = 0.03)
(Table 4), and EQ-5D self-care favoring the control group for

those with PHQ-8 scores >10 (P = 0.02).

Discussion board evaluation. Of the 134 partici-
pants randomized to the internet group, 81 (61.4%) visited
the discussion board, with 79 (59.8%) posting at least 1 com-
ment over the 16-week RCT. An average of 8 comments were
posted per user, with an average of 58.21 minutes reviewing
each module. At the end of the 16-week RCT, 100 participants
(74.6%) completed a course evaluation, in which they were
asked to rate each module as helpful, slightly helpful, not help-
ful at all, or they did not review the module (see Supplementary

Figure 1, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23595/abstract).
An average of 75.4% of participants rated the modules as being
helpful. Key modules (those that had more than 60 hours of time
spent) included Scleroderma: A Basic Overview, Coping and
Body Image/Appearance, Exercise, Self-Advocacy, and Dys-
phagia and the Digestive Tract. The course evaluation showed
that 67.9% of participants agreed that the discussion board
addressed important issues about scleroderma, with 44.5%
agreeing the discussion board increased their understanding of
scleroderma, and 63.0% agreeing the discussion board was a
good way to learn from patients with scleroderma. When asked
about their impression of the self-management course, an over-
whelming 93.0% of participants agreed that the modules were
of importance to them; 94.0% agreed that the information was
presented clearly, with the website being easy to use, and at an
appropriate reading level (Figure 2). We also provided access
to the internet site for the participants who were randomized
to the control group. In summary, 49 participants responded
to the survey and 91.84% agreed that the information was pre-
sented clearly, and 93.75% agreed that the website was easy
to use.

DISCUSSION

Using input from US Scleroderma Foundations and patient
partners, we refined a previously developed internet program
and tested it in the current RCT. Although we could not show
any difference in the primary and secondary outcome measures
compared to using the book, participants from the intervention
showed overwhelming support and enthusiasm for the content
and presentation on the website (see Supplementary Figure 1,
available on the Arthritis Care & Research web site at http.//
onlinelibrary.wiley.com/doi/10.1002/acr.23595/abstract).

Based on input from the patient and stakeholder partners, we
stratified the randomization with respect to PHQ-8 scores as <10
versus >10, because we hypothesized that participants who have
depressed mood may exhibit poor coping skills. Although partici-
pants with PHQ-8 scores of >10 had lower scores on self-efficacy
and PROMIS-29 scores (Table 3), there was no benefit in the inter-


http://onlinelibrary.wiley.com/doi/10.1002/acr.23595/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23595/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23595/abstract
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Discussion Board Evaluation

The discussion board addressed important
issues about scleroderma

The discussion board environment was
respectful

| made changesto my care based on
recommendations from the discussion board

The discussion board increased my
understanding of scleroderma

0% 10%  20%

The discussion board
increased my
understanding of
scleroderma

Agree AN AS%
B Neither Agree nor Disagree 38.27%
MW Disagree 17.28%

| made changesto my
care based on
recommendations
from the discussion
board
30.87%

A8.15%

30% 40% 50% o0% 70% 80% 90% 100%

The discussion board
addressed important
issues about

The discussion board
environment was

tful
R At scleroderma
80.00% 67.90%
11.25% 19.75%
20.99% 8.75% 12.34%

Figure 2. Discussion board evaluation, showing an illustration of the responses received by internet participants after completion of the

16-week randomized, controlled trial.

net group compared to the control group. Our baseline data sug-
gest that we recruited a group of highly motivated (approximately
60% of patients had PAM level 4), highly educated participants
(80% had attended at least some college), who have been dealing
with their disease for a long time (the mean time since diagnosis
was 9 years). When we focused only on participants with early dis-
ease (<2 years and <5 years), PHQ-8 score >10, and PAM levels 1
and 2, we found no difference between the internet group versus
the control group, although the sample sizes in these subgroups
were very small and may be related to a Type Il error.

Patients with chronic diseases such as SSc self-manage their
illnesses on a daily basis. A central concept in self-management
education is self-efficacy (16), which is a major determinant of
behavior and behavioral change and acts as a key mediator of the
attainment of self-management skills in patients with chronic dis-
eases (8,9). Published work suggests that self-management skills
are associated with improved clinical outcomes and reduce costs
associated with arthritis (16). Because SSc is a rare disease (desig-
nated as an orphan disease by the Food and Drug Administration),
Scleroderma Foundation Chapters and/or support groups do not
exist in every state in the US. Many patients with SSc have not met
anyone else with the disease (17,18). Patients living outside major
metropolitan areas may not have access to health care providers
with a specialized knowledge of SSc. Thus, SSc patients feel iso-

lated from sources of support and education programs. The only
educational programs specifically focused on scleroderma are
offered via written materials, webinars, and annual conferences
through the Scleroderma Foundation, and by state and/or local
chapters of the Scleroderma Foundation and the Scleroderma
Research Foundation. These offerings are credible sources of
information, but patients may need to search through a website or
wait for the next conference, meeting, or webinar.

Having an internet program that contains all the information
and resources on self-management in 1 site and 1 format that
can be quickly updated may be very useful to meet the needs
of patients with scleroderma and their families and/or caregivers.
Creators of the Arthritis Self-Management Program and Chronic
Disease Self-Management Program developed internet versions
of their successful programs, with outcomes similar to those
achieved with the group format (19,20). The advantages of internet
programs are that they are easily accessible, can be shared with
family members, caregivers, and/or health professionals, and can
be viewed as many times as needed for reinforcement or as symp-
toms change with disease progression. However, the existing self-
management programs for patients with arthritis or other chronic
illness do not address the specific needs of scleroderma patients
related to body image changes, skin and wound management,
gastrointestinal involvement, lung involvement, Raynaud’s phe-
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nomenon and ulcerations, and disability. This gap was exemplified
by a recent study showing that information available on the inter-
net is not meeting the health care needs of systemic scleroderma
patients (21).

Our study also provides insight into the design of the next
trial. First, it highlights the fact that the majority of the patients
with SSc using the internet materials were well-educated, classi-
fied themselves as white, and were well-versed in management
of their disease (approximately 80% had attended college or
higher education, 83% were white, and 60% had PAM level 4).
Future studies should focus on recruiting participants with lower
PAM levels (likely to be nonwhite and less-educated participants)
who have lower self-efficacy scores (10), and who would likely
benefit from self-management courses. Second, patients with
earlier disease may benefit, because published data suggest that
patients’ adjustment to a chronic disease improves with time (22).

Our RCT has many strengths. We recruited and retained
>90% of participants over a period of 16 weeks. In addition, we
collaborated with patient partners and stakeholders and recruited
participants from both academic and nonacademic settings, pro-
viding generalizability for our results. Last, this is one of the largest
studies evaluating a self-management or behavioral intervention in
patients with SSc.

In conclusion, our RCT showed that the internet-based self-
management website was not superior to the patient-focused
textbook in improving self-efficacy and other measures. High
patient activation scores and near-normal self-efficacy scores may
have contributed to this result. However, participants were over-
whelmingly enthusiastic, indicating a need for an internet program
that is credible and easily accessible.
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Applications Invited for Arthritis & Rheumatology Editor-in-Chief
(2020-2025 Term)

The American College of Rheumatology Committee on Journal
Publications announces the search for the position of Editor, Arthritis
& Rheumatology. The official term of the next Arthritis & Rheumatology
editorship is July 1, 2020-June 30, 2025; however, some of the du-
ties of the new Editor will begin during a transition period starting
April 1, 2020. ACR members who are considering applying should
submit a nonbinding letter of intent by May 1, 2019 to the Manag-
ing Editor, Jane Diamond, at jdiamond@rheumatology.org, and are
also encouraged to contact the current Editor-in-Chief, Dr. Richard
Bucala, to discuss details; initial contact should be made via e-mail
to richard.bucala@yale.edu. Applications will be due by June 21,
2019 and will be reviewed during the summer of 2019. Applica-
tion materials are available on the ACR web site at https://www.
rheumatology.org/Learning-Center/Publications-Communications/
Journals/A-R.

New Division Name

Rheumatology is truly a people specialty: We often develop
lifelong relationships with our patients as well as our colleagues.
We increasingly recognize that providing the best rheumatologic
care requires a team effort. The collegial nature of our specialty is
reflectedinthe ACR's mission statement: To empower rheumatology
professionals to excel in their specialty.

In keeping with this mission, we are pleased to announce that our
health professionals’ membership division is changing its name to
Association of Rheumatology Professionals (ARP). This name change

highlights the dedication of the ACR to serve the entire rheumatol-
ogy community. It also reflects our broadened base of interprofes-
sional members (administrators, advanced practice nurses, health
educators, nurses, occupational therapists, pharmacists, physical
therapists, physician assistants, research teams, and more).

The name is new, but our commitment and promise remain the
same: We are here for you, so you can be there for your patients.

ARP Membership

The Association of Rheumatology Professionals (ARP), a division of
the American College of Rheumatology, appreciates your continued
membership and looks forward to serving you another year. Mem-
bership costs range from $30 to $140. ARP welcomes nurse practi-
tioners, nurses, physician assistants, office staff, researchers, physical
therapists, occupational therapists, assistants, and students. Student
membership is complimentary; the Annual Meeting registration fee is
waived for students who submit the required student verification let-
ter. For information, go to www.rheumatology.org and select “Mem-
bership” or call 404-633-3777 and ask for an ARP staff member.

New for 2019: Education for Rheumatology Professionals

Whether you are new to a rheumatology practice or just need
a rheumatology refresher, kick off 2019 with high-quality ed-
ucation for the entire interprofessional team. All 19 Advanced
Rheumatology Course activities have been updated with all-new
interactive content, including mini-quizzes. You can also register
for 11 brand new Advanced eBytes, which are complimentary
to ARP members. For information on pricing, credits hours, and
registration go to www.rheumatology.org, click the drop down box
“I AM A" next to the Membership tab and select “Health Profes-
sional Education.”
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