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“Every Little Furrow of Her Brow Makes Me Want To Stop”:
An Interpretative Phenomenologic Analysis of Mothers’
Experiences With Juvenile Idiopathic Arthritis Treatments

Yvonne N. Brandelli,1 Perri R. Tutelman,1 Christine T. Chambers,1 Jennifer A. Parker,2

Jennifer N. Stinson,3 Adam M. Huber,1 Emma Stirling Cameron,2 and Jennifer P. Wilson4

Objective. Children with juvenile idiopathic arthritis (JIA) are faced with a complex medical journey requiring
consistent adherence to treatments to achieve disease management. Parents are intimately involved in JIA treatments;
however, little is known about their experiences in this role. This is relevant as many treatments necessitate procedural
pain (e.g., self-injections) or side effects (e.g., nausea), which may impact a parents’ ability to follow treatment plans.
The objective of this study was to explore the lived experiences of parents who identified challenges with their child’s
JIA treatments.

Methods. Parents of children with JIA who identified challenges with their child’s treatments were invited to take
part in semistructured interviews. Data were analyzed using interpretative phenomenological analysis.

Results. Ten mothers of children with JIA (60% female with a mean age of 11.83 years [range 4–16 years]) partici-
pated. Four superordinate themes were present in mothers’ experiences: 1) treatments altered mothers’ roles within
the family, increasing their caregiver burden and advocacy; 2) treatments positively and negatively impacted their rela-
tionships (e.g., increased support from others, decreased time with others); 3) treatments elicited various emotional
responses (e.g., frustration, grief), which affected their well-being; and 4) treatments were at times a source of internal
conflict, affecting mothers’ actions and adherence.

Conclusion. Mothers’ experiences with their child’s JIA treatments affects them in various ways that can subse-
quently impact treatment adherence. Results highlight the value of supporting parents through these complex treat-
ment regimens and incorporating their experiences in treatment decisions to help promote optimal outcomes for
children with JIA and their families.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a group of chronic inflam-

matory diseases affecting >1.7 million children worldwide (1).

Although diagnosed before 16 years of age (1), for many, JIA per-

sists into adulthood (2). As such, while parents are involved in

managing their child’s treatments initially, youth must also learn

to manage their disease. JIA is managed through a combination

of nonpharmacologic and pharmacologic interventions (1).

Nonpharmacologic interventions, which include splints, physical

therapy, and psychotherapy, can help improve the child’s pain

and functioning (3,4). Pharmacologic interventions include non-

steroidal antiinflammatory drugs (NSAIDs), which reduce pain

and inflammation, glucocorticoids and disease-modifying anti-

rheumatic drugs (DMARDs), which minimize inflammation and

slow the disease progression, and biologic agents, which control

the immune response to inflammation (3–5). Medications are

largely administered at home, with the former (e.g., NSAIDs) being
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administered orally, and the latter (e.g., DMARDs, biologics) typ-

ically via regular self-injections. Although these interventions are
effective (6–8), often the benefits are delayed, and families go

through a significant period of trial and error to find effective ther-
apies (5). Furthermore, treatments can be associated with

substantial pain (e.g., injections) and side effects (e.g., metho-
trexate-induced nausea) in the short term (9,10; see Jacobson

and Pham [4] for a review). Treatment adherence, defined as
“the extent to which a person’s behavior…corresponds with

agreed recommendations from a health care provider” (11),
can be a challenge for this population. As an example, 48% of

newly diagnosed patients were classified as nonadherent to
their NSAIDs using an 80% adherence cut point (12). Similar

challenges have been observed across other medications
(e.g., methotrexate) (13) and treatments (e.g., exercise) (14).

Youth and parents tend to identify pain, medication taste, side
effects, and late effects as some of the more common treat-

ment barriers (15). As treatments can be lifelong and the health
behaviors learned in childhood can persist into one’s self-

management, it is important to understand and address

nonadherence early on.
There is a plethora of research on adherence to therapies in

JIA and pediatric chronic diseases more broadly (16,17), with a
general consensus that disease-related factors (e.g., duration),
regimen-related factors (e.g., side effects), and patient-related
factors (e.g., knowledge) are important considerations (17). Addi-
tionally, given that the average age of onset for the most common
type of JIA is between 1 and 3 years of age (1), parents are inti-
mately involved in many aspects of their child’s treatments,
including the management, encouragement, supervision, and/or
administration of interventions. As such, it is important to incorpo-
rate parents into conceptualizations of adherence (17), with
research showing that their own pain cognitions (18), barriers
(15), and beliefs regarding the helpfulness of treatments (14) are
important considerations. Despite these findings, no single theo-
retical model can account for our understanding of adherence to

therapies in JIA (i.e., why some families experience greater difficul-
ties) (see Rapoff [17] for a review). This suggests the need for
more exploratory research to apply a contextual lens to our
understanding of parents’ experiences with their child’s JIA
treatments.

Qualitative literature in JIA has focused on children’s experi-
ences with arthritis (19) or parents’ experiences caring for a child
with arthritis (20–25), with only a few studies investigating specific
treatments (26,27). Although some mention parents’ perspectives
on their child’s treatments (e.g., the burdensomeness) (20–25), a
focused approach is required to understand parents’ experiences
with these treatments. This will provide insight into how parents’
experiences may subsequently impact treatment adherence and
how we can best support parents through these challenging regi-
mens (e.g., via education [10,26,28] or mental health support
[29–31]). The objective of this study was to explore the lived expe-
riences of parents with self-identified challenges with their child’s
pharmacologic and/or nonpharmacologic JIA treatments.

SUBJECTS AND METHODS

Study design. In-depth semistructured interviews were con-
ducted within an interpretative phenomenological analysis (IPA)
framework (32). IPA, a method of inquiry with roots in idiography,
phenomenology, and hermeneutics, is concernedwith understand-
ing the lived experience of a small number of participants. Following
best practice in patient-oriented research (33), a parent partner and
members of the Cassie & Friends team (a Canadian nonprofit orga-
nization for families of children with rheumatic diseases [34]) were
involved in the study development and data analysis.

Participants. Participants were recruited from a larger
study examining pain cognitions in parents of children with JIA
(18). We purposively invited parents with lower adherence ability
scores as per the Parent Adherence Report Questionnaire (sepa-
rate scores are calculated for medications and exercise, each
comprising questions assessing the frequency of adherence and
of negative reactions to treatments, and the level of difficulty and
perceived helpfulness of treatments, with lower scores represent-
ing lower adherence ability) (35,36). Additionally, parents had to:
1) have a child <18 years of age who had been diagnosed as hav-
ing JIA and was receiving treatments (pharmacologic and/or non-
pharmacologic) for JIA and 2) live in Canada and be fluent in
English. Parents with the lowest adherence ability scores were
approached while still seeking a diversity of perspectives
(i.e., parent’s sex and child’s age, sex, diagnosis, and treatments).
Seventeen parents (2 fathers) were invited via email to participate;
7 did not reply.

Data collection. Parents participated in in-depth semi-
structured interviews focused on their experiences with their
child’s treatments. The interview schedule (Table 1) was informed

SIGNIFICANCE & INNOVATIONS
• This study used interpretative phenomenological

analysis to obtain a rich understanding of mothers’
experiences with their child’s juvenile idiopathic
arthritis (JIA) treatments.

• Mothers identified a multitude of ways in which
their child’s JIA treatments impacted their own lives,
from their roles within the family to their own well-
being and decision-making.

• The experiences identified by mothers highlight the
importance of assessing the psychosocial well-
being of mothers in response to JIA treatments and
the value of incorporating their experiences and
expertise/knowledge in treatment decisions to
improve adherence to treatment regimens.
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from the literature and the clinical experience of the research
team. It was pilot-tested with a parent partner and refined with
minor feedback. All interviews were conducted by one interviewer
(YNB), a female graduate student with training in clinical interview-
ing. Interviews took place by phone between October and
December 2019. Interviews were audio recorded and transcribed
verbatim by a professional transcriptionist and verified for accu-
racy by YNB. Each participant received a $20 gift card for their
participation. This study complies with the Declaration of Helsinki
and received ethics approval from the IWK Health Centre
Research Ethics Board (ref. 1023178).

Data analysis. Data were analyzed using NVivo, version
12 (37) following the IPA procedures outlined by Smith and col-
leagues (32). IPA follows an inductive approach that involves the
analyst becoming familiar with one transcript at a time, making
initial notes pertaining to key descriptive, linguistic, and concep-
tual details. The initial noting is transformed into codes, and
higher order themes are constructed through abstraction and
contextualization (i.e., putting similar themes together while
attending to the context in which they presented) (32). These pro-
cesses are repeated with subsequent transcripts, with earlier
codes informing subsequent transcripts, and new codes leading
to the modification of previous codes.

Several steps were taken to increase rigor (32). YNB served
as both the interviewer and the analyst, and ESC audited the

analyses at each step, cross-checking the codes and themes to
ensure that the results were grounded in the data. Interpretations
made by ESC were taken into consideration. Rigor was also
addressed by taking field notes, retaining the notes pertaining to
analytic decisions, and seeking input on the results from a parent
partner. The Consolidated Criteria for Reporting Qualitative
Research (COREQ) (38) guided the reporting of this work (see
Supplementary Appendix A, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24735).

RESULTS

Consistent with the idiographic approach of IPA (32),
10 mothers participated in this study. As only mothers partici-
pated, their perspectives will be referenced throughout. Demo-
graphic information was obtained from the larger study (Table 2).
Interviews lasted on average 59 minutes (range 48–70 minutes).
The analyses identified 4 superordinate themes representing the
experiences of mothers regarding their child’s JIA-related treat-
ments (Figure 1).

Theme 1 (shifting roles). Mothers noted various ways in
which their experiences with their child’s treatments had shifted
the emphasis of their roles within the family, prioritizing their role
as the child’s caregiver and advocate. There was a unanimous

Table 1. Interview guide*

Broad questions Probes and prompts

Tell me a bit about your child’s JIA, such as the time when they were
diagnosed?

Do they currently experience any symptoms related to the disease/
treatments? What has it been like for you as a parent to have a child
with JIA?

Tell me about [child]’s current treatment plan for their arthritis as
prescribed by the rheumatologist?

Pharmacologic? Nonpharmacologic?

In your family, what do the treatment roles/responsibilities look like? –

Tell me about your experiences with [child]’s treatments? What words and images come to mind when you think of them? Why
was your child prescribed them? What are the most difficult parts of
your child’s treatments? How helpful do you find them to be?

You mentioned that _____ was one of the more difficult treatments for
your child. Walk me through the process of what typically happens.
What is it like for your child to receive this treatment? What is it like
for you, as a parent, to have [child] go through this treatment?

Who initiates the process? Who is involved? How do(es) you/[child]
react physically? How do(es) you/[child] seem mentally? How do(es)
you/[child] feel emotionally? How have these reactions changed over
time? How does this treatment affect your (child’s) life more broadly?
Are there things that make this treatment better or worse for
you/your child?

How do yours and your child’s reactions to these treatments impact
your desire and ability to continue with them or administer them
again at a later time?

–

Sometimes families take their medicine or engage in their treatments
in a different way than was prescribed by their doctors (such as
delaying, altering, or skipping a treatment). Is this something your
family has ever experienced? If so, tell me more about that.

If intentional: How did you come to this choice? What were the
benefits/consequences? If unplanned: Did you use any strategies
that might help your family follow these treatments? Which ones?
Were they helpful? Has your family every felt conflicted about
whether or not to continue a particular treatment? What thoughts/
feelings did you have? How did you decide what to do?

In your family’s experience, what kind of things impact your child’s
ability to follow treatment plans?

What makes it easier or harder?

Is there anything else that you feel it would be helpful for me to know
that we have not yet spoken about?

–

* Interviews were semistructured, and questions were adapted depending on the participant. JIA = juvenile idiopathic arthritis.
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acknowledgment of the burdensomeness of their child’s treat-
ments (e.g., frequency, duration). Most mothers identified that
the responsibility of managing these treatments fell on them,
which had subsequent impacts on their own roles and lives
beyond parenthood: “…I had to be the one to give the injection.
So for that, for 4 months, I had to always be home in the evening
to do the injection at a certain time. And I wouldn’t drink. So
4 months, no having any glasses of wine, no nothing in the eve-
ning” (mother, 11-year-old girl).

Often stemming from early experiences with their child’s JIA,
such as delays in diagnosis, negative interactions with health care
providers and school teams, or unfamiliarity with JIA, many
mothers described being thrust into a more salient role of

becoming their child’s advocate. Among other things, this
involved having to constantly manage and make important deci-
sions around treatments, which for many extended beyond the
scope of their role as a mother: “…you really have to 1) advocate
for your child. Nobody else will. And 2) like you’re responsible for
everything.…The rheumatologist told me, ‘from here on out, you
are her person. You need to make sure that no matter where
you are, what you’re doing, or who’s giving whatever [medica-
tion], you have to make sure that you’re looking out for her and
she has the right medication, the right dosage, and all this
stuff’….So that’s been a challenge” (mother, 4-year-old girl).

Additionally, a few mothers noted how these shifting roles
had consequences that extended beyond themselves, for exam-
ple affecting the development of their child’s self-management
skills: “[These treatments] kind of made him rely on me a lot more.
Like most teenage boys don’t want their mom….He’s like, ‘Okay,
I want my mom there. Like my mom has to help me with this.’ And
to me I don’t mind doing that. Like I don’t care if he needs me
there when he’s 40. Like you know, that’s fine. And if that helps
him, well, then that’s what helps him” (mother A, 16-year-
old boy).

Theme 2 (altered relationships). In part because of
these shifting roles, many mothers acknowledged how these
treatments trickled down to affect their relationships. Mothers
noted ways in which these treatments brought them closer to or
further from others in their life (e.g., friends, partners, other chil-
dren): “…[these treatments] take a toll maybe on other parts of
your life. It’s all about the children….Well, thankfully I’ve beenmar-
ried…my husband is quite supportive. But yeah, friendships. And
you don’t have any time even with the other children” (mother,
15-year-old boy).

A handful of mothers identified the added challenge of hav-
ing to navigate the relationships they had with the child’s sib-
lings, who had developed negative reactions to these
treatments: “And her sister is like pretty squeamish about
it. Like she’s actually…I feel like it’s kind of out of sympathy.
Her sister has developed a complete aversion to needles”
(mother, 8-year-old girl).

A few mothers acknowledged how treatments fostered new
relationships, which served as a source of support for them:
“Well, it was really nice to be at the [Cassie & Friends] Family
Day. Actually I was talking to this mom, and our kids are girls of
similar age. Both have similar responses to the medication….So
I think just hearing that other people are going through something
similar….it’s just nice to have like a bit of understanding”
(mother A, 12-year-old girl).

The largest impact, however, appeared to be on mothers’
relationships with their child. Some acknowledged ways in which
these treatments brought them closer together (e.g., spending
time together): “…even though it’s not fun to go to the hospital
[for infusions], we will buy her a little treat, we’ll take her out for

Table 2. Participant demographic characteristics (n = 10)*

Demographic characteristics and
medical variables Value

Mother’s age, years†
30–39 6 (60)
40–49 4 (40)

Mother’s education†
High school graduate 2 (20)
College diploma 3 (30)
University graduate 2 (20)
Graduate degree/professional training 2 (20)

Child’s sex†
Female 6 (60)
Male 4 (40)

Child’s age, mean ± SD (range) years 11.83 ± 4.29
(4.24–16.71)

Child’s diagnosis
Oligoarthritis 4 (40)
Polyarticular arthritis 3 (30)
Enthesitis-related arthritis 2 (20)
Systemic arthritis 1 (10)

Child JIA treatments, current
Nonsteroidal antiinflammatory drugs 3 (30)
Disease-modifying antirheumatic drugs 7 (70)
Biologics 7 (70)
Steroids 3 (30)
Physical activity 7 (70)

Treatment route
Pill 7 (70)
Injection (subcutaneous, intramuscular) 6 (60)
Infusion 3 (30)
Oral suspension 2 (20)
Eye drops 2 (20)

Treatment responsibility
Parent and/or someone else 5 (50)
Shared with child 5 (50)

PARQ score, mean ± SD (range)†
Medication adherence ability
(range 1–5)

3.39 ± 0.70
(2.50–4.50)

Exercise adherence ability (range 1–5) 2.97 ± 0.57
(2.25–4.00)

Total adherence ability (range 1–5) 3.20 ± 0.36
(2.67–3.75)

* Values are the number (%) unless indicated otherwise.
JIA = juvenile idiopathic arthritis; PARQ = Parent Adherence Report
Questionnaire.
† Information based on data collected in the original survey (18).
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supper – just me and her. So I’m more focused on making these
memories a positive fun mom and daughter day rather than focus
on, ‘Oh, I have to be at the hospital for 3 hours hooked up to an
IV’” (mother B, 12-year-old girl).

Others identified real or feared ways in which these treat-
ments ruptured their relationship with their child. These tended
to be more common when treatments were painful, ineffective,
or new, side effects were pervasive, or parenting roles were
imbalanced: “I feel bad for any parent that has to start giving
their kid needles. I mean you feel so sad for your kid. I worried
at first, ‘Is my kid going to hate me for this? Is it going to be pain-
ful, and then they’re going to like hold it against me?’ That’s not
what happened at all actually. But you worry” (mother, 8-year-
old girl).

Many used fighting metaphors to describe the administration
of these treatments, highlighting the contrasting sides that
mothers and children were on: “She was probably 2 and 3. It
would be an hour-long fight with a toddler, trying to get this med-
ication into her. We would mix it with Kool-Aid, we would mix it
with chocolate syrup. No matter what we did, she would fight
back and half the time wouldn’t take it” (mother B, 12-year-
old girl).

Theme 3 (emotional well-being). Mothers universally
identified ways in which these treatments affected their own emo-
tional well-being. While early on, mothers often reported negative
emotions in response to these treatments, these sometimes
improved with time. Many mothers identified feelings such as
frustration, stress, guilt, worry, fear, grief, and exhaustion in
response to their child having to endure these treatments:
“[Daughter] calls them her ‘arm needle’ because methotrexate is
in her arm, and [adalimumab]‘s in her leg. [She says], ‘Please,
mommy, I just want my arm needle. I don’t want my leg needle.
Just give me my arm needle.’ And so I was getting emotional
because she was begging for one pain over the other pain. And
it was just that’s where their innocence is gone” (mother, 4-year-
old girl).

Similarly, many mothers identified negative emotions in
response to their child’s reactions to these treatments: “I just feel
guilty every time I have to [administer] it. And sometimes I feel
really frustrated because she is very dramatic. Well, not very dra-
matic. But I know it’s real and I know that…the trauma and like
the memory of having to take this medication and how sick it
makes her, and all that.…But sometimes as a parent, you know,
it’s 9:00 at night and I’m exhausted and I just want to get it over

Figure 1. Four superordinate themes representing the experiences of mothers regarding their child’s juvenile idiopathic arthritis–related
treatments.
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with, and she just won’t let me because she makes a big deal
about it” (mother A, 12-year-old girl).

Often the emotional responses to these treatments did not
end after the administration. Many mothers reported dwelling on
past treatments and worrying about upcoming ones: “[The
thought of treatments] seeps into every part of your life, right. Like
I’ll be sitting at work and…I actually like work because I’m fairly
distracted. But it flashes in” (mother, 13-year-old girl).

Few mothers identified or prioritized finding outlets where
they could express their emotions: “I think that’s the toughest part
– to find the time that you can go somewhere on your own and
just breathe for a second and be like oh my god, this [treatment]
was horrible. Instead of having this happy face all the time”
(mother, 5-year-old boy).

Despite the emotional impact that treatments can have on
mothers, this was rarely raised in their child’s medical appoint-
ment: “…when your kid is really sick, the focus is on her. And
rightly so. But there were a few times where we were really strug-
gling as a family. And so we’re then unable to care for [daughter]
in the way that she needs care for.…I realize that the health care
system can’t cover everything. But…it’s part of [daughter]’s care.
But they almost studiously avoid asking how we’re doing as par-
ents” (mother, 13-year-old girl).

Having said that, not all mothers’ emotional reactions to their
child’s treatments were negative. With habituation, acceptance,
trust, and the child’s involvement, many alluded to more neutral
emotional reactions: “…before when he started [the injections]
and he used to get really worked up, by the end of it we’d both
be crying. It was just rough for everybody. But now that he’s cal-
mer and he’s ready to do it, and we just go in and do it, there’s
no more…it doesn’t cause anxiety anymore” (mother B,
16-year-old boy).

Theme 4 (internal conflict). Given the aforementioned
impacts and the uncertainty associated with the efficacy, dura-
tion, and long-term impacts of many treatments, some mothers
identified times in which they felt an internal conflict or began to
wonder whether the benefits of treatments outweighed the risks.
For some, this subsequently impacted their actions and adher-
ence to their child’s treatments: “…I think we could deal with the
side effects easier if it was working. But when you see your child
suffering with side effects for nothing it feels very pointless”
(mother B, 12-year-old girl).

A few mothers identified times when the risks of treatments
outweighed the benefits, and instances of intentional and uninten-
tional nonadherence occurred (i.e., delaying or stopping treat-
ments). Reasons for this were multifaceted, although they were
typically in response to hectic schedules and previous negative
experiences. When mothers reported nonadherence, it was clear
that the decision was not made lightly. Rather, it was made while
still ensuring the best possible outcomes for their child
(e.g., rescheduling, prioritizing arthritis-specific treatments and

treatments during flares). Furthermore, the outcomes of stopping
a treatment (e.g., flares) often served as a “lesson” that reinforced
their necessity: “Her arthritis symptoms had settled down and she
was doing much better, so I actually just stopped the medication.
I was just like, ‘I can’t do this’ because she was like the exorcist. I
would give her the medication, and she would just barf every-
where. And I figured she’s not getting any of this. You know, I
was very frustrated, I guess. And so we stopped the medication,
and within 2 months, 3 months she had a big flare and needed
joint injections again. So I learned my lesson” (mother A,
12-year-old girl).

Despite the emotional and logistic difficulties, many mothers
continued to persevere. “…every little furrow of her brow makes
me want to stop [these treatments]. But I don’t” (mother,
13-year-old girl).

This was facilitated by shared care with their child, evidence
of treatment success, and parent knowledge regarding the
importance of treatments and of cognitive/behavioral strategies
to promote treatment administration (e.g., routines, minimizing
the attention allocated to treatments, focusing on the present,
and reframing negative thoughts to view treatments as beneficial
and nonnegotiable). “It’s like eating your vegetables, you don’t
like it but you have to. So [needles] kind of become like that…the
broccoli of the Friday” (mother, 5-year-old boy).

DISCUSSION

Adherence to therapies is a significant problem in the JIA
population, and experts have called for additional research in this
area (39). This study has identified how in response to JIA treat-
ments mothers can experience a shift in roles, relationships, and
their emotional well-being, which can cause an internal conflict
that may subsequently impact adherence.

The first 2 ways in which treatments impacted mothers’ lives
(shifting roles and altered relationships) fit well with the broader lit-
erature that has identified the need for parents of children with
JIA, predominantly mothers (20,23,24,40), to reorganize their
lives to take on a greater caregiving role that subsequently affects
the time they have for others (23,25,27,41). Furthermore, these
roles can both foster or strain their relationship with their child
(e.g., sharing experiences together [25,27,42] and being overpro-
tective [23,25,27], respectively). This study highlighted that treat-
ments are an important source of these changes. An additional
experience that mothers identified in this study was navigating
relationships with their child’s siblings in response to needle fears
that had developed from these treatments, a finding that has
received minimal attention in this population (43) and has impor-
tant implications for the siblings’ health and well-being (44). Given
these results, further exploration of the siblings’ experiences with
JIA treatments and potential interventions are warranted.

The third theme highlighted the variety of emotions that
mothers experienced in response to their child’s treatments,
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which included frustration, stress, guilt, worry, and exhaustion.
Unsurprisingly, these emotions dovetail the current literature given
the highly emotional and distressing experience of caring for a
child with JIA (42). Cox and colleagues (45) compared the stress
levels of mothers with healthy children to those with chronic health
conditions (e.g., JIA, diabetes mellitus, deafness). Of those men-
tioned, mothers of children with JIA experienced the most stress,
with one-third in the clinically significant range. This is in line with
the higher than average rates of depression and anxiety in this
population (40). Unfortunately, mothers in this study reported
receiving minimal support regarding their child’s treatments.
Although it seemed that emotional responses tended to improve
with habituation, confidence, and knowledge with treatments,
which would be consistent with other literature (20,28), it is impor-
tant that parents receive psychosocial support early on and
throughout these processes, as emotions can change with the
disease course (42). While parents have been included in psycho-
social interventions in JIA (e.g., 29), they have rarely been the
focus, and there is a clear need for more evidence-based inter-
ventions geared toward them.

Finally, while there is quantitative literature exploring the bar-
riers and facilitators to pediatric regimens (15,17) and subsequent
impacts on adherence more broadly (14,16,18,46), this study
qualitatively integrated the context to explore how parents navi-
gated these competing barriers and facilitators to make decisions
regarding adherence, thus arriving at the fourth theme, internal
conflict. When deciding how to act, mothers reported weighing
the risks and benefits of a treatment alongside other factors such
as their previous experiences and the perceived importance of a
treatment, a decision-making process that has only begun to
receive attention in the adult arthritis literature (47). This study also
found that the outcomes of nonadherence often reinforced future
adherence, and that strategies that mothers found helpful to per-
severe with JIA treatments included minimizing the attention allo-
cated to treatments, focusing on the present, and reframing
cognitions, all of which are noteworthy for clinicians working to
support adherence.

Taken together, these results highlight the complex experi-
ences that mothers face having to manage their child’s JIA treat-
ments, a perspective that has been overlooked in the literature.
This study underscores the importance of incorporating mothers’
expertise and experiences into rheumatologic treatment decision-
making (i.e., what does and does not work, the impact of treat-
ments on their family), which is in line with more collaborative mod-
els of health care (e.g., shared decision-making [48]). Another key
implication of this study is the importance of supporting mothers
through these treatments, decisions, and transitions of care not
only for their own well-being, but for the health of their child (49).
Based on the results of this study, it is recommended that health
care providers check in with mothers regularly with regard to their
experiences with their child’s treatments and support them either
through treatment-specific education and training (10,26,28),

referrals to JIA communities for social support (34,50), or referrals
to evidence-based psychological therapies to manage their
child’s treatment pain or the mother’s own mental health (29–31).

Strengths of this study included the rigorous qualitative
approach and diversity of experiences represented. Several limi-
tations must also be acknowledged. First, only mothers’ experi-
ences were captured. This likely reflects the tendency of fathers
to conceal their concerns with their child’s arthritis (23,51,52)
and the larger role that mothers take in their children’s treatments.
Future research should explicitly explore fathers’ experiences with
their child’s treatments to obtain a complete picture of parents’
roles in JIA treatment adherence. Additionally, the cross-sectional
design capturedmothers’ experiences at a moment in time. Given
that JIA treatments frequently change, it is possible that difficulties
present in the original study may have resolved or that new diffi-
culties emerged. Finally, while efforts were made to establish rap-
port and normalize difficulties with adherence, one cannot rule out
the role of social desirability in this topic.

In conclusion, JIA treatments impact mothers through their
roles, relationships, and well-being, which subsequently affects
their experience of internal conflict regarding treatment decisions.
This information highlights the importance of 1) incorporating par-
ents’ expertise in treatment decisions to ameliorate rates of
adherence and 2) supporting the well-being of parents, which
consequently affects the health and well-being of their children.
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Effectiveness and Safety of High-Dose Biologics in Juvenile
Idiopathic Arthritis in the Childhood Arthritis and
Rheumatology Research Alliance

Colleen K. Correll,1 Peter Shrader,2 Anne Dennos,2 Thomas Phillips,2 Natalie J. Shiff,3

Ruud H. J. Verstegen,4 and Timothy Beukelman,5 for the Childhood Arthritis and Rheumatology
Research Alliance Registry Investigators

Objective. To describe high-dose biologic use when treating juvenile idiopathic arthritis (JIA).
Methods. Patients with JIA enrolled in the Childhood Arthritis and Rheumatology Research Alliance Registry and

treated with a biologic after enrollment were eligible. We described the frequency of high-dose biologic use and
characteristics of patients receiving high-dose biologics. We used regression modeling to compare 6-month outcomes
(using disease activity measures) between those who increased their biologic from standard to high dose (high-dose
group) to those who initiated and remained on standard dosing (no-change group), and to those who switched biologic
agents (biologic-switch group). We also compared serious adverse events (SAEs) between groups.

Results. A total of 5,352 patients with JIA were treated with biologics following enrollment; 1,080 (20%) had ever
received a high-dose biologic. There were no significant differences in outcomes between the high-dose group and
the biologic-switch group; both improved disease activity measures, including the clinical Juvenile Arthritis Disease
Activity Score 10 (–3.53 and –3.95, respectively; P = 0.68). Although the SAE rates in the high-dose group and the
biologic-switch group were numerically higher than the no-change group, the event rates were similar, and neither rate
was significantly higher than in the no-change group (unadjusted incident rate ratio 2.5 [95% confidence interval
(95% CI) 0.7–8.5] and 1.8 [95% CI 0.7–4.6], respectively).

Conclusion. Dosing escalation appears to be a reasonable choice to improve disease control, but large, prospec-
tive, randomized studies evaluating specific biologic agents are needed.

INTRODUCTION

Biologic agents are integral to the treatment of juvenile idio-

pathic arthritis (JIA) and associated uveitis (1,2). Pediatric rheuma-

tologists may increase the dosage of biologics beyond the

standard ranges to achieve better disease control. Recent treat-

ment guidelines for JIA-associated uveitis recommend increasing

monoclonal antibody tumor necrosis factor inhibitors (TNFis)

beyond the standard dose prior to changing biologics in inade-

quately controlled chronic anterior uveitis (3). Although high-dose

regimens of biologics are widely discussed in the treatment of JIA

and uveitis, there have been few published studies demonstrating

the efficacy or safety of high-dose biologic use (4–9). These

published studies have been small, single-center retrospective

studies or case reports, and each evaluated a single biologic. This

study describes the use of high-dose biologics in the Childhood

Arthritis and Rheumatology Research Alliance (CARRA) registry

and assesses their effectiveness and safety in the treatment

of JIA.

MATERIALS AND METHODS

This was a retrospective study of patients with JIA enrolled in

the CARRA registry from June 30, 2015 (registry inception) to

December 6, 2019. It is a prospective observational registry that

has enrolled >10,000 patients (>9,000 with JIA) from >60 sites
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in the US and Canada and includes detailed clinical and medica-

tion data (10). Data are collected at enrollment and approximately

every 6 months and at initiation of a new JIA medication.

Description of dosing categories. We defined high-
dose as 40% higher than the upper limits of the labeled or
standard dose, to exclude instances of minor dose variations
due to changes in patients’ body weight or rounding of doses
for convenience (see Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24727). When available, we used the US
Food and Drug Administration (FDA)–approved labeled dose for
each biologic. When a labeled dose was not available because
the biologic was not FDA-approved for the treatment of JIA, we
determined a standard dose using phase III clinical trials and pub-
lished studies. Patients enrolled in the CARRA registry who had a
JIA diagnosis and who had ever received a biologic agent while
enrolled in the registry were included in the description of dosing
categories. We calculated the number of patients who had ever
received high-dose biologics, and the proportion of patients who
received a high-dose biologic at each CARRA registry site,
restricted to sites with at least 20 patients included.

Description of patients who initiated high-dose
biologic therapy. We compared characteristics of patients at
the initiation of biologic therapy (i.e., restricted to biologic-naive
patients) based on dosage category, including the initiation of
standard dose and high dose. Patients were excluded if their first
biologic was started prior to registry enrollment, if dosing informa-
tion was missing, or if the patient had no follow-up visit data to
assess subsequent biologic dosing. Frequency and percentage

were used for categorical variables and were compared using
chi-square tests. Median and interquartile range were used for
continuous variables and were compared using the Kruskal-
Wallis test. The analysis was limited to subjects who had a registry
visit within 30 days of the start of medication, either before or
after, to assess clinical status.

Description of patients by change in therapy. To
assess whether escalation of therapy from standard dose to a high
dose was effective, we compared 3 exposure groups of patients
who all initially received the standard dose. The first exposure
group, termed “high-dose group” started the standard dose and
later switched to a high dose of the same biologic (for example, a
patient who started adalimumab 40 mg every 2 weeks then
increased the dose to 40 mg weekly). The second group, a com-
parator termed “biologic-switch group,” switched from the stan-
dard dose of one biologic to the standard dose of a different
biologic within 30 days of discontinuing the initial biologic (for
example, a patient started on adalimumab 40 mg every 2 weeks
and switched to tocilizumab 162 mg every 2 weeks). The third
group, an additional comparator termed “no-change group,”
started the standard dose and remained on the standard dose of
the initial biologic (for example, started adalimumab 40 mg every
2 weeks and did not receive any other doses during the study
period). If a patient’s dose increased due to increased weight, but
the adjusted dose was still within standard dosing, they remained
in the “no-change group” group. Frequency and percentage were
used for categorical variables and compared using chi-square
tests. Median (interquartile range) were used for continuous
variables and compared using the Kruskal-Wallis test.

Comparison of outcomes by change in therapy. We
used the following clinical measures as outcomes of the effective-
ness of high-dose biologic use: the clinical Juvenile Arthritis
Disease Activity Score 10 (cJADAS-10; chosen because inflamma-
tory markers were frequently not measured in clinical practice),
physician global assessment, number of active joints, patient/
parent global assessment, pain intensity, and Patient-Reported
Outcomes Measurement Information System (PROMIS) T scores
for pain interference and global health assessment.

We compared outcomes following an increase to a high
dose versus biologic switch. For this comparison, the baseline
visit was the visit closest to the treatment change for both expo-
sure groups. Patients without a registry visit within 30 days before
or after the treatment change were excluded from the analysis of
effectiveness. The mean ± SD or proportion for the outcomes
~6 months after the baseline visit were calculated. Unadjusted
and multivariable adjusted regression models (including the time
since biologic initiation) were performed to test the association
between exposure group and the 6-month outcomes.

We compared outcomes following an increase to a high dose
versus no change using propensity score matching. For this

SIGNIFICANCE & INNOVATIONS
• Anecdotally, pediatric rheumatologists are known

to prescribe high-dose biologics to treat inade-
quately controlled juvenile idiopathic arthritis (JIA),
but few published data exist on the safety and effi-
cacy of this practice.

• Our study found that within the Childhood Arthritis
and Rheumatology Research Alliance registry, 20%
of children with JIA received high-dose biologics,
although the use of high-dose biologics varied
widely by site.

• Patients with JIA whose biologic dose escalated
from standard to high dose showed improved dis-
ease activity scores, similar to patients who
switched from one standard-dose biologic to
another; therefore, increasing biologics to a high
dose may be a reasonable option for patients not
adequately controlled on standard-dose therapy.

• There was no significant increase in serious adverse
events in patients receiving high-dose biologics
compared to those receiving standard doses.
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comparison, the baseline visit was the visit closest to the treatment
change for the high-dose exposure group. Patients without a registry
visit within 30 days before or after the treatment change were
excluded from this analysis. Since there is no date of treatment
change in the no-change exposure group, corresponding matches
were conditioned on the time since biologic initiation using data pools
(e.g., whenmatching a patient who increased to a high dose at a visit
~12 months after biologic initiation, only 12 month visits in the no-
change group were considered as potential baseline visits for match-
ing). Logistic regression was used to calculate the propensity for

being in the high-dose exposure group. Covariates for the propensity
score logistic model included age at diagnosis and baseline visit, sex,
race, JIA category, and outcome assessment at the baseline visit.
Due to missing outcome data, a separate propensity score and
match were performed for each outcome. Propensity score match-
ing was performed to obtain 1-to-1 matches using a caliper of 20%
of an SD of the propensity score. The mean ± SD or proportion for
outcomes 6 months after the treatment change baseline visit were
calculated. Unadjusted regression models were performed using
the matched pairs to test the association between the exposure
group and the 6-month outcomes.

Discontinuation rates and serious adverse events
(SAEs). SAEs are reported in the CARRA registry as soon as sites
learn of their occurrence. SAEs are reported for all registry partici-
pants irrespective of medication exposure. SAEs include death, life
threatening events, events requiring inpatient hospitalization or pro-
longation of existing hospitalization, persistent or significant disabil-
ity/incapacity, congenital anomaly/birth defects, and/or important
medical events. To assess the relative safety of high-dose biologics,
we compared rates of biologic discontinuation and SAEs between
the 3 exposure groups. A registry visit near the time of medication
change was not required for patients to be included in the
assessment of discontinuation or SAEs. For the high-dose and
biologic-switch exposure groups, follow-up began on the date of
the medication change. For the no-change exposure group, follow-
up began on the date of first biologic use. In the case of SAEs, if a
subject discontinued their treatment, follow-up was censored

Table 1. Percentage of patients taking biologics while enrolled in
the CARRA registry who ever had a high-dose biologic*

Medication Overall, no. High dose, no. (%)†

Any biologic 5,352 1,080 (20.2)
TNF inhibitors
Adalimumab 2,502 521 (20.8)
Certolizumab 24 7 (29.2)
Etanercept 2,165 215 (9.9)
Golimumab 68 8 (11.8)
Infliximab 506 236 (46.6)

Non-TNF inhibitors
Abatacept 351 49 (14.0)
Anakinra 245 45 (18.4)
Canakinumab 230 6 (2.6)
Rilonacept 6 0 (0.00)
Tocilizumab 643 100 (15.6)

Any biologic 5,352 1,080 (20.2)

* CARRA = Childhood Arthritis and Rheumatology Research Alliance;
TNF = tumor necrosis factor.
† High-dose was defined as 40% higher than the upper limits of the
standard dose.

Figure 1. Any high-dose biologic use by a Childhood Arthritis and Rheumatology Research Alliance site.
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90 days after the date of discontinuation. The incidence rate (events
per 100 patient-years of follow-up) with 95% confidence intervals
(95% CIs) were calculated for both discontinuation and SAEs. Unad-
justed incidence rate ratios were determined to compare SAE rates
across exposure groups. This study was determined to be exempt
from institutional review by the University of Minnesota Institutional
Review Board (STUDY00001045).

RESULTS

Frequency of receipt of high-dose biologic. There
were 5,352 patients with JIA in the CARRA registry who received
a biologic during their enrollment. Among them, 1,080 (20.1%)
had ever received a high-dose biologic (Table 1). Of 506 patients
treated with infliximab, 46.6% had been treated with a high dose.
Other commonly used biologics that had the highest proportion of

patients ever receiving a high dose included adalimumab (20.8%),
anakinra (18.4%), and tocilizumab (15.6%). High-dose biologic
use varied by >12-fold across CARRA registry sites. Of the
50 sites evaluated, the median proportion of patients receiving
high-dose biologics was 17.2%, with a range from 2.6% to
33.2% (Figure 1).

Characteristics of patients at initiation of biologic
agents. There were 1,410 patients with JIA who initiated first bio-
logic therapy after enrollment into the CARRA registry and who
had complete dosing and follow-up data. Upon initiation of the
biologic therapy, most (n = 1,229, 87.1%) started on standard-
dose, while 145 (10.3%) started on high-dose. Twenty-five
(2.0%) were initiated on a low-dose biologic (<40% of the labeled
dose) but were not included in this study. Table 2 compares char-
acteristics of patients at the initiation of standard-dose biologic

Table 2. Characteristics of patients at initiation of biologic, comparing standard dose to high dose*

Characteristic†
Standard dose

(n = 827)
High dose
(n = 101) P

Demographic characteristics
Female, no. (%) 570 (68.9) 72 (71.3) 0.63
Race, no. (%) 0.79
White 579 (70.0) 74 (73.3) –

Black 45 (5.4) 6 (5.9) –

Hispanic 82 (9.9) 7 (6.9) –

Other 121 (14.6) 14 (13.9) –

Biologic characteristics
Biologic therapy initiated, no. (%) 0.01
Abatacept 10 (1.2) 2 (2.0) –

Adalimumab 321 (38.8) 41 (40.6) –

Anakinra 39 (4.7) 4 (4.0) –

Canakinumab 16 (1.9) 0 (0.0) –

Certolizumab 1 (0.1) 0 (0.0) –

Etanercept 417 (50.2) 46 (45.5) –

Golimumab 4 (0.5) 1 (1.0) –

Infliximab 5 (0.6) 5 (5.0) –

Tocilizumab 14 (1.7) 2 (2.0) –

Median age at initiation of biologic, years 12.1 (7.6–15.3) 10.3 (4.1–13.7) 0.0004
JIA characteristics
Age at diagnosis, years 10.2 (4.7–14.1) 7.4 (2.5–11.8) 0.0003
Missing, no. (%) 34 (4.1) 4 (4.0) –

Age at JIA onset, years 8.5 (3.7–12.9) 5.3 (2.0–10.0) 0.0004
Missing, no. (%) 186 (22.5) 24 (23.8) –

Uveitis, ever, no. (%) 60 (7.7) 11 (11.8) 0.17
Missing, no. (%) 45 (5.4) 8 (7.9) –

Assessments
Physician global assessment 4.0 (2.0–6.0) 4.0 (2.5–6.8) 0.19
Missing, no. (%) 54 (6.5) 1 (1.0) –

Patient global assessment 4.0 (1.0–6.0) 4.0 (1.0–6.0) 0.50
Missing, no. (%) 105 (12.7) 6 (5.9) –

Number of joints with arthritis 4.0 (2.0–9.0) 4.0 (1.0–8.0) 0.99
Missing, no. (%) 22 (2.7) 2 (2.0) –

cJADAS-10 12.0 (7.0–18.0) 13.0 (7.5–18.0) 0.90
Missing, no. (%) 145 (17.5) 7 (6.9) –

* Values are the median (interquartile range) unless indicated otherwise. cJADAS-10 = clinical Juvenile Arthritis Dis-
ease Activity Score; JIA = juvenile idiopathic arthritis.
† Parental education, household income, JIA category, sacroiliitis, uveitis comorbidity, antinuclear antibody positiv-
ity, HLA–B27 positivity, use of methotrexate or other nonbiologic disease-modifying antirheumatic drugs within
30 days of initiation of the biologic, and patient-reported outcomes for pain were not significant and were not
included in this table.
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Table 3. Characteristics at initiation of biologic therapy by dosage change category*

Characteristic†
No change
(n = 574)

High dose
(n = 63)

Biologic switch
(n = 162) P

Demographic characteristics
Parental/guardian education level, no. (%) 0.003
Elementary/middle school 8 (1.6) 2 (3.5) 1 (0.7) –

Some high school 10 (2.0) 1 (1.7) 9 (6.0) –

Graduated high school 63 (12.3) 7 (12.1) 26 (17.3) –

College 227 (44.4) 17 (29.3) 67 (44.7) –

Graduate school 107 (20.9) 19 (32.8) 35 (23.3) –

Prefer not to answer 96 (18.8) 12 (20.7) 12 (8.0) –

Missing 63 (11.0) 5 (7.9) 12 (7.4) –

Biologic characteristics
Biologic therapy initiated, no. (%) <0.0001
Abatacept 9 (1.6) 0 (0.0) 1 (0.6) –

Adalimumab 244 (42.5) 43 (68.3) 29 (17.9) –

Anakinra 17 (3.0) 5 (7.9) 15 (9.3) –

Canakinumab 14 (2.4) 0 (0.0) 1 (0.6) –

Certolizumab 1 (0.2) 0 (0.0) 0 (0.0) –

Etanercept 270 (47.0) 14 (22.2) 115 (71.0) –

Golimumab 4 (0.7) 0 (0.0) 0 (0.0) –

Infliximab 4 (0.7) 1 (1.6) 0 (0.0) –

Tocilizumab 11 (1.9) 0 (0.0) 1 (0.6) –

Age at diagnosis, years 9.8 (4.5–14.0) 8.0 (3.4–12.6) 11.6 (7.4–14.9) 0.0002
Age at initiation of biologic, years 11.9 (7.2–15.4) 10.8 (4.5–13.7) 13.0 (8.9–15.6) 0.01

Other treatments with 30 days of initiation of biologic
Any nonbiologic DMARD, no. (%) 441 (76.8) 50 (79.4) 125 (77.2) 0.90
Methotrexate, no. (%) 417 (72.7) 48 (76.1) 118 (72.8) 0.83
JIA category, no. (%) 0.05
Systemic arthritis 34 (5.9) 5 (7.9) 17 (10.5) –

Oligoarthritis 173 (30.1) 10 (15.9) 38 (23.5) –

Polyarthritis (RF negative) 175 (30.5) 19 (30.2) 53 (32.7) –

Polyarthritis (RF positive) 66 (11.5) 9 (14.2) 22 (13.6) –

Psoriatic arthritis 34 (5.9) 2 (3.2) 6 (3.7) –

Enthesitis-related arthritis 70 (12.2) 16 (25.4) 23 (14.2) –

Undifferentiated arthritis 22 (3.8) 2 (3.2) 3 (1.9) –

Sacroiliitis by clinical exam, no. (%) 0.007
No 462 (80.5) 45 (71.4) 113 (69.8) –

Yes 35 (6.1) 9 (14.3) 21 (13.0) –

Not done 77 (13.4) 9 (14.3) 28 (17.3) –

Uveitis diagnosis, no. (%)‡ 46 (8.4) 5 (8.6) 7 (4.6) 0.27
Missing 29 (5.1) 5 (7.9) 8 (4.9) –

Assessments
Physician global assessment 3.5 (2.0–5.0) 4.0 (3.0–6.0) 4.0 (3.0–7.0) 0.0009
Missing, no. (%) 38 (6.6) 2 (3.2) 11 (6.8) –

Patient global assessment 3.0 (1.0–5.0) 4.0 (2.0–6.0) 5.0 (3.0–7.0) <0.0001
Missing, no. (%) 78 (13.6) 5 (7.9) 17 (10.5) –

cJADAS-10 11.0 (7.0–17.5) 15.0 (9.0–20.0) 15.0 (10.0–21.0) <0.0001
Missing, no. (%) 105 (18.3) 6 (9.5) 28 (17.3) –

Number of joints with arthritis 4.0 (1.0–8.0) 6.0 (2.0–10.0) 5.0 (2.0–14.0) 0.002
Missing, no. (%) 16 (2.8) 0 (0.0) 5 (3.1) –

Patient-reported outcomes§
Pain intensity in the past 7 days 4.0 (2.0–6.0) 5.5 (3.0–7.0) 6.0 (3.0–7.0) <0.0001

Missing, no. (%) 177 (30.8) 13 (20.6) 36 (22.2) –

Pain interference T score 54.7 (47.1–60.4) 57.3 (52.9–61.4) 57.6 (51.7–62.4) 0.008
Missing, no. (%) 236 (41.1) 23 (36.5) 47 (29.0) –

PROMIS mobility T score 42.8 (34.2–51.6) 40.1 (28.4–48.4) 36.0 (28.4–44.4) <0.0001
Missing, no. (%) 270 (47.0) 32 (50.8) 75 (46.3) –

Pediatric global health survey T score 39.3 (35.6–43.9) 36.2 (34.6–39.7) 36.2 (32.4–42.1) 0.0007
Missing, no. (%) 176 (30.7) 14 (22.2) 39 (24.1) –

* Values are the median (interquartile range) unless indicated otherwise. Missing values are not included in the denominator for percentages.
cJADAS-10 = clinical Juvenile Arthritis Disease Activity Score; DMARD = disease-modifying antirheumatic drug; JIA = juvenile idiopathic arthritis;
PROMIS = Patient-Reported Outcomes Measurement Information System; RF = rheumatoid factor.
† Race, sex, household income, antinuclear antibody positivity, HLA–B27, methotrexate and other DMARD use, PROMIS upper-extremity T
score, and inadequate disease control were not statistically significant and were not included in this table.
‡ Uveitis at the visit closest to initiation of biologic.
§ A higher T score indicates a worse outcome for pain measures, and a lower T score indicates a worse outcome for mobility and global health.
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therapy to high-dose therapy. Etanercept and adalimumab were
the most commonly initiated high-dose biologics. Compared to
patients started on the standard dose, those who were started
on high-dose biologics were younger at JIA diagnosis and upon
start of biologic treatment. There were no differences in disease
activity measures between these groups. There were also no dif-
ferences in JIA category, uveitis status, antinuclear antibody
(ANA) or HLA–B27 positivity, clinical sacroiliitis, patient-reported
outcomes, or concurrent disease-modifying antirheumatic drug
(DMARD) usage.

Comparison of high-dose and biologic-switch
groups. As shown in Table 3, of those who initiated standard bio-
logic dosing after enrollment in the registry, 574 of 827 (69%) con-
tinued on standard dosing (no-change group), 63 (7.6%)
increased to a high dose (high-dose group), 162 (19.6%)
switched to another biologic (biologic-switch group), and
28 (3.4%) decreased to a low dose (not further analyzed). In the
high-dose group, most received adalimumab (68.3%), whereas
among the biologic-switch group, most were taking etanercept
(71.0%), although adalimumab and etanercept were the most
commonly used biologics in all groups. The high-dose group
tended to be younger at diagnosis (median age 8.0 years) and at
the start of a biologic (median age 10.8 years). Those who
switched to a new biologic were generally older at diagnosis
(median age 11.6 years) and at the start of biologic therapy
(median age 13.0). Race, sex, household income, JIA category,

nonbiologic DMARD usage within 30 days of biologic initiation,
uveitis (ever), and ANA and HLA–B27 positivity were not different
between dosing categories. Patients in the high-dose and
biologic-switch groups had higher disease activity scores com-
pared to those with no change to their biologic. Patient-reported
outcomes, including pain intensity, pain interference, mobility,
and global health T scores were better in the no-change group
compared to the other groups, although notably, a substantial
amount of patient-reported outcomes data was missing.

Outcomes comparison. There were no significant differ-
ences in outcomes between the high-dose group and the
biologic-switch group. The sample sizes for these comparisons
were small, but the numerical changes in outcomes were similar
between these groups in most measures (Table 4). Disease activ-
ity scores including cJADAS-10, physician- and parent/patient
global assessments, and active joint counts improved in both
groups. Patient-reported outcomes including pain intensity and
functional mobility also improved in both groups. Although not
statistically significant, there was a relatively large difference in
the change in PROMIS physical function upper-extremity T score
between the high-dose and biologic-switch groups (4.86 versus
0.22, adjusted P = 0.447).

When we performed propensity score 1:1 matching to com-
pare 6-month outcomes between those who increased medica-
tion dosage to the high-dose group and the no-change group,
the sample sizes were again small. As shown in Table 4, no

Table 4. Two separate comparisons showing differences in 6-month outcomes between high-dose and biologic-switch groups using unad-
justed linear regression and multivariate analysis (in the first 4 results columns); and 6-month differences in outcomes between no-change and
high-dose groups using propensity matching (in the last 2 columns)*

Outcome High dose Biologic switch Unadjusted P Adjusted P† High dose No change P

cJADAS-10 –3.53 ± 5.12
(n = 18)

–3.95 ± 7.16
(n = 74)

0.81 0.68 –3.78 ± 5.31
(n = 16)

–3.28 ± 7.72
(n = 16)

0.83

cJADAS-10 ≤1 after
follow-up, no. (%)

6 (33.3)
(n = 18)

23 (31.1)
(n = 74)

0.85 0.40 6 (37.5)
(n = 16)

6 (37.50)
(n = 16)

0.99

Physician global assessment –1.15 ± 1.58
(n = 24)

–1.50 ± 2.16
(n = 96)

0.45 0.72 –1.12 ± 1.65
(n = 21)

–1.43 ± 2.61
(n = 21)

0.65

Number of active joints –1.89 ± 2.55
(n = 27)

–1.56 ± 5.59
(n = 104)

0.77 0.40 –2.04 ± 2.57
(n = 23)

–0.13 ± 1.60
(n = 23)

0.004

Patient/parent global
assessment

–0.47 ± 2.22
(n = 19)

–0.49 ± 2.72
(n = 81)

0.98 0.71 –0.59 ± 2.32
(n = 17)

–1.59 ± 3.04
(n = 17)

0.29

Pain intensity –0.38 ± 2.83
(n = 16)

–1.03 ± 2.79
(n = 59)

0.41 0.34 –0.07 ± 2.73
(n = 14)

–0.43 ± 1.16
(n = 14)

0.66

PROMIS pain interference
T score‡

2.43 ± 6.18
(n = 10)

–0.28 ± 8.67
(n = 40)

0.36 0.60 2.43 ± 6.18
(n = 10)

0.65 ± 9.32
(n = 10)

0.62

PROMIS physical function:
mobility T score‡

2.97 ± 11.29
(n = 15)

2.79 ± 10.47
(n = 50)

0.95 0.45 2.48 ± 11.84
(n = 13)

–0.48 ± 10.09
(n = 13)

0.50

PROMIS physical function:
upper-extremity T score‡

4.86 ± 18.21
(n = 7)

0.22 ± 10.15
(n = 20)

0.41 0.45 4.86 ± 18.21
(n = 7)

0.96 ± 13.65
(n = 7)

0.66

PROMIS global health
assessment‡

–1.94 ± 5.31
(n = 14)

1.08 ± 5.57
(n = 57)

0.07 0.48 –2.70 ± 4.71
(n = 12)

2.87 ± 6.79
(n = 12)

0.03

* Values are the mean ± SD unless indicated otherwise. For clinical Juvenile Arthritis Disease Activity Score (cJADAS-10) ≤1 outcome, frequency
(%) is presented and logistic regression is used to compare groups. PROMIS = Patient-Reported Outcomes Measurement Information System.
† Adjusted for age at visit, sex, age at diagnosis, juvenile idiopathic arthritis category, race, and outcome assessment at visit.
‡ A higher T score indicates a worse outcome for painmeasures, and a lower T score indicates a worse outcome formobility and global health.
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statistically significant differences were found except that the
mean active joint count decreased more in the high-dose group
compared to the matched patients in the no-change group, and
the PROMIS global health assessment score worsened in the
high-dose group and improved in the no-change group. Other
measured outcomes including the cJADAS-10, physician global
assessment, patient/parent global assessment, and other
patient-reported outcomes were not significantly different
between groups.

There were 1,138 patients included in the discontinuation
and SAE analysis. The medication discontinuation rate per
100-patient years was higher for those who increased to a high-
dose biologic (33.9) and for those who switched biologics (43.6)
compared to those who had no change to their standard dose
(19.2) (Table 5). Overall, SAEs were uncommon in all treatment
groups. Although the SAE rates in the high-dose biologic group
and the biologic-switch group were numerically higher than the
no-change group, the event rates were at a similar level, and nei-
ther rate was significantly higher than the in no-change group
(unadjusted incidence rate ratio 2.5 [95% CI 0.7–8.5] and 1.8
[95% CI 0.7–4.6], respectively).

DISCUSSION

High-dose biologic use in the treatment of JIA was common
in the CARRA registry. Twenty percent of patients with JIA treated
with biologics received doses >40% higher than the standard
dose range. TNFis, especially the monoclonal antibodies, were
commonly used at higher doses. Monoclonal antibody TNFis,
including adalimumab and infliximab, may be used more com-
monly at higher doses because they are relatively older biologic
medications, and thus, pediatric rheumatologists have a greater
comfort level when using them in higher doses (4,5,8). Weekly
adalimumab, in particular, has been demonstrated to be safe
and effective in the treatment of other pediatric autoimmune

diseases and adult rheumatoid arthritis (RA) (11–15). Therefore,
unsurprisingly in this study, among patients who initiated their first
biologic after enrollment, adalimumab was the most common bio-
logic to be increased to a high dose. Among this same group,
etanercept was more commonly switched to a different biologic
therapy. This finding may be because patients were switched to
monoclonal antibody TNFis and because high-dose etanercept
has not been demonstrated to be effective in treating JIA (9).

Escalation to high-dose monoclonal antibody TNFis is recom-
mended in children with JIA-associated refractory chronic anterior
uveitis (3), although our study did not demonstrate uveitis positivity
as a characteristic associated with high-dose biologic use. The
reason that we did not find an association between uveitis and
high-dose biologic use is unclear. Use of high-dose biologics for
treatment of arthritis may be underrecognized prior to our study.

Anakinra was also commonly used at a high dose, and this
practice may result from variability in individual patient responses
to anakinra and the relative lack of published data and consensus
on recommended dosing (16). CARRA has developed consensus
treatment plans for the treatment of systemic JIA and has
included recommendations of anakinra dosing between 2 and
4 mg/kg per day, depending on the severity of disease activity,
and we used this dosage as our standard range for this
study (17).

This study demonstrated that use of high-dose biologics var-
ied widely by center, such that very few registry patients at some
sites were ever treated with high-dose biologics, while up to
one-third of patients receiving biologics had been treated with a
course of high-dose biologics at other sites. Our presumption
was that patients were treated with high-dose biologics to
achieve better disease control, either because adequate dis-
ease control had never been achieved or due to loss of effec-
tiveness from antidrug antibodies (18). Therefore, the decision
to escalate therapy from standard to high dose or to switch
from a standard-dose biologic to a second biologic is likely

Table 5. Medication discontinuation rate and serious adverse events by treatment category*

No change
(n = 858)

High dose
(n = 77)

Biologic switch
(n = 203)

Discontinued, no. (%) 199 (23.2) 23 (29.9) 78 (38.4)
Discontinuation rate (95% CI) 19.2 (16.7–22.1) 33.92 (22.5–51.0) 43.6 (34.9–54.4)
Years on treatment among those who discontinued

treatment, median (IQR)
0.6 (0.3–1.1) 0.4 (0.3–1.4) 0.5 (0.3–0.8)

Years on treatment among those who did not
discontinue, median (IQR)

1.1 (0.6–1.9) 0.8 (0.0–1.5) 1.0 (0.5–0.8)

Serious adverse events, no. (%)
0 840 (97.9) 74 (96.1) 198 (97.5)
1 18 (2.1) 3 (3.9) 4 (2.0)
>1 0 (0.0) 0 (0.0) 1 (0.5)

SAE incidence rate (95% CI) 1.7 (1.1–2.6) 4.1 (1.3–12.8) 3.0 (1.4–6.8)
Incidence rate ratio (95% CI) Ref. 2.5 (0.7–8.5) 1.8 (0.7–4.6)

* Event rates are presented per 100 patient-years. 95% CI = 95% confidence interval; IQR = interquartile range; Ref.
= reference.
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due to differences in training and practice patterns and may
have little to do with characteristics of the patient. As we sus-
pected, demographic and disease characteristics were overall
similar between the high-dose and biologic-switch groups.
The majority of patients in both groups had also been treated
with DMARDs (namely methotrexate), both had mean
cJADAS-10 scores of ~14–15 and mean active joint counts of
8–9. Future studies should understand whether there are char-
acteristics that would help providers choose how best to esca-
late or change biologic therapies for patients with inadequately
controlled disease.

To investigate whether high-dose biologics were effective,
we compared 6-month outcomes between the high-dose and
the biologic-switch groups. The 6-month outcomes were similar
between the high-dose and biologic-switch groups, and both
groups had improvements in disease activity measures. These
findings support the idea that if a patient with JIA has inade-
quately controlled disease, increasing to a high-dose biologic is
a reasonable option, as is switching biologics. Factors that likely
impact these decisions include how well the initial biologic is
helping control the disease and patient tolerability of the
medication.

To determine whether increasing a biologic to a high dose
wasmore effective than continuing the standard dose of the same
biologic, we also compared the high-dose group to the no-
change group. To make this comparison, we used propensity
matching in an attempt to compare 6-month outcomes between
patients with similar baseline disease types and activity levels. An
example of a patient in the no-change group might be one with
inadequately controlled disease on a biologic, but instead of
escalating the biologic to a high dose or switching biologic type,
the patient may have had changes made to a nonbiologic
DMARD or may have allowed the treatment plan more time. The
sample size of the no-change group was small, likely because in
clinical practice most patients would not continue their standard
biologic treatment when they had high disease activity. Moreover,
the propensity matching excluded any subjects for whom the
6-month change in outcome was missing, and thus we were left
with even smaller sample sizes.

In terms of safety, there was no statistically significant
increase in SAEs in patients receiving high-dose biologics com-
pared to the standard dose, but there was a trend toward higher
SAEs in these groups. More SAEs in patients may appear with
more active disease and more treatment. The small number of
SAEs prevented further assessment of their nature. However, as
higher doses and a wider variety of biologics continue to be used,
understanding whether there are patterns to the SAEs will be
important, depending on the disease type and biologic used.
Patients receiving a high dose did have higher discontinuation
rates compared to the standard dose, which could be secondary
to intolerance or inadequately controlled disease; however, dis-
continuation rates were even higher in the biologic-switch group,

thus supporting the concept that high-dose biologics are a rea-
sonable option for patients with inadequately controlled disease
receiving the standard dose.

Our goal was to identify circumstances of purposeful
usage of biologics beyond the standard range, which was
why we defined a high dose as >40% of the upper limit of the
standard range. The majority of patients initiated biologics at
the standard dose, and therefore, high-dose use appears to
be the result of subsequent deliberate dose adjustments for
presumed poorly controlled disease rather than disregard for
standard dosing. The reasons for starting a biologic at a high-
dose are unknown, but in most cases, this practice should be
reserved for the most severe disease or other unique circum-
stances. Dosing of biologic agents in children with pediatric
rheumatic diseases has not been studied comprehensively.
First, we lack dose-comparison studies for the vast majority of
drugs. Second, the variability of drug levels between patients
on the same dose is significant, in part due to the presence of
antidrug antibodies (19). The question therefore remains
whether high-dose biologic treatment merely ensures that the
patient achieves a “normal” drug exposure level or whether
JIA in some children requires much higher drug levels than
usual. Future studies should therefore include drug level mea-
surements to address the effect of individual variability in drug
disposition on their clinical outcome.

There are few published studies evaluating the safety of
high-dose biologics in adult RA. The majority of related studies
focus on the cost-effectiveness of dose-escalation of TNFis
(20). Similar to our study, many of the adult RA studies demon-
strate that dose-escalation is most common in adalimumab
and infliximab, but the degree of dose-escalation in these
studies is usually not well-defined. Particularly in regard to
infliximab in RA, the dose was often escalated from 3 mg/kg
to 5–7 mg/kg every 8 weeks. For our study, we defined a high
dose as >15 mg/kg every 8 weeks, a dose that is considerably
higher than that in adult studies. Since children generally have
fewer comorbidities than adults, and given our concern of
active arthritis impacting the child’s growing skeleton, pediat-
ric rheumatologists may have a greater willingness to use
higher doses of biologics compared to adult rheumatologists.
However, comparing studies similar to ours in adult patients
would be important if high doses are used in the real-world
setting.

There were several strengths of this study. First, to our
knowledge, this is the largest and only study to use multicenter
registry data to investigate outcomes of high-dose biologic usage
in JIA. The registry included over 5,000 patients with JIA and
includes detailed medication and clinical data, allowing us to com-
pare important disease activity measures. We were also able to
demonstrate variability in dosing by site. The registry also includes
detailed safety monitoring data, which allowed us to assess rela-
tive safety of such dosing.

HIGH-DOSE BIOLOGIC USAGE 1777



There were several limitations of this study. This was a ret-
rospective study and thus there was some difficulty comparing
outcomes between the no-change, high-dose, and biologic-
switch groups. Ideally, we would conduct a randomized con-
trolled trial to compare outcomes between patients on
standard-dose biologics from those on high-dose, but these
studies require a large amount of funding and resources.
Because we were studying retrospective data, we attempted
to compare similar groups through propensity matching.
Although this is a useful method to compare similar groups,
the final sample sizes for our outcomes comparisons were
small due to missing data, limiting our power to detect differ-
ences between groups. Additionally, our baseline visit allowed
for data collected at a study visit up to 30 days from the initia-
tion of the biologic. In some cases (for example, if a study visit
was 30 days from initiation of fast-acting anakinra), the data
collected may not reflect the disease status at initiation. In
86% of cases, however, the study visit was on the same day
or within 10 days of the biologic initiation. Another limitation of
this study was that we included all biologics in our study and
did not evaluate outcomes with individual biologic agents and
JIA categories. Knowing the cost-effectiveness of high-dose
biologics would also be an important future direction. Finally,
although the follow-up time within the registry was 5 years,
when evaluating SAEs, the median follow-up time was relatively
short, ranging from approximately 6 to 12 months. Knowing the
long-term safety and outcomes of patients receiving high-dose
biologics will be important.

In conclusion, the treatment of JIA with high-dose biologics
was common within the CARRA registry. This was the largest
and most comprehensive study of high-dose biologic use in pedi-
atric rheumatology. Outcomes in patients who increased to high-
dose biologics were similar to those who switched to a second
biologic agent. These study findings support the idea that
attempting escalation of biologic dosing beyond the standard
dose may be a reasonable option for patients who have inade-
quately controlled JIA and/or uveitis.
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B R I E F R E P O R T

Isolation, Behavioral Changes, and Low Seroprevalence
of SARS–CoV-2 Antibodies in Patients With Systemic Lupus
Erythematosus or Rheumatoid Arthritis

Christian Ammitzbøll,1 Jakob Bøgh Andersen,1 Signe Risbøl Vils,2 Clara ElbækMistegaard,2 SusanMikkelsen,2

Christian Erikstrup,2 Marianne Kragh Thomsen,2 Ellen-Margrethe Hauge,2 and Anne Troldborg2

Objective. Patients with chronic rheumatic diseases (CRDs), such as systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA), require special attention during the COVID-19 pandemic as they are considered at risk of
severe infections. Our objective was to assess the seroprevalence of SARS–CoV-2 in patients with SLE and RA and
to assess patient behavior, disease-related symptoms, and mental health.

Methods. More than 900 participants were included: 405 patients with RA or SLE (CRD patients) and 513 blood
donors. All participants had blood SARS–CoV-2 total antibodies measured (sensitivity 96.7%, specificity 99.5%) and
answered a questionnaire concerning behavior, anxiety, and symptoms of depression (Patient Health Questionnaire 9).
The CRD patients were further asked about physical activity, adherence to medication, and disease-related symptoms.

Results. CRD patients had a significantly lower seroprevalence of SARS–CoV-2 antibodies (n = 1 of 365, 0.3%)
compared to blood donors (n = 10 of 513, 1.9%; P = 0.03). Almost 60% of patients were unable to exercise as usual,
and increased pain and disease activity was experienced by 34% and 24% of patients, respectively. Almost 10% of
patients reduced or discontinued their immunosuppressive treatments at their own initiative. Symptoms of moderate
depression were present in 19% of patients compared to 6.8% of blood donors (P < 0.001).

Conclusion. Low seroprevalence in patients with CRDs indicates successful mitigation of exposure to SARS–
CoV-2. However, this mitigation appears to occur at the expense of physical activity, experience of increased pain, dis-
ease activity, and symptoms of depression. There is a need for care providers to be aware of these negative side
effects and for further studies to investigate the possible long-term consequences.

INTRODUCTION

The COVID-19 pandemic has complicated the manage-

ment of systemic lupus erythematosus (SLE) and rheumatoid

arthritis (RA) (throughout this work referred to collectively as

chronic rheumatic diseases [CRDs]). Patients with CRDs are

immunocompromised and generally vulnerable to infection (1).

The fear of COVID-19 and the shielding strategy undertaken by

many CRD patients introduced new challenges in the manage-

ment of the patients. Although recommendations have been

developed to manage patients with CRDs by, i.e., the

European Alliance of Associations for Rheumatology (EULAR)

(2), strong evidence is still lacking to guide treatment decisions.

The hypothesis of being at a higher risk of experiencing

severe COVID-19 when treated with immunosuppressants is not

definitive (3). Some reports indicate that risk of a severe outcome

of COVID-19 is similar in most patients with CRDs to people with-

out CRDs (3), while other reports have indicated the opposite (4).
Denmark has been a low-incidence country, with a seroprev-

alence in June 2020 of 1.9% (5). One explanation for the low sero-

prevalence was a nationally mandated lock-down during March

to June 2020. The immediate need for information and lack

thereof, particularly about patients’ risk of COVID-19, triggered

anxiety and isolation for many patients. Thus, the question

remains whether the consequences of the lock-down,

e.g., isolation, depression, anxiety, lack of exercise, and reduced
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accessibility of rheumatology consult, overshadowed the bene-

fits, considering the low prevalence of COVID-19 in Denmark.
This study aimed to assess the seroprevalence of blood

SARS–CoV-2 total antibodies in patients with CRDs and blood
donors during the first wave of the pandemic. We further evalu-
ated patient behavior regarding medication, exercise, pain, and
experienced disease activity during the pandemic. Finally, we
investigated the differences in anxiety and depression in patients
with CRDs compared with blood donors.

SUBJECTS AND METHODS

Subjects. SLE and RA outpatients at the Department of
Rheumatology, Aarhus University Hospital, were included in the
study. Patients were identified through hospital records. Inclusion
criteria for RA patients were treatment with either a biologic or
small-molecule disease-modifying antirheumatic drug (DMARD),
and fulfillment of either the 1987 American College of Rheumatol-
ogy (ACR) or 2010 ACR/EULAR Classification Criteria (6,7). Inclu-
sion criteria for SLE patients were fulfillment of the 1982 updated
ACR criteria for SLE (8). Comorbidity was assessed using the
Charlson Comorbidity Index. Disease-specific morbidity for SLE
patients was evaluated by the Systemic Lupus International Col-
laborating Clinics (SLICC) score. The 2 patient groups were
selected because they represent some of our potential “high
risk” patients concerning COVID-19. Danish blood donors,
included in the Danish Blood Donor Study, who answered a
specific COVID-19–related questionnaire, were included in the
present study as controls. All subjects were from the same
geographical area.

Questionnaires. After providing informed consent, CRD
patients completed an electronic questionnaire concerning their
mental and physical health, exercise, and behavior (the question-
naire was answered between May 25 and June 7) (see Supple-
mentary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24716).
Two patient research partners and 2 patient advisors from the

Danish Rheumatism Association assisted in the creation of the
questions. Symptoms of depression were assessed using the
Patient Health Questionnaire 9 (PHQ-9) (9), and symptoms of anxi-
ety were evaluated using a national anxiety symptom questionnaire.
Disease characteristics and Charlson Comorbidity Index data were
obtained from the electronic health record. The blood donors’
questionnaire corresponded to that completed by the patients with
CRDs, except for specific questions regarding rheumatic diseases.
CRD patients who were positive for SARS–CoV-2 antibodies or
who previously tested positive with a polymerase chain reaction
(PCR) test were interviewed about their symptoms of COVID-19,
disease duration, and severity.

Blood samples and SARS–CoV-2 antibody testing.
Blood samples from both CRD patients and blood donors were
collected between June 8 and June 19 and analyzed at the
Department of Clinical Microbiology at Aarhus University Hospital.
Serum was tested for antibodies against SARS–CoV-2 using a
SARS–CoV-2 total antibody enzyme-linked immunosorbent
assay (Wantai Biological Pharmacy Enterprise Co.) according to
the manufacturer’s instructions. The assay detects total antibod-
ies in serum binding the SARS–CoV-2 spike protein receptor-
binding domain.

Results were based on a single test result. The sample
absorbance (A) value was divided by a cutoff (CO) value for the
enzyme-linked immunosorbent assay plate based on an average
absorbance value for 3 negative kit controls. A/CO values: <0.9
(negative), 0.9–1.1 (inconclusive), and >1.1 (positive). Perfor-
mance characteristics of the assay have been determined in a
Danish validation study (sensitivity 96.7%, specificity 99.5%)
(10). No cross-reactivity was observed.

Statistical analysis. All values reported are medians with
interquartile ranges (IQRs) unless otherwise stated. The statistical
significance of differences was assessed using the Mann-Whitney
nonparametric test for continuous variables and Pearson’s
chi-square test for categorical variables. Multivariate logistic
regression with depression and behavioral changes as depen-
dent variables and CRD, age, and sex as independent variables
was performed (see Supplementary Table 2, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24716).

Ethics. The Central Denmark Region Committee on Health
Research Ethics was consulted concerning the present study
(Ref. nr. 1-10-72-1-20). The project was approved by the Danish
Data Protection Agency (1-16-02-211-20). The Danish Blood
Donor Study was approved by the Danish Research Ethics Com-
mittees (M-2009-0237, SJ-740) and the Danish Data Protection
Agency (P-2019-99).

SIGNIFICANCE & INNOVATIONS
• Blood donors were significantly more likely to

become infected with SARS–CoV-2 compared to
patients with chronic rheumatic disease (CRD) as
evaluated by specific antibodies against SARS–
CoV-2 in blood.

• During the pandemic, CRD patients were unable to
exercise as usual and experienced increased pain
and disease activity.

• Approximately 10% of patients with CRD reduced or
discontinued prescribed immunosuppressive treat-
ment without their physician’s recommendation.
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RESULTS

Subjects included. Through the hospital registries, we
identified 455 RA patients who fulfilled the ACR 1987 classifica-
tion criteria and were undergoing active treatment with either a
biologic or small-molecule DMARD. RA patients were contacted
consecutively from a random list with the goal of including
200 RA patients. A total of 229 RA patients were contacted, and
199 (87%) consented to participation. Similarly, 215 SLE patients
were identified and contacted, and 206 (96%) agreed to partici-
pate in the study. Thus, a total of 405 CRD patients were
included, and 387 (95.6%) completed the questionnaire. During
the same period of June 2020, 513 blood donors were included
(Table 1).

The RA patients were significantly older than the SLE
patients and blood donors. The RA patients had a median
disease duration of 14 years, 146 (74.5%) of 196 were anti–
citrullinated protein antibody–positive, and 158 (79%) had erosive
disease. The majority of the RA patients were treated with a tumor
necrosis factor inhibitor (n = 108, 54%), and 99 (50%) of all
received concomitant methotrexate (see Supplementary Table 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24716).

SLE patients had an average age of 49 years and a mean
disease duration of 12 years. Most of the SLE patients were anti-
nuclear antibody positive (n = 204, 99%) and were women
(n = 188, 91%), and 60 (29%) with nephritis, with a median SLICC
damage score of 1. They were primarily being treated with
hydroxychloroquine (n = 151, 73%), prednisolone (n = 82, 40%),
or azathioprine (n = 44, 21%) (see Supplementary Table 3, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24716). RA patients had
a significantly higher Charlson Comorbidity Index of 3 compared
to 2 for the SLE patients (P > 0.001). The CRD cohort had a com-
bined median age of 57 years, and the blood donors, a median
age of 47 years (P > 0.001). The CRD patients had a body mass
index of 25.0 kg/m2, which was no different than the blood
donors of 25.5 kg/m2 (P = 0.06).

SARS–CoV-2 antibody and PCR test. All the blood
donors (n = 513) and 365 of the CRD patients (90.1%) had
SARS–CoV-2 antibodies measured (Figure 1). Significantly
more blood donors (n = 10, 1.9%) than patients (n = 1,
0.3%) tested positive for SARS–CoV-2 antibodies (P = 0.03).
A subsequent interview revealed that the antibody-positive

Table 1. Demographic characteristics of the study participants*

SLE RA Blood donors

Patients included, no. 206 199 513
Female sex at birth 188 (91.3) 142 (71.4) 252 (49.1)
Age, median (IQR) years 49.0 (38.3–60.1) 62.5 (51.6–70.5) 47 (33–57)
BMI, median (IQR) kg/m2 24.2 (21.8–27.8) 25.8 (22.5–28.9) 25.5 (23.1–28.4)
Disease duration, median (IQR) years 11.9 (6.0–24.0) 14.0 (8.0–21.0) –

Charlson Comorbidity Index, median (IQR) 2 (1–3) 3 (2–4) –

Smoking
Active 21 (11) 26 (14) –

Previous 75 (38) 95 (50) –

Never 100 (51) 70 (37) –

Hypertension 53 (25.7) 46 (23.4) –

Caucasian 198 (96.1) 198 (99.5) –

Rheumatoid arthritis
Anti-CCP positivity – 146 of 196 (74.5) –

IgM RF positivity – 137 (69) –

Erosive disease on radiograph – 158 (79) –

Systemic lupus erythematosus
ACR classification criteria
Malar rash 129 (63) – –

Discoid rash 133 (6) – –

Photosensitivity 105 (51) – –

Oral ulcers 61 (30) – –

Nonerosive arthritis 172 (84) – –

Pleuritis or pericarditis 61 (30) – –

Renal disorder 60 (29) – –

Neurologic disorder 14 (79) – –

Hematologic disorder 151 (73) – –

Immunologic disorder, 188 (91) – –

Positive antinuclear antibody 204 (99) – –

SLICC score, median (IQR) 1 (0–2) – –

* Values are the number (%) unless indicated otherwise. ACR = American College of Rheumatology; Anti-CCP = anti–
cyclic citrullinated peptide; BMI = body mass index; IQR = interquartile range; RA = rheumatoid arthritis;
RF = rheumatoid factor; SLE = systemic lupus erythematosus; SLICC = Systemic Lupus International Collaborating
Clinics.
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CRD patient had a subclinical, asymptomatic infection. Fifty-
one CRD patients (13.2%) reported a total of 60 PCR tests
performed for SARS–CoV-2 RNA prior to inclusion. All tests
were negative.

Behavioral changes. More CRD patients reported a
change in behavior compared to blood donors (Table 2). Whereas
both CRD patients and blood donors adjusted their behavior with
regard to handwashing (P = 0.90) and sneezing in the elbow
(P = 0.70), CRD patients were more likely to avoid public trans-
portation, avoid large gatherings, and stay home compared to
blood donors (all P ≤ 0.001) (Table 2). Logistic regression adjust-
ing for age and sex did not change this conclusion (see Supple-
mentary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24716).

Exercise, pain, and disease activity. More than half of
the CRD patients (n = 227 of 387, 58.7%) were unable to exercise
as usual and 45% (n = 173) reported being less physically active.
CRD patients experienced increased pain (n = 131, 34%) and an
increase in disease activity (n = 91, 23.5%). The pandemic also
affected how CRD patients took their medication; 8.0% (n = 31)
started taking other medications or supplements to reduce the
risk of COVID-19, and 9.3% (n = 36) reduced or discontinued
their prescribed treatment at their own initiative.

Depression and anxiety. A significantly larger proportion
of CRD patients (n = 73, 18.9%) had symptoms of moderate
depression evaluated by a PHQ-9 score of ≥10, compared to
blood donors (n = 34; P < 0.001) (Table 2). SLE patients (n = 47
of 195, 24.1%) were more affected by moderate depression than
RA patients (n = 26 of 189, 13.8%; P = 0.01). There was no differ-
ence in anxiety symptoms that affected daily function between
CRD patients and blood donors (P = 0.825) (Table 2). Adjustment
for age and sex using logistic regression did not change conclu-
sions regarding depression or anxiety (see Supplementary

Figure 1. Presence of SARS–CoV-2 antibodies in chronic rheu-
matic disease patients (1 of 365, 0.3%) and blood donors (10 of
513, 1.9%). * P = 0.03.

Table 2. Behavioral changes, mental health, pain, and disease activity*

CRD Blood donors P

Behavioral changes due to the risk of COVID-19
Washing hands more often 91.6 91.4 0.92
Coughing or sneezing in the elbow 83.0 84.0 0.67
Wearing face mask 5.0 2.4 0.001
Restricting the use of public transport 47.4 32.9 <0.001
Avoiding places where many people are gathered 80.7 70.0 <0.001
Staying at home 51.6 35.3 <0.001

Symptoms of moderate depression, PHQ-9 score of ≥10 19.01 6.75 <0.001
Effect of anxiety on daily function, anxiety score of >5 5.21 4.88 0.825
COVID-19 test
Have you been tested for COVID-19? 13.2 – –

Did you test positive? 0 – –

Training, pain, and disease activity
Have you been able to exercise as usual? (yes) 41.4 – –

Have you been less physically active due to COVID-19? (yes) 44.7 – –

Has the degree of physical activity increased the pain from your rheumatic disease? (yes) 33.9 – –

Have you experienced increased disease activity during COVID-19? (yes) 23.5 – –

Have you started taking other medicines/supplements to reduce the risk of COVID-19? (yes) 8.0 – –

Have you on your own initiative reduced/discontinued your immunosuppressive
treatment due to concerns about COVID-19? (yes)

9.3 – –

* Values are the percentage. CRD = chronic rheumatic diseases; PHQ-9 = Patient Health Questionnaire 9.
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Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24716).

DISCUSSION

The study aimed to assess how the first wave of the global
COVID-19 pandemic affected patients with CRDs compared to
blood donors in a well-defined geographical region and with com-
parable exposure time. Assessed by SARS–CoV-2 total antibod-
ies in blood, we found that CRD patients had a significantly lower
prevalence compared to blood donors. However, this lower prev-
alence appears to occur at the expense of decreased physical
activity, experience of increased pain, self-perceived disease
activity, and symptoms of depression.

Even though Denmark has so far been a low-incidence coun-
try (5), we were surprised by the low seroprevalence of SARS–
CoV-2 antibodies in the CRD patients. A person becomes
SARS–CoV-2 antibody–positive 1–2 weeks after the onset of
COVID-19. The assay used in the present study has a high diag-
nostic sensitivity and specificity, and no cross-reactivity was
observed in a large validation study that included samples from
patients with autoimmune diseases (10). Antibodies against
SARS–CoV-2 were measured, as we also aimed to identify CRD
patients and controls who had subclinical infection (11). Up to
18% of SARS–CoV-2 infections are subclinical (12). The antibody
response is potentially weaker in patients with CRDs, which could
be due to the use of DMARDs or their underlying immune-
mediated condition. This response may lead to false-negative
results. However, in a severely immunocompromised patient
population (chronic lymphatic leukemia), anti–SARS–CoV-2 anti-
bodies were still present in 67% of patients 3 months after clinical
COVID-19 (13). An alternative explanation for our observations is
provided by the results of the questionnaire, as CRD patients
were significantly more isolated compared to blood donors and
thus less exposed to SARS–CoV-2. Substantiating this interpre-
tation, none of the patients (13.2%) who were tested for SARS–
CoV-2 (PCR test) prior to inclusion tested positive.

The effects of physical isolation, inactivity, pain, disease
activity, and mental health on the patient with CRD intertwine
and are hard to untangle. Nearly 10% of the study population
reduced or discontinued their immunosuppressive medication,
which could possibly lead to disease flare and increased pain in
some of the patients. EULAR has stated that patients with CRDs
should keep taking their medication (2), but uncertainty about
immunosuppressants and the risk of COVID-19 has led to some
patients ignoring expert recommendations.

The present study underlines the fact that the COVID-19
pandemic facilitates an environment that endorses physical inac-
tivity. Nearly 60% of CRD patients were not able to exercise as
usual, resulting in almost 50% being less physically active, and a
third experienced increased pain. Structured physical activity is
an integral part of the treatment for patients with CRDs and is

advocated by EULAR as an essential part of the standard of care
(14). Inactivity in patients with chronic diseases is associated with
poor physical and mental health and an increased risk in both all-
cause mortality and disease-specific mortality (15).

A larger proportion of patientswith CRDexperienced symptoms
of depression compared to blood donors, but depression is known
to be significantly more prevalent among patients with CRDs than in
the general population. Thus, we cannot conclude that symptoms
of depression in the current study per se were related to physical
inactivity and/or physical isolation during the pandemic. Furthermore,
age could be a potential confounder of these results, as the CRD
patients were significantly older than the controls. However, SLE
patients, with the highest rate of depression, had an age comparable
to our controls, and thus age is unlikely to be a confounding factor.

It is apparent that the global pandemic will be prevalent for a
protracted period, and we should acknowledge the potential
long-term consequences of the current recommendations for
patients with CRDs. Patients receiving immunosuppressants in
regions of high incidence of SARS–Cov-2 infection in Italy did
not seem to have a higher risk of serious complications compared
to the general population (16), and studies indicate that most
patients with CRDs do not have a higher frequency of mortality
and poor outcome compared to the general population (3,17),
although further studies are needed to clarify this aspect. Looking
at the consequences of the self-imposed isolation strategy that
some patients with CRDs have chosen, a superior approach
would possibly be to obey the recommendation targeted at the
general population and avoid strict physical isolation.

The strengths of this study are that this is the first work to
evaluate the number of SARS–CoV-2–infected individuals in a
cohort of patients with CRDs by measuring the seroprevalence
of antibodies against SARS–CoV-2. The study included ~80% of
all SLE patients and >40% of all RA patients treated with either a
biologic or small-molecule DMARD in our clinic, representing a
group of significantly immunosuppressed CRD patients. Further,
the study included blood donors from the same region, included
and sampled during the same 2-week period as the CRD
patients. Thus, the exposure time for patients and blood donors
in this study is unbiased.

There are also limitations to the study. We wished to answer
the question of whether having a CRD or receiving DMARD treat-
ment would put CRD patients at a high or low risk of COVID-19.
However, due to shielding and thus nonexposure, the incidence
of infected individuals in the CRD group was too low for these
questions to be addressed. Low seroprevalence of SARS–
CoV-2 Ig in the CRD patients could be due to immunosuppres-
sive treatment. We do not think this possibility is the case, as
symptomatic CRD patients were tested with pharyngeal swap
and PCR test, and none of the CRD patients in the study had
tested positive prior to inclusion. The potential patients with
asymptomatic disease and unmeasurable antibodies cannot be
ruled out.
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A social desirability bias cannot be excluded. Patients would
likely answer questions in a manner that would be viewed favor-
ably by their treating rheumatologist, i.e., to questions about stop-
ping medication. However, for the seroprevalence, we do not
think social desirability has influenced the result. Blood donors
are not representative of the general population, and hence could
represent a selection bias. However, the seroprevalence of
SARS–CoV-2 in the blood donors included in the study reflected
the seroprevalence in the general population of June 2020 in
Denmark (5) and would therefore not bias our results.

We had a high participation and response rate in the study,
but we are aware that nonparticipants and nonresponders could
influence our result. Still, the most common reason for CRD
patients not to participate was fear of leaving home to have blood
drawn. We would as follows expect the nonparticipation to cut
the bias toward negative seroprevalence for the nonresponders.

Although our results suggest that isolation is associated with
apparent protection against COVID-19, the results also raise a
concern regarding the possible consequences of isolation for
patients with CRDs. The potential consequence of physical isola-
tion is a risk of severe mental health issues, physical inactivity, self-
medication, increased pain, and increased disease activity. The
long-term consequences of our recommendations for patients
with CRDs should be taken into account when tackling the con-
tinuing pandemic.
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B R I E F R E P O R T

Increasing Advocacy Awareness in Early Career
Rheumatologists: A Web-Based Educational Tool

Byung Ban,1 Sirisha Gokaraju,1 Angus Worthing,2 Katherine Maher,2 Grace Wright,3 and Gail Kerr4

Objective. To evaluate the utility of a web-based advocacy training tool in increasing advocacy awareness.
Methods. Early career rheumatologists who attended 2019 American College of Rheumatology Advocacy 101 were

invited to participate. A web-based tool consisting of 9 cases covering various aspects of advocacy was developed
and included the opportunity for continuing medical education credit. A preparticipation questionnaire surveyed prior
involvement, knowledge, and willingness to participate in an advocacy program. Participants rated cases based on
educational quality, relevance of content, achievement of training goals, competency, and evidence of bias. Two
web-based conferences were held to address technical questions, review, and discussion of cases and responses,
and to obtain feedback.

Results. Twenty-one early career rheumatologists from 9 academic institutions enrolled, with 15 (75%) completing all
cases. Correct continuing medical education answers were scored on 85% of cases. Overall educational quality of content
received a mean rating of 4.3 of 5. Seven cases achieved positive ratings for relevance of case content, achievement of
training goals, objectivity, and competency. All cases were assessed free of bias. Feedback indicated that 30 minutes were
dedicated to each case, and that a combination of skill set and content learningweremost effective. Pre- and postquestion-
naire scores indicated significant improvement in knowledge of advocacy matters (P < 0.0001).

Conclusion. A web-based advocacy training tool was successful in significantly improving awareness and knowl-
edge of advocacy matters among early career rheumatologists. This innovative educational tool may play a vital role in
shaping the future of rheumatology for both patients and physicians.

INTRODUCTION

Over the past several decades, advocacy for patients and

physician practice has developed an increasingly important role

in the US health care system and serves as a logical extension of

the Hippocratic Oath. As physicians, we are obligated to advo-

cate for our patients and become activists for them beyond the

examination room. However, the US health care system can be

daunting to navigate for both patients and providers, with its mul-

tiple and complex layers. The Accreditation Council for Graduate

Medical Education (ACGME) acknowledges that addressing

advocacy training during graduate medical education is impor-

tant. The ACGME established core competencies, which provide

residence and fellowship programs a framework to train and

evaluate trainees and help ensure that they are on track to

becoming successful physicians in practice. Systems-based

practice is a core competency that addresses the physician role

in health care systems, with the highest level specifying that the

trainee “advocates for or leads systems change that enhances

high-value, efficient, and effective patient care and transition of

care” and “participates in health policy advocacy activities” (1).
A majority (68%) of physician trainees believe advocacy is

important to address during training and in practice. However, a

minority (7–25%) of trainees had formal training or mentorship in

advocacy available at their institution, and very few trainees (4–7%)

were aware of or had participated in local health advocacy groups

(2). Physician trainees who were exposed to advocacy during

training were more likely to report greater skills in engaging with
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their communities and involvement in community activities (3). Unfor-

tunately, there are multiple barriers that prevent trainees from actively

engaging in health advocacy, including insufficient time and rest

periods, and the additional stress of further training requirements (4).
Over the past decade, rheumatologists have faced many

challenges that required advocacy for their patients and prac-
tices. Unfortunately, there are many current challenges and bar-
riers to their involvement in advocacy, including a shrinking
workforce, apathy, and a belief that getting involved will not
change outcomes (5). To continue current advocacy and advance
future efforts, it is essential that we educate early career rheuma-
tologists on the importance of advocacy and improve their confi-
dence with the process so as to increase participation in
advocacy events. Rheumatologists need to be cognizant of the
many formats of advocacy, including financial contributions to
the American College of Rheumatology (ACR) nonpartisan politi-
cal action committee, RheumPAC, participating in the annual
ACR Capitol Hill visits, or serving on ACR committees that
address advocacy, training, and workforce shortages.

In 2015, the ACR established Advocacy 101 as the first in-
person advocacy education program for physician fellows in train-
ing in the US to encourage participation in federal regulatory and
legislative issues that relate to access to care, research funding,
and contemporaneous matters. ACR discovered that fellows in
training were interested in advocacy and learning more about pol-
icies that will impact their clinical practice, but they were unaware
of the existing issues and how to get involved. Despite yearly
expansion of Advocacy 101, >50% of adult and >80% of pediat-
ric trainees remain unexposed to the process. Although knowl-
edge involving the advocacy process improved by 30% upon
completion of the program, there was a minimal increase in ACR
Advocacy awareness (5%) and investment in the RheumPAC
(3%). Fortunately, 48% of the participants reported being recep-
tive to online training on advocacy (6).

Therefore, we developed a web-based Rheumatology
Advocacy Training tool targeted toward early career rheumatolo-
gists (≤2 years of experience). The goal of the project was to
increase advocacy awareness, confidence, knowledge, and par-
ticipation in advocacy matters.

MATERIALS AND METHODS

Early career rheumatologists who attended the 2019 ACR
Advocacy 101 program were invited to participate in the project
(Figure 1). The web-based program consisted of 9 individual
modules, with each case consisting of a clinical scenario based
on a specific aspect of patient- or practice-related advocacy.
Background reading material for each topic involved in the case
was provided, with the use of content from the ACR and other
sources of legislative and regulatory material. Email notifications
announcing the availability of a new case were sent to participants
every 28 days over the course of 9 months. Upon completion of
each clinical scenario and reading of the background material,
participants were required to complete an open-ended question,
allowing the participant to use their newfound knowledge and
provide an informed narrative response. The narrative responses
were summarized as themes at the end of the project.

At the end of each case, there was also a single multiple-
choice question, with the opportunity to claim continuing medical
education (CME) credit. The rate of correct answers for the CME
questions was documented. Participants were also asked to rate
each case based on its educational quality (Likert scale: 1 = poor,
5 = excellent), and a binary response (yes/no) to relevance of con-
tent, achievement of training goals and competency, and evi-
dence of bias. Participants were asked if they were willing to
make changes to their practice or not, relative to the topic of each
case, and the percentage of participants who responded posi-
tively was documented for each case. Participants were asked if
the activity validated their current practice or not.

Pre- and postquestionnaires consisting of 10 identical ques-
tions were administered to assess the participants’ involvement in
advocacy, knowledge of advocacy, and willingness to participate
in advocacy. Each question was answered on a Likert scale
(1 = none, 10 = extremely) and counted equally toward the maxi-
mum score of 100. The paired t-test method was used to assess
significant differences in knowledge of advocacy before and after
completion of the training modules based on the pre- and post-
questionnaire scores.

During the course of the project, participants were invited to
2 web-based teleconferences at the midpoint of the project, to
answer technical questions that may have been encountered by
participants, and at the end of the project, to review and discuss
cases, gather participants’ responses, and obtain feedback. Par-
ticipants provided feedback on the program that included time
required to complete cases and suggestions on improving the
project for future iterations.

RESULTS

The web-based training program invitations were accepted
by 21 early career rheumatologists from 9 academic institutions,
who were mostly fellows in training. Fifteen participants (75%)

SIGNIFICANCE & INNOVATIONS
• Early career rheumatologists receive little to no for-

mal training and report apathy, poor confidence,
and time constraints as barriers to involvement in
advocacy.

• A web-based, case-scenario Rheumatology Advo-
cacy Training tool was successful in significantly
improving awareness and knowledge of advocacy
matters among early career rheumatologists.

• An online advocacy training program allows self-
monitored completion, and participants demon-
strated high engagement and interest.
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completed all 9 case modules and CME questions. Overall, cor-
rect CME answers were scored on 85% of cases, and 7 CME
questions were answered correctly by 13 participants (86.7%).

Informed narrative responses by participants for each case
were summarized as themes at the end of the project. Potential
solutions for patient access at participants’ institutions included
telehealth, Medicare’s Program of All-Inclusive Care for the
Elderly, enrolling family and friends, and a multidisciplinary approach
involving primary care physicians, social workers, and nursing.
Patients’ access to medications were limited for multiple reasons,
including variable drug coverage by insurance companies, diffi-
culties with prior authorization, and lack of transparency among
pharmacy benefit manager rebates. Participants agreed that tele-
health “will be much more commonplace, especially after COVID-
19” and “will enhance care by supporting interval care between
in-person visits.” Participants’ summaries of the ACR’s goals for
drug price reform included safe access to therapy, support for

decreased concentration of pharmacy benefit manager markets,
protection for Medicare Part B drugs, and a standardized appeal
process. Participants described biosimilars as “similar in efficacy
and immunogenicity with brand-name drugs,” “cost effective,” and
“noninferior.” Participants were concerned that Medicare sequestra-
tion will “affect how I budget my practice and willingness to accept
Medicare patients” and lead to “lost revenue [that] could affect
work-flow and ultimately patient care.” Strategies for writing appeal
letters for patients included “emphasizing functional impairment
caused by lack of access to the specific drug” and “explaining how
the patient is unique in his or her response to treatment and how
adverse reactions could lead to hospitalization and increased overall
costs for the patient and insurance company.”

Overall educational quality of content received a mean rating of
4.3 of 5 (range 3.4–4.7) (Figure 2A). Seven cases achieved positive
ratings (Likert scale >4.0) for relevance of case content, achievement
of training goals, objectivity, and competency. Six cases that were

Figure 1. Flow diagram demonstrating the longitudinal experience of each participant. ACR = American College of Rheumatology; CME = con-
tinuing medical education; PBM = Pharmacy Benefit Manager.
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reported to have the greatest impact on participants were Structure
of Medicare Drug Coverage, Telehealth, Biosimilars, Sequestration,
Prior Authorization and Appeal Letters, and Translating Advocacy
Issues into Action. All cases were reported to be free of bias.

A majority of participants responded positively to questions
that assessed their willingness to change their practice. The mean

percentage for participants who responded positively to these
questions was 82.8% (range 70–92%) (Figure 3). Of all cases,
Prior Authorization and Appeal Letters had the lowest percentage
(70%), whereas Structure of Medicare Drug Coverage, ACR
Efforts and Advocacy on Drug Price Reform, Biosimilars, and
Sequestration had the highest percentages (92%). A minority of

Figure 2. Outcomes of ratings on educational quality of case scenarios and pre- and postquestionnaire scores. A, Participants’ ratings of the
educational quality of the 9 case scenarios on a Likert scale from 1 (poor) to 5 (excellent). For reference, the topics for each case scenario are listed
in numerical order in Figure 1. B, Pre- and postquestionnaire scores on a Likert scale from 10 (none) to 100 (extremely) that assessed the partic-
ipants’ involvement and knowledge of advocacy and willingness to participate.

Figure 3. Percentage of participants who agreed with the statements after completing each case module. ACR = American College of Rheuma-
tology; PBM = Pharmacy Benefit Manager.
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participants agreed with the statement that “this activity validated
my current practice,” with a mean percentage of 8.2% (range
0–30%). Patient Access had the lowest percentage (5%),
whereas Prior Authorization and Appeal Letters had the highest
percentage (30%).

Both pre- and postquestionnaire surveys were completed by
15 participants. Three questions addressed prior advocacy involve-
ment, with a mean score before the program of 3.7 (range 1–9),
compared to 7.3 (range 3.7–10) after participation. Six questions
addressed knowledge of advocacy. The mean score before the
programwas 4.4 (range 1.7–8.5); themean score after the program
was 7.7 (range 5–10). One question assessed the participant’s will-
ingness to participate in future advocacy, with a mean score before
the program of 6.2 (range 2–10) compared to 8.0 (range 5–10) after
completion. Pre- and postquestionnaire total mean scores were
47.25 (range 14–87) and 77.75 (range 47–100), respectively, dem-
onstrating significant improvement in knowledge and willingness for
participation in advocacy matters after completion of training
(P < 0.0001) (Figure 2B).

Feedback from participants after completion of the program
included: 1) ~30 minutes was dedicated to the completion of
each case, 2) participants wanted to read additional content for
each case, and 3) establishing a combination of skill set and con-
tent learning would be most effective. Participants reported their
increased interest and involvement in advocacy after completing
the program, which included actions at the state level, enrollment
in various platforms (RheumPAC, ACR, Congress of Clinical
Rheumatology, Advocates for Arthritis), communication with
members of Congress, willingness to continue participating in
ACR Capitol Hill visits and fly-ins, and serving as a fellow-in-train-
ing member on the ACR Committee on Rheumatology Training
and Workforce. One participant stated, “I’ve started regularly
contacting my legislators for issues pertaining to rheumatology
and health care in general.”

DISCUSSION

To the best of our knowledge, this is the first web-based advo-
cacy training tool that has been successful in increasing advocacy
awareness and confidence among early career rheumatologists.
The tool employed case-based learning where students build their
advocacy knowledge through didactics and then apply their knowl-
edge to real-world scenarios, serving as an eventual bridge to pro-
moting long-lasting engagement and active participation in
advocacy. Our project demonstrated high engagement and interest
from participants, with a majority of participants completing all train-
ing modules. Cases generally received positive ratings from partici-
pants and were easy to complete, despite previously stated
concerns of time constraints from busy fellowship schedules.

The 2015 ACR workforce study estimated that the US will face
a shortage of 4,000 rheumatology providers by 2030. Contributing
factors include increased demand for adult rheumatology care due

to an aging population that is proportionally increasing, a workforce
with a large portion of baby boomers who are reaching retirement
soon, low demand for pediatric rheumatology fellowship spots, lim-
ited availability of adult rheumatology fellowship training slots due to
limited funding, and a geographic maldistribution favoring urban
and suburban areas over rural areas where there are critical short-
ages of rheumatology providers (7). A deficit in rheumatology pro-
viders not only limits patient access to care, but also the number
of individuals who can participate in advocacy. Therefore, there is
a need to educate all rheumatologists on the importance of advo-
cacy and to improve their access to advocacy forums and facilitate
the processes so as to circumvent any potential decline in participa-
tion in promotion and support of legislation regarding
rheumatology-related issues.

Our project, in its pilot year, was limited by the number of par-
ticipants. However, there are ~600 early career rheumatologists
enrolled in 123 rheumatology fellowship training programs in the
US, and our program may easily be accessible to all rheumatolo-
gists. Therefore, we plan to expand participation by inviting all
early career rheumatologists across the US to participate in future
advocacy training programs. Currently, a majority of rheumatol-
ogy fellowship programs do not address advocacy awareness
or practice-related issues formally in their curriculums. With the
success and feasibility of our program through its web-based
nature, we anticipate that rheumatology fellowship programs
can easily incorporate the program into their curriculums to
address these deficiencies.

We envision our project as a supplement to the ACR Advo-
cacy 101 program, acting as the online counterpart in a synergis-
tic relationship with ACR Advocacy 101. However, given the small
size of some training programs that would preclude in-person
attendance at the ACR Advocacy program, we believe the com-
prehensive design and context of the online case modules will still
be beneficial to participants. The busy workload of training pro-
grams may have limited or dissuaded early career rheumatolo-
gists from enrolling and participating in the project, but
participant feedback indicating an average completion time of
30 minutes for each module should provide assurance as to the
value of the training modules and assurance that engagement in
this activity is not a barrier to their completion. Further, the imple-
mentation of these modules into rheumatology fellowship curricu-
lums may fulfill 1 of the ACGME systems-based practice core
competency requirements, with ease of use and flexibility to adapt
to the busy schedules of fellows. Due to the generalizable nature
of the topics covered, the project can be modified and expanded
in the future to include other specialties and subspecialties, devel-
oping into a portfolio of advocacy education for early career physi-
cians in residencies and fellowships. Whether this training will lead
to enduring awareness and activism requires long-term assessment.
Wewill have participants complete a post 2-year program evaluation
to assess enduring participation in advocacy activities. Advocacy is
continuously evolving with new challenges to the field of
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rheumatology, so modules will require contemporaneous amend-
ments based on current needs. Based on participants’ responses
to questions at the end of eachmodule, we can identify modules that
scored poorly on educational quality, relevance, and achievement of
training goals and competence, and either improve these modules
for future iterations or replace them with current, relevant material.
Finally, expansion of this initiative may be applied to include other
ACGME mandates, such as cultural competency.

In summary, a web-based, case-scenario Rheumatology Advo-
cacy Training tool was successful in significantly improving awareness
and knowledge of advocacy matters pertinent to the care of rheu-
matic patients among early career rheumatologists. Physicians were
able to access the tool on their own schedules, which contributed to
the high completion rate of all case modules. This tool may play a vital
role in shaping the future of various rheumatology legislative initiatives
by improving rheumatologists’ participation in advocacy.
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Risk of Hospitalization for Serious Infection After
Initiation of Ustekinumab or Other Biologics in Patients
With Psoriasis or Psoriatic Arthritis

Yinzhu Jin,1 Hemin Lee,1 Moa P. Lee,2 Joan E. Landon,1 Joseph F. Merola,1 Rishi J. Desai,1

and Seoyoung C. Kim1

Objective. To compare the risk of serious infections requiring hospitalization in patients with psoriasis (PsO) or
psoriatic arthritis (PsA) initiating ustekinumab versus other biologics or apremilast.

Methods. In this multi-database cohort study, we identified patients with PsO/PsA who initiated therapy with
adalimumab, apremilast, certolizumab, etanercept, golimumab, ixekizumab, secukinumab, or ustekinumab between
2009 and 2018. The primary outcomemeasure was hospitalizations due to serious infections, which included bacterial,
viral, or opportunistic infections. We estimated hazard ratios (HRs) comparing each study drug to ustekinumab after
applying propensity score fine stratification weights for confounding control in each database. Database-specific
weighted HRs were combined by meta-analysis.

Results. We identified 123,383 patients with PsO/PsA who initiated one of the study drugs. During a total of
117,744 person-years of follow-up, 1,514 serious infections occurred with a crude incidence of 1.29 per 100 person-
years. After propensity score fine stratification and weighting, the incidence rates of serious infection among ustekinu-
mab initiators ranged from 0.59 to 0.95 per 100 person-years. Compared with ustekinumab, the combined weighted
HRs (95% confidence interval [95% CI]) for serious infections were 1.66 (95% CI 1.34–2.06) for adalimumab, 1.42
(95% CI 1.02–1.96) for apremilast, 1.09 (95% CI 0.68–1.75) for certolizumab, 1.39 (95% CI 1.01–1.90) for etanercept,
1.74 (95%CI 1.00–3.03) for golimumab, 2.92 (95%CI 1.80–4.72) for infliximab, 2.98 (95%CI 1.20–7.41) for ixekizumab,
and 1.84 (95% CI 1.24–2.72) for secukinumab.

Conclusion. Other biologics and apremilast were associated with a 1.4- to 3-times higher risk of hospitalization for
serious infections in PsO/PsA patients when compared to ustekinumab; this finding should be considered in the safety
profile of these therapies when selecting appropriate treatment regimens in patients with PsO/PsA.

INTRODUCTION

Psoriasis (PsO) and psoriatic arthritis (PsA) are chronic

inflammatory conditions affecting the skin and joints and often

require patients to undergo a long-term treatment course. Since

the characterization of tumor necrosis factor (TNF) in 1984 (1),

numerous biologics and small molecules have been developed

for the treatment of inflammatory conditions. Biologics and small

molecules are indicated in moderate-to-severe plaque PsO and

active PsA that is inadequately responsive to conventional

disease-modifying antirheumatic drugs (DMARDs) or other immuno-

suppressants, such as cyclosporine or narrow band ultraviolet

B. Biologics and small molecules that target immune cells (i.e., T

lymphocytes) or block specific molecules (i.e., interleukins [ILs]

and phosphodiesterase [PDE], among others) are reported to

benefit patients in reaching remission at a faster rate compared

to conventional DMARDs, which are nonselective in their immuno-

suppressive effects (2).
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Currently available biologics and newer therapy options
for PsO/PsA approved by the US Food and Drug Administration
include TNF inhibitors (TNFi; adalimumab, certolizumab pegol,
etanercept, golimumab, infliximab), anti–IL-17 inhibitors (brodalu-
mab, ixekizumab, secukinumab), anti–IL-12/23 inhibitor (usteki-
numab), anti–IL-23 inhibitors (guselkumab, tildrakizumab,
risankizumab), and small molecules (apremilast, a PDE4 inhibi-
tor, and tofacitinib, a JAK inhibitor). The efficacy of biologics
and small-molecule therapies in PsO/PsA are well established
in premarketing randomized clinical trials (3,4), and the expected
patient satisfaction is generally high (5).

However, limited information is available on the comparative
safety of these biologics and small molecules in patients with
PsO/PsA. Several previous observational studies have examined
the risk of serious infection in biologic users with PsO/PsA as
there are concerns of immunosuppression in targeted therapies
(6–12). Due to the fact that serious infections requiring hospitaliza-
tion are uncommon, most studies lack statistical power (7). More-
over, a majority of the previous literature compared nonbiologic
DMARDs to biologics, which may not be the most clinically rele-
vant question in an era where clinicians are often in a position to
choose one biologic DMARD over another when patients do not
adequately respond to therapy with conventional DMARDs.

Using 2 large US commercial claims databases, we aimed to
compare the incidence rates (IRs) of hospitalizations due to seri-
ous infections in patients with PsO/PsA initiating adalimumab,
apremilast, certolizumab, etanercept, golimumab, infliximab, ixe-
kizumab, and secukinumab to those in PsO/PsA patients who
received therapy with ustekinumab.

MATERIALS AND METHODS

Data sources. We conducted a population-based cohort
study using 2 large US claims databases, MarketScan (IBM Mar-
ketScan Research Databases; September 25, 2009 to December
31, 2017) and Optum’s De-identified Clinformatics Data Mart

(September 25, 2009 to December 31, 2018). Ustekinumab was
approved by the US Food and Drug Administration on September
25th, 2009. MarketScan and Optum databases contain longitudi-
nal information on medical and pharmacy claims from a number
of different managed care plans, including hospitalizations, outpa-
tient visits, procedures, and pharmacy dispensing. These 2 data-
bases represent a commercially insured population in the US.

The present study was reviewed and approved by the
Institutional Review Board (IRB) of the Brigham andWomen’s Hos-
pital (IRB protocol no. 2011P002580). Patient informed consent
was not required as the databases were completely deidentified.

Study population. We identified the initiators of 1 of the
following 9 biologics or small-molecule drug: ustekinumab, adali-
mumab, apremilast, certolizumab, etanercept, golimumab, inflixi-
mab, ixekizumab, and secukinumab. The index date was the
date of the first dispensing for a given drug after a 6-month wash-
out period (Supplementary Figure 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24630). Patients were required to have ≥2 inpatient
or outpatient International Classification of Disease, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) or Tenth Revision (ICD-10)
diagnosis codes of PsO or ≥2 inpatient or outpatient ICD-9-CM/
ICD-10-CM diagnosis codes of PsA during the 6-month baseline
period. These definitions were modified versions of claims-based
definitions, which had positive predictive values of 75.3% and
75.2% for PsO and PsA, respectively (13). Patients eligible for
study entry were required to be ≥18 years old on the index date
and continuously enrolled in an insurance program included in
the claims databases for ≥6 months prior to the index date.

We excluded patients with a recent hospitalization for a
serious infection 60 days prior to the index date to minimize con-
founding by indication as a recent infection episode may influence
a treatment choice or increase the risk of a subsequent infection.
We also excluded patients with a diagnosis code for rheumatoid
arthritis, inflammatory bowel disease, malignancy, HIV infection,
or organ transplant at baseline. We allowed patients to enter the
cohort only once per treatment episode (i.e., a patient could enter
multiple treatment groups, but only once per treatment group).

Study outcomes. The primary outcome of interest was a
composite end point of hospitalization for serious infection,
including bacterial, viral, or opportunistic infection, based on the
primary inpatient diagnosis codes (14). Secondary outcomes
were serious bacterial infection and herpes zoster viral infection.
Serious bacterial infection was defined by inpatient primary diag-
nosis codes for conditions such as bacterial meningitis, encepha-
litis, cellulitis, endocarditis, bacterial pneumonia, pyelonephritis,
septic arthritis, osteomyelitis, and septicemia. Herpes zoster was
defined as inpatient or outpatient diagnosis codes on any position
(15–17). Full ICD-9-CM/ICD-10-CM diagnosis codes for primary
and secondary outcomes are available at https://www.

SIGNIFICANCE & INNOVATIONS
• The risks of the biologic agents are largely unknown

for rare outcomes, such as serious infections requir-
ing hospitalization, because head-to-head compari-
son studies are challenging to conduct in small
observational studiesorrandomizedcontrolledtrials.

• The present study directly compared ustekinumab
with individual biologics/small-molecule therapy
agent in the psoriasis/psoriatic arthritis population.

• Ustekinumab initiators had a lower risk for serious
infections than other biologics and apremilast
initiators.

• Findings of the present study add important safety
profiles of newly available drugs for more informed
decision-making.
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bwhprime.org/resources.html. Follow-up time started from the
day after the index date to the earliest of the following: study out-
come, disenrollment, death, end of database, index drug discon-
tinuation, or switching to other study drugs.

Covariates. We assessed over 40 variables potentially
associated with psoriatic disease severity—and thus treatment
initiation—and infection risk during the 6-month baseline period.
These included cohort entry calendar year, patient demographic
characteristics (age, sex, region), medications related to PsA/PsO
(oral steroids, methotrexate, number of nonbiologic agents,
number of biologic agents, ultraviolet, or topical therapy), and
infection-related medications (antibiotics, antivirals, vaccination
for influenza or pneumonia). We also assessed comorbidities
(combined comorbidity score [18,19], hypertension, hyperlipid-
emia, heart failure, coronary heart disease, stroke/transient ische-
mic attack, diabetes mellitus, obesity, osteoarthritis, asthma,
chronic obstructive pulmonary disease, liver disease, renal dis-
ease, drug or alcohol abuse), the use of other medications
(anticoagulants, antiplatelets, antidiabetics, antihypertensives,
lipid-lowering drugs, opioids, nonsteroidal antiinflammatory drugs
[NSAIDs], selective cyclooxygenase 2 inhibitors [coxibs]), and
health care utilization factors (emergency department visit, any
hospitalization, number of outpatient visits, number of unique
prescription drugs).

Statistical analysis. In each database, we compared the
baseline characteristics across the 9 study drugs. IRs of the out-
comes as well as incidence rate difference and the number of out-
comes that were considered harmful were assessed by drug
group in each database. To adjust for confounding, we used pro-
pensity score fine stratification and weighting (20). Propensity
score was estimated as the predicted probability of receiving
ustekinumab (i.e., common referent drug) compared to each of
the aforementioned study drugs conditioned on 44 selected
baseline characteristics in separate logistic regression models
(all variables are shown in Table 1, excluding the presence of
PsA/PsO and including the index year). After trimming patients in
the non-overlapping areas of the propensity score, we created
50 strata based on the distribution of the propensity score among
the ustekinumab group. Patients in the other 8 groups were
weighted proportionally to the number of ustekinumab initiators
within each of the 50 strata. Cox proportional hazards regression
estimated the hazard ratios (HRs) for the primary and secondary
outcomes associated with each drug versus ustekinumab after
controlling for confounding using propensity score fine stratifica-
tion weights and the baseline covariates that remained unbal-
anced after application of propensity score fine stratification
weights (Supplementary Tables 1 and 2, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24630). Covariates were considered well-balanced
if the standardized mean differences were <10% (21). In the

statistical analysis, 95% confidence intervals (95% CIs) were cal-
culated using robust SEs to account for multiple treatment epi-
sodes per patient. Database-specific HRs were combined using
an inverse-variance weighted random-effects meta-analysis (22).
To identify potential time-varying confounding after treatment initi-
ation, we assessed selected post–index date characteristics,
including use of steroids or other relevant drugs in patients who
remained in the cohort after 3 months of follow-up.

We conducted subgroup analysis according to sex, prior use
of methotrexate and/or steroids, PsO diagnosis, presence of PsA
in the absence or presence of PsO, and prior use of any conven-
tional synthetic DMARDs at baseline. Within each subgroup, we
estimated the propensity score fine stratification weights sepa-
rately and conducted Cox proportional hazards regression mod-
els with adjustment for propensity score fine stratification
weights and unbalanced covariates after weighting. For the sensi-
tivity analysis, we conducted an intention-to treat analysis (ITT) in
which patients were not censored upon drug discontinuation or
switching but censored at 90 days (ITT-90) or 180 days
(ITT-180). All analyses were conducted using SAS, version 9.4.

RESULTS

Study population. After applying the inclusion and
exclusion study criteria, we identified a total of 123,383 patients
with PsO or PsA, with 80,878 and 42,505 patients from the Market-
Scan and Optum databases, respectively, who initiated ustekinu-
mab or other study drugs (Supplementary Figure 2, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24630). There was a total of 21,679 ustekinu-
mab initiators (n = 13,448 in MarketScan and n = 8,231 in Optum).
The number of initiators of other study drugs ranged from
1,960 in ixekizumab (n = 1,299 in MarketScan and n = 661 in
Optum) to 42,252 in adalimumab (n = 28,484 in MarketScan
and n = 13,768 in Optum). The median number of multiple
entries per unique patient was 1, and 21% of the patients had
more than 1 treatment episode.

Tables 1 and 2 summarize the baseline characteristics of the
study cohort in 6 months prior to the cohort entry. Patients’
mean ± SD ages ranged from 46.8 ± 12.5 to 50.6 ± 12.6 years
in MarketScan and 47.5 ± 13.3 to 53.3 ± 13.2 years in Optum.
In both databases, 46.8% to 63.7% of the patients were female.
Among the ustekinumab initiators, more than 80% had only
PsO, more than 6% had only PsA, and the remaining 14% had
both PsO and PsA during the baseline period. In the other drug
groups, the majority of patients had only PsO.

Prior treatment history for PsO or PsA differed across the
study groups: 46.3–40.8% of ustekinumab initiators in the Market-
Scan and Optum groups, respectively, had prior treatment with
conventional DMARDs, and 19.5% and 17.7% of ustekinumab
initiators in the MarketScan and Optum groups, respectively,
had at least 1 claims-based exposure to study drugs other than
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ustekinumab at baseline. Certolizumab, golimumab, and inflixi-
mab initiators had lower proportions of patients using topical or
ultraviolet treatment for psoriasis but higher use of methotrexate,
oral steroids, or pain-related medications, including NSAIDs,
coxibs, and opioids. Across all study drugs, 39.7–50.9% of
patients used antibiotics, and 3.5–5.2% had antiviral medica-
tions during the baseline period. The combined comorbidity
score was similar across all the study groups (Tables 1 and 2).
We did not notice striking differences among patient character-
istics 3 months post–index date, including cumulative predni-
sone equivalent dose of oral steroids, antibiotic prescriptions,
or number of outpatient visits (Supplementary Table 3, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24630).

Risk of hospitalized serious infections. During a total
of 117,744 person-years of follow-up across the 9 treatment
groups in the 2 data sets, we noted 1,514 hospitalizations for seri-
ous infections, which ranged from 15 in the ixekizumab group to
553 in the adalimumab group. The crude IR of hospitalized seri-
ous infections per 100 person-years was 0.87 and 0.84 for the
MarketScan and Optum groups, respectively, among the usteki-
numab initiators (Table 3). The most frequent infection type was
sepsis, followed by cellulitis and pneumonia. After applying pro-
pensity score fine stratification weights, ustekinumab had a lower

IR of hospitalizations due to serious infection when compared to
all other study drugs (Supplementary Table 4, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24630). Using ustekinumab as the com-
mon reference group, the combined propensity score
stratification (PSS)–weighted HRs for hospitalizations due to
serious infection were 1.66 (95% CI 1.34–2.06) for adalimumab,
1.42 (95% 1.02–1.96) for apremilast, 1.09 (95% 0.68–1.75) for
certolizumab, 1.39 (95% 1.01–1.90) for etanercept, 1.74 (95%
1.00–3.03) for golimumab, 2.92 (95% 1.80–4.72) for infliximab,
2.98 (95% 1.20–7.41) for ixekizumab, and 1.84 (95% 1.24–2.72)
for secukinumab (Figure 1).

Secondary outcome analyses. Similar patterns were
observed for the secondary outcome of serious bacterial infec-
tions. PSS weighted–IRs per 100 person-years were 0.52–0.66
in MarketScan and 0.58–0.72 in Optum in ustekinumab initiators.
For the other study drugs, the propensity score fine stratification–
weighted IRs per 100 person-years ranged from 0.35 among
certolizumab initiators to 1.66 among infliximab initiators in the
MarketScan database. In the Optum cohort, the range of propen-
sity score fine stratification–weighted IRs per 100 person-years
was 0.46 in among certolizumab initiators to 3.76 among inflixi-
mab initiators (Supplementary Table 4, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/

Figure 1. Forest plots with database-specific and combined hazard ratios (HRs) and 95% confidence intervals (95% CIs), weighted for propen-
sity score stratification (PSS) and further adjustment for covariates that had a standardized mean difference of >10% after application
of PSS weighting.
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10.1002/acr.24630). Compared to ustekinumab, the combined
propensity score fine stratification–weighted HRs for serious bac-
terial infection were 1.60 (95% CI 1.10–2.34) for adalimumab,
1.47 (95% CI 1.01–2.13) for apremilast, 0.58 (95% CI 0.31–
1.10) for certolizumab, 1.42 (95% CI 1.00–2.03) for etanercept,
1.75 (95% CI 0.88–3.47) for golimumab, 2.99 (95% CI 1.90–
4.27) for infliximab, 3.31 (95% CI 1.02–10.73) for ixekizumab,
and 1.62 (95% CI 1.04–2.52) for secukinumab (Figure 1).

The propensity score fine stratification–weighted IRs for herpes
zoster outcome in the ustekinumab group ranged 1.03–1.29 per
100 person-years in the MarketScan cohort and 0.88–1.01 per
100 person-years in the Optum cohort (Supplementary Table 4,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24630). Compared to
ustekinumab, the combined propensity score fine stratification–
weighted HRs were 1.05 (95% CI 0.88–1.25) for adalimumab,
0.75 (95% CI 0.55–1.01) for apremilast, 0.53 (95% CI 0.27–1.03)
for certolizumab, 1.13 (95% CI 0.91–1.41) for etanercept, 1.47
(95% CI 0.64–3.36) for golimumab, 1.36 (95% CI 0.76–2.42) for
infliximab, 0.87 (95% CI 0.38–1.98) for ixekizumab, and 1.18
(95% CI 0.74–1.86) for secukinumab (Figure 1).

Subgroup and sensitivity analyses. In the subgroup
analyses by sex, baseline methotrexate use, steroid use, pres-
ence of PsA diagnosis code, and baseline use of any csDMARDs,
the results had a generally consistent trend with the full cohort
estimates (Supplementary Tables 5 and 6, available on the Arthri-

tis Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24630). However, due to the reduced number of
patients and events in the subgroups, we had limited power to
detect statistical difference in most of the comparisons. In the
sensitivity analysis using the ITT-90 or ITT-180 approach, the
combined propensity score fine stratification–weighted and
adjusted HRs and 95% CIs remained similar to the results from
the primary as-treated analysis (Supplementary Figure 3, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24630).

DISCUSSION

In this large US population–based multi-database cohort
study encompassing 123,383 initiators of biologic DMARDs or
apremilast for PsO/PsA, we consistently observed a lower rate
of hospitalization for serious infection among ustekinumab initia-
tors compared to initiators of TNFi, IL-17 inhibitors, and apremi-
last. Risk of herpes zoster infection was similar across the
treatment groups.

Several previous observational studies have explored the risk
of serious infection associated with use of biologics in patients
with PsO (8,9,11,12), which compared the risk of infections in bio-
logics with nonbiologic DMARD users rather than comparing
across different biologic agents (7). Before the surge of new

therapeutic options for PsO or PsA, comparing the infection risk
among nonbiologic users to that of biologic users was relevant
as there was a need to build evidence on the safety of biologic
drugs, all of which carry the risk of immunosuppression. Although
few studies have reported increased infection risk with the use of
biologic DMARDs compared to nonbiologic DMARDs (6,9), data
from most of the existing literature did not seem to signal a
significantly elevated risk of infection for biologics compared to
conventional DMARDs (7,8,11).

Nonetheless, one must note that comparing the risk of infec-
tion among biologic DMARD and nonbiologic DMARD users with-
out careful methodologic consideration can lead to confounding
by indication or contraindication (23). As an example, due to con-
cerns for immunosuppression and the risk of opportunistic infec-
tions, clinicians may not start their patients on a biologic agent if
they have known risk factors for a serious infection. When the
baseline characteristics of subcutaneous biologics (adalimumab,
etanercept, ustekinumab) initiators were compared to initiators
of other PsO drugs (acitretin, apremilast, infliximab, methotrex-
ate), apremilast, infliximab, and methotrexate users were older
and had a higher burden of comorbidities (7). Such differences in
the baseline characteristics may be indicative of the channeling
of patients at higher risk of infection to continue receiving therapy
with conventional DMARDs. To overcome these limitations, we
compared the infection risk between the newer therapeutic
options while giving careful attention to controlling confounding
variables and balancing the differences between the drug groups.

To our knowledge, there is only 1 published study that com-
pared the rate of serious infection solely among different biologic
agents in patients with PsO or PsA, a study by Li et al (10), which
grouped currently available biologics into new initiators of IL-17,
IL-23/23 (ustekinumab), or TNFi group using US commercial data
(Optum) and compared the rate of infections between the 3 groups.
In a cohort where both the biologic-naive and biologic-experienced
group were combined, ustekinumab initiators had a lower risk of
serious infection compared to TNFi initiators. However, no statisti-
cally significant difference was observed for IL-17 versus TNFi or
IL-17 versus ustekinumab. The present study examined a similar
research question but with more granularity by individual biologic
or small-molecule agent rather than as in a combined group of
drugs with similar mechanisms. Thanks to the large cohort size of
our study utilizing data from 2 large US commercial insurance data-
bases, we were able to conduct an individual drug-level analysis.
Still, we observed a low number of events and person-years for
the certolizumab and ixekizumab groups; more studies on these
agents will be needed in the future.

In the primary and secondary analyses, we observed a con-
sistently lower rate of serious infections among ustekinumab initi-
ators compared to initiators of other biologics or apremilast. The
results align with the study by Li et al, which showed a lower risk
of serious infection for ustekinumab users compared with TNFi
users (10). However, the present study brings novelty to the topic
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by conducting a comparison with apremilast or the individual
IL-17 inhibitors against ustekinumab.

The lower risk of serious infections associated with ustekinu-
mab compared to apremilast noted in the present work was
unexpected. We had hypothesized that apremilast users would
have a lower risk of serious infections than users of conventional
DMARDs or biologic agents because apremilast is considered
as an immunomodulating—not immunosuppressive—agent that
inhibits PDE4 (24). Previous randomized clinical trials also did
not show a sign of increased infection risk among apremilast
users. In the LIBERATE (Evaluation in a Placebo-Controlled Study
of Oral Apremilast and Etanercept in Plaque Psoriasis) trial, a
phase IIIb study comparing apremilast, etanercept, and placebo
in PsO, only 1 serious adverse event of mastoiditis was reported
in the apremilast group (25). Similarly, the ESTEEM (Efficacy and
Safety Trial Evaluating the Effects of Apremilast in Psoriasis) trial
did not report a notable risk of serious adverse events in apremi-
last users; however, the proportion of mild respiratory tract infec-
tions was higher in the apremilast group (10.2%) than the
placebo group (7.4%) (26). Nevertheless, it is possible that these
clinical trials were not large enough to capture uncommon events
such as hospitalizations for serious infection.

Information on the risk of infection in apremilast users in real-
world evidence is also limited. A study by Dommasch et al (7)
showed a lower risk of serious infection among apremilast users
than methotrexate users (HR 0.50 [95% CI 0.26–0.94]). However,
a direct comparison between apremilast and ustekinumab has
not been conducted until the present study. One potential expla-
nation for a relatively higher infection risk for apremilast versus
ustekinumab seen in our work could be due to a channeling effect
(27). When crude baseline characteristics were compared, apre-
milast users were generally older and had a higher percentage of
comorbidities or health care utilizations than other drug users.
Although we attempted to balance such differences through our
cofounding control, we may not have been able to fully capture
clinicians or patients’ preference in starting apremilast versus
ustekinumab.

Comparisons between ustekinumab versus secukinumab or
ixekizumab also has not been extensively explored. Although
ustekinumab, secukinumab, and ixekizumab have broadly over-
lapping signaling pathways, secukinumab and ixekizumab are
more selective in blocking IL-17 than ustekinumab (28). Some
in vitro studies suggested a potential deficiency in the IL-17 path-
way, which is targeted by secukinumab and ixekizumab, may
result in increased bacterial and fungal infections due to reduced
innate and T cell immunity (29,30).

In a clinical trial setting, the frequency of infections was com-
parable between the 2 drugs (22.2% and 21.2% in the secukinu-
mab and ustekinumab groups, respectively), although the trial
size (n = 1,102) may not have been adequate to detect rare out-
comes (31). Conversely, a recent observational study noted that
the risk of serious infection was numerically higher in the IL-17

group (ixekizumab and secukinumab combined) compared to
ustekinumab only (HR 1.12 [95% CI 0.62–2.03]) (10). The differ-
ence was even more apparent among biologic-naive patients
(HR 3.34 [95% CI 1.10–10.12]). Our results provide an HR in the
same direction as the previous observational study, but with a
narrower CI because we had an adequate statistical power by uti-
lizing 2 commercial databases.

The present work has several methodologic strengths. First,
we utilized data from 2 large US claims databases that included
more recent calendar years. This is particularly important when
studying the safety of newly marketed drugs. Second, we gener-
ated real-world evidence based on the PsO/PsA population rep-
resentative of those enrolled in commercial health plans in the
US. Third, we conducted an active comparator, new user cohort
study and applied propensity score fine stratification methods to
control for a large number of confounders across multiple expo-
sure groups of different sizes.

The present study has some limitations. First, due to the
nature of limited information available in the claims data, unmea-
sured confounding is possible as data on the disease activity or
the duration of PsO/PsA were not available (32). However, patients
included in the present study were all likely to have active
moderate-to-severe PsO/PsA as they were newly initiated to
receive treatment with a biologic or a small-molecule agent. Sec-
ond, outcome misclassification may be a potential concern as the
definitions used in the present work were based only on diagnosis
codes. However, we defined our serious infection outcomes based
on hospital discharge diagnosis in primary position to rule out irrel-
evant diagnosis codes during a hospitalization. Third, despite com-
bining data from 2 large claims databases, some of the drug
groups were relatively small, which led to less precise estimates.

In this multi-database cohort study of 123,383 patients with
PsO or PsA, the absolute IRs of hospitalizations due to serious
infection were generally low, <1 per 100 person-years, after
patients started biologic drugs or apremilast. The present study
found that other biologics and apremilast were associated with a
higher risk of hospitalizations with serious infections in PsO/PsA
when compared to ustekinumab. However, the risk of herpes
zoster was not different between ustekinumab and other biologic
drugs or apremilast. These head-to-head comparisons of bio-
logics and apremilast for PsO or PsA generate important safety
profiles of newly available drugs that will lead to a more informed
decision-making. Nonetheless, future studies are warranted to
confirm the findings of the present work and explore the mecha-
nisms behind the different infection risks across these agents.
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Agreement Between Physician Evaluation and the
Composite Response Index in Diffuse Cutaneous
Systemic Sclerosis

Boyang Zheng,1 Mianbo Wang,2 Kerry McKenna,2 Lee Shapiro,3 Richard Silver,4 Mary Ellen Csuka,5

Frank van den Hoogen,6 David Robinson,7 John D. Pauling,8 Laura Hummers,9 Thomas Krieg,10
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Objective. Diffuse cutaneous systemic sclerosis (SSc) is a highly heterogeneous disease. A provisionally approved
Composite Response Index in diffuse cutaneous SSc (CRISS) was developed as a 1-year outcome measure for clinical
trials. Our goal was to further validate the CRISS by examining agreement between CRISS definitions for improved/
non-improved with physicians’ evaluation of disease.

Methods. Patient profiles from a large observational cohort were created for 50 random diffuse cutaneous SSc
patients of <5 years disease duration with improved CRISS scores after 1 year and 50 with non-improved CRISS
scores. Profiles described disease features used during the initial CRISS development at baseline and at 1 year. Each
profile was independently rated by 3 expert physicians. Majority opinion determined whether a patient was improved or
not improved, and kappa agreement with the CRISS cutoff of 0.6 was calculated.

Results. Patients had mean ± SD disease duration of 2.2 ± 1.3 years. There was substantial agreement between
the physician majority opinion about each case and the CRISS (κ = 0.76 [95% confidence interval (95% CI) 0.64–
0.88]). The agreement between each individual physician opinion and the CRISS was also substantial (κ = 0.70 [95%
CI 0.62–0.78]). All CRISS non-improvers were also rated as non-improved by physician majority; however, 12 CRISS
improvers were rated as non-improved by physicians.

Conclusion. There was substantial agreement between the dichotomous CRISS rating and physician assessment
of diffuse cutaneous SSc patients after 1 year. This supports the use of a CRISS cutoff at 0.6 for improvement versus
non-improvement, although the CRISS tended to rate more patients as improved than did physicians.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune fibrosing disorder

affecting the skin and internal organs. In the diffuse cutaneous

subtype, the hallmark is widespread skin thickening that extends

beyond the elbows and/or knees. This subtype is associated with

a worse prognosis (1) and increased organ involvement including

the lungs, skin, heart, gastrointestinal tract, and kidneys. These
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manifestations are heterogeneous and range in severity, as each

organ might be affected differently (2–4).
The multifaceted aspects of the disease and the lack of ade-

quate disease measures are particularly problematic in diffuse cuta-
neous SSc clinical trials. In the absence of a validated global
response measure, outcomes have often been evaluated on an
organ-by-organ basis, with the extent of skin involvement historically
emerging as the preferred end point for previous clinical trials of dif-
fuse cutaneous SSc. While skin involvement is weakly correlated
with other disease features (5,6), changes in 1 organ system are
often insufficient to accurately represent the overall disease state (7).

To address this, the American College of Rheumatology (ACR)
has approved a provisional Composite Response Index in diffuse
cutaneous SSc (CRISS) (8) with the goal of improving outcome
assessment in clinical trials. The CRISS assesses the likelihood of
improvement after 1 year, with a cutoff score of ≥0.6 considered
as the most sensitive and specific for improved disease and <0.6
for not improved (8). This measure assesses the changes over
1 year in 5 measures: skin involvement based on the modified
Rodnan skin thickness score (MRSS), lung involvement based on
the forced vital capacity (FVC), patient and physician global assess-
ments of disease activity, and function based on the Health
Assessment Questionnaire disability index (HAQ DI). While the use
of the CRISS has been adopted in several recent or ongoing clinical
trials (9–14), it lacks extensive external validation.

Our main goal was to assess the validity of the CRISS in an
observational cohort by examining the agreement between the
CRISS score and physicians’ opinions of disease evolution in
real-life diffuse cutaneous SSc patients. We hypothesized that
there would be good agreement between the CRISS and physi-
cian assessments to identify an improvement in diffuse cutaneous

SSc patients after 1 year. Because physician opinions were uti-
lized as the gold standard to develop the CRISS, we also aimed
to determine the sensitivity and specificity of the CRISS for
physician-assessed improvement.

PATIENTS AND METHODS

Study population. The Canadian Scleroderma Research
Group (CSRG) registry follows patients from 15 centers in
Canada and Mexico with a confirmed diagnosis of SSc made by
an experienced rheumatologist. Registry patients must be
≥18 years of age, provide informed consent, and be fluent in
English, French, or Spanish. One hundred CSRG patients with
diffuse cutaneous SSc, defined by skin thickening proximal to
the elbows or knees and/or trunk at any time, enrolled between
January 2005 and July 2017 were selected. Patients must have
<5 years disease duration from the first non–Raynaud’s phenom-
enon symptom and have at least 2 consecutive yearly follow-up
visits with all required CRISS features available. Fifty patients were
randomly selected among those with a CRISS score of ≥0.6, and
a remaining 50 patients were randomly selected from among
those with a CRISS score of <0.6 to develop 100 patient profiles.
Ethics committee approval for this study was obtained at the Jew-
ish General Hospital, Montreal, Canada and at all participating
CSRG study sites. See Appendix A for additional members of
the Canadian Scleroderma Research Group and their locations.

CRISS calculation. The CRISS score was calculated based
on 2 steps (8). Step 1 identified patients with significant worsening
or new end-organ damage and automatically assigned them a
score of 0. The criteria for significant worsening or end-organ
damage are as follows: new-onset scleroderma renal crisis; new
left-sided heart failure with left ventricular ejection fraction of
≤45% on transthoracic echocardiogram requiring treatment;
new pulmonary arterial hypertension (confirmed on right-sided
heart catheterization) requiring treatment; ≥15% decline in per-
cent of predicted FVC (FVC%) or FVC% <80% predicted in the
presence of new interstitial lung disease on lung computed
tomography scan. Step 2 of the CRISS estimates a likelihood of
improvement after 1 year using the CRISS equation. This uses a
complex probability equation derived from the logistic regression
model that takes into account the change over 1 year in the fol-
lowing: MRSS, FVC%, patient and physician global assessment
of disease severity, and HAQ DI (8). Scores range from 0–1. The
CRISS score obtained from this equation was used as a
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SIGNIFICANCE & INNOVATIONS
• Agreement between the Combined Response Index

in diffuse cutaneous Systemic Sclerosis (CRISS) and
an independent panel of expert physicians was sub-
stantial in a large diffuse cutaneous systemic sclero-
sis (SSc) cohort.

• CRISS specificity for improvement compared to
physician opinion was lower than the original deri-
vation cohort, and the CRISS was more useful to
identify non-improved subjects.

• Our findings support the validity of a dichotomous
CRISS rating to assess disease changes at 1 year in
diffuse cutaneous SSc.
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dichotomous variable of improved (score ≥0.6) or not improved
(score <0.6).

Patient profiles. Patient profiles were developed based
on the 15 core disease features used in the initial development
of the CRISS score and were recorded at the first (baseline) and
second (1 year) visit. These included patient-rated components
from the Scleroderma HAQ (SHAQ) as well as patient and physi-
cian global assessment scores. These were rated 0–10
(no disease to very severe disease) on numerical rating scales.
Individual SHAQ questions asked patients to “rate in the past
week: how much have your ‘breathing problems,’ ‘intestinal
problems,’ ‘Raynaud’s,’ ‘finger ulcer(s)’ interfered with your daily
activities.” The pain question asked “in the past week, howmuch
pain have you had because of your illness?” The patient global
assessment question asked “in the past week, how was your
overall health?” The physician global severity question asked
“How would you rate the patient’s overall health for the past
week?” Function was assessed using the HAQ DI, which is
scored from 0 (no disability) to 3 (severe disability). Fatigue was
assessed using the Short Form 36 (SF-36) health survey vitality
scale, and overall health-related quality of life using the SF-36
physical component score. Skin involvement was assessed
using the MRSS, which ranges from 0 (no involvement) to
3 (severe thickening) in 17 areas (score range 0–51). Tendon fric-
tion rubs and history of renal crisis were recorded as present or
absent. The number of digital ulcers was noted at each visit.

FVC% was extracted from pulmonary function tests. Body mass
index was obtained from patient measurements. Age and dis-
ease duration at baseline were provided.

Fifteen experienced scleroderma physicians assessed the
patient profiles. Each physician self-reported their clinical experi-
ence and practice setting. No additional contextual information
regarding the cases was provided. Profiles were assigned in such
a way that each patient was assessed by 3 randomly assigned
physicians. Based on the changes over 1 year, physicians then
rated each profile as “improved,” “stable,” “worsened,” or
“unable to tell.” Ratings of “stable,” “worsened,” and “unable to
tell” were considered as physician-rated “not improved” in the
primary analyses. A physician majority rating of “improved” or
“not improved” was reached if at least 2 of 3 physicians rated
the case in the same way. In sensitivity analyses to examine the
impact of the “unable to tell” rating, only “stable” and “worsened”
were considered as “not improved” for physician consensus,
while physician ratings of “unable to tell” were considered as
missing values. Physicians also answered a survey on the number
of years in practice, their type of practice (academic hospital,
community hospital, outpatient clinic), and the average number
of SSc patients they manage per year.

Statistical analysis. Descriptive statistics were used to
summarize baseline demographic and clinical characteristics.
Cohen’s kappa was calculated to assess the level of agreement
between the majority physician opinion of patient profiles and

Table 1. Baseline characteristics of study patients*

CRISS improver CRISS non-improver All patients
(n = 50) (n = 50) (n = 100)

Disease features at baseline
Age, mean ± SD years 52.4 ± 11.1 51.1 ± 13.4 51.8 ± 12.3
Disease duration, mean ± SD years 2.3 ± 1.3 2.1 ± 1.4 2.2 ± 1.3
Female 35 (70) 40 (80) 75 (75)
Immunosuppression† 23 (46) 21 (42) 44 (44)
Interstitial lung disease 18 (36) 21 (42.9) 39 (39.4)
Pulmonary hypertension 4 (8.2) 2 (4.3) 6 (6.3)
Inflammatory myositis 11 (22) 7 (14) 18 (18)
Inflammatory arthritis 12 (24.5) 12 (25.5) 24 (25)
Digital ulcers 27 (54) 21 (42) 48 (48)
Prior renal crisis 6 (12) 0 6 (6)
Autoantibodies
Anticentromere 6 (13.6) 8 (18.2) 14 (15.9)
Anti–topoisomerase I 7 (15.9) 13 (29.6) 20 (22.7)
Anti–RNA polymerase III 19 (43.2) 13 (29.6) 32 (36.4)

CRISS variables, mean ± SD
MRSS 23.0 ± 9.1 18.1 ± 8.9 20.6 ± 9.3
FVC% 89.1 ± 17.9 90.2 ± 16.3 89.6 ± 17.0
HAQ 1.2 ± 0.7 0.9 ± 0.7 1.1 ± 0.7
Patient global assessment 4.9 ± 2.5 3.4 ± 2.6 4.2 ± 2.6
Physician global assessment 4.7 ± 2.6 4.2 ± 2.1 4.4 ± 2.4

* Values are the number (%) unless indicated otherwise. CRISS = Combined Response Index in diffuse cutaneous
Systemic Sclerosis; FVC% = percent of predicted forced vital capacity; HAQ = Health Assessment Questionnaire;
MRSS = modified Rodnan skin thickness score.
† Immunosuppression includes the use of methotrexate, mycophenolate, azathioprine, or cyclophosphamide at
the baseline visit.
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the CRISS score. Any patient for whom a majority opinion could
not be reached because of a missing physician response was
excluded. To assess the effect of “unable to tell” ratings, kappa
was also calculated by considering physician “unable to tell” rat-
ings as missing values. Kappa values between 0.41 and 0.60
were considered as moderate agreement, 0.61–0.80 as substan-
tial, and 0.81–1 as excellent, almost perfect agreement (15). Sen-
sitivity, specificity, positive predictive value, and negative
predictive value of the CRISS for physician majority opinion were
subsequently determined.

RESULTS

Baseline characteristics of the 100 randomly selected diffuse
cutaneous SSc patients are shown in Table 1. All patients fulfilled
the ACR/European Alliance of Associations for Rheumatology
2013 classification criteria, and the mean ± SD disease duration
was 2.2 ± 1.3 years. CRISS improvers more frequently had a his-
tory of pulmonary hypertension, inflammatory myositis, renal cri-
ses, and the presence of anti–RNA polymerase III autoantibodies
at baseline (Table 1). The distribution of CRISS scores in the
cohort favored the extreme CRISS values near 0 or 1. Of the
50 CRISS non-improvers, 44 (88%) had a CRISS score of <0.1.

Of the 50 CRISS improvers, 38 (76%) had a CRISS score of
≥0.9 (Figure 1).

The 15 physician raters represent a multinational group of
experts from the US, Canada, Europe, and UK. The majority
(86.7%) have >15 years of practice in an academic institution
and manage >50 SSc patients every year.

A total of 300 surveys were sent out because each patient
profile was rated by 3 different physicians. The distribution of indi-
vidual physician opinions is shown in Table 2. The kappa agree-
ment between the CRISS and each individual physician
response was substantial (κ = 0.70 [95% confidence interval
(95% CI) 0.62–0.78]). The kappa agreement between the CRISS
and physician majority opinion was also substantial (κ = 0.76
[95% CI 0.64–0.88]). We were able to obtain a majority physician
opinion for all 100 patient profiles, despite 3 missing responses,
because at least 2 of 3 physicians rated the case the same way
(as either improved or non-improved). Based on physician major-
ity opinion, all CRISS non-improvers were also rated as non-
improved. There were disagreements concerning 12 CRISS
improvers (24% of all CRISS improvers) who were considered
non-improved by physician majority opinion (Table 3). Of these
12 cases, 8 were considered stable by the majority of raters,
and the 4 remaining patients had split physician opinion. Only a
single worsened rating was present in 2 of the cases with split
physician opinions (see Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24638).

The sensitivity of the CRISS cutoff when compared to physi-
cian majority opinion as the gold standard was 1.00 (95% CI
0.91–1.00), and the specificity was 0.81 (95% CI 0.69–0.90).
The positive predictive value of the CRISS for improved disease
was 0.76 (95% CI 0.62–0.87), and the negative predictive value
was 1.00 (95% CI 0.93–1.00). The majority (82%) of patients
rated as improved by physician majority opinion had CRISS
scores of ≥0.9, and the majority (76%) of patients with non-
improved physician majority opinion had CRISS scores of ≤0.1.

We also assessed the effect of the “unable to tell” responses.
Twenty-one patient profiles were rated by at least 1 physician as
“unable to tell” regarding how the disease changed after 1 year.
When these ratings were considered as missing, we required
both remaining physicians to agree on improved or not improved
for those cases. There were 7 profiles for which consensus now

Figure 1. Distribution of Combined Response Index in diffuse cuta-
neous Systemic Sclerosis (CRISS) scores in the entire cohort of
100 patients with diffuse cutaneous systemic sclerosis.

Table 2. Individual physician opinions of 300 patient profiles and agreement with Combined Response Index in diffuse cutaneous Systemic
Sclerosis (CRISS) score*

Improved Stable† Worsened† Unable to tell† Missing response‡ Total

CRISS improver (CRISS score ≥ 0.6) 105 31 2 10 2 150
CRISS non-improver (CRISS score < 0.6) 2 58 75 14 1 150
Total 107 89 77 24 3 300

* Values are the number. Agreement between CRISS score and all physician responses before consensus κ = 0.70 (95% confidence interval
0.62–0.78).
† A physician’s responses of stable, worsened, or unable to tell were all considered as non-improved.
‡ Missing responses were excluded from this kappa calculation.
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became impossible. After excluding these profiles from the kappa
calculation, the agreement was stronger (κ = 0.81 [95% CI
0.69–0.92]).

DISCUSSION

This is the first study to validate the CRISS in a longitudinal
observational cohort. We found a substantial agreement between
the dichotomous CRISS rating and physician opinion of clinical
changes after 1 year in early diffuse cutaneous SSc patients. This
strong agreement was found when we assessed individual physi-
cian opinions, majority physician opinions, and when “unable to
tell” physician opinions were removed. This provides an external
validation of the CRISS score in a manner comparable to what
was used in the determination of the CRISS cutoff but with a sep-
arate set of physicians assuming the role of evaluators.

This study could be considered as a form of criterion validity,
i.e., comparison with a gold standard, as one can hypothesize
that any valid assessment of outcome should agree with physi-
cian assessment, which in essence is the only gold standard
available. This was the underpinning of the CRISS score develop-
ment, where a cutoff of ≥0.6 had the highest sensitivity and spec-
ificity for improvement based on physician opinion. As physician
majority opinion was considered the gold standard in our study,
we found that this CRISS cutoff for improvement was extremely
sensitive and excluded all physician-assessed non-improvers.
The specificity of the CRISS was lower in our study than in the
original derivation cohort (81% versus 93%). Physicians were less
likely than the CRISS to rate a patient as improved, and 24% of
patients with a CRISS score of ≥0.6 were considered not
improved according to expert opinion. It is difficult to know what
impact this degree of error would have in clinical trials, but this
finding might influence clinical trial sample sizes in order to
increase the precision of the results.

All disagreement stemmed from cases in which the CRISS
indicated improvement but physicians felt that these patients
were either stable or had split opinions between improved and
unable to tell/stable categories. The basis for this disagreement
is difficult to assess and may have been related to changes in fea-
tures in the patient profiles that were not captured by the CRISS.
Finally the different weighting that individual physicians apply to
different disease variables is a complex issue highlighted by vari-
ous working groups on SSc outcome measures (16,17).

Additional validation of the CRISS against other SSc measures
and organ-specific outcomes will be useful, particularly to inform
on construct validity as well as content validity.

Several drug trials examining the CRISS score as a second-
ary outcome have analyzed the results as a continuous variable.
Differences were seen in the median CRISS scores between
treatment and placebo arms of clinical trials for abatacept (18),
tocilizumab (19), lenabasum (20), and belimumab (21) in diffuse
cutaneous SSc. While these results support the discriminatory
capacity of the CRISS, our study was not designed to assess
the validity of the CRISS as a continuous variable. Because our
cohort tended to have either very low or very high CRISS scores,
we were unable to perform exploratory analyses to examine
agreement outcomes at different CRISS cutoff levels. We were
also unable to assess what would constitute a clinically meaning-
ful change in the CRISS score.

Our study is not without some limitations. One is that our
physician majority opinion does not represent a true consensus
across each set of raters. During the original CRISS development
process, a higher majority (≥75% of raters and/or steering com-
mittee members) was required to reach consensus, and profiles
that could not reach consensus were not included as part of the
development process (22). However, in our study, the kappa
agreement between the CRISS and individual physician assess-
ment was only slightly lower than the agreement with physician
majority opinion, and both kappa values remained substantial.
The response by physicians to rate profiles as “unable to tell”
was regarded conservatively to represent non-improvement,
erring on the side of caution. However, if these were regarded as
non-responses and the resulting non-consensus profiles
excluded, as during the original CRISS development, then the
kappa agreement was even stronger. Thus, we found that at
worst the κ agreement was 0.70 (95% CI 0.62–0.78) and at best
0.81 (95% CI 0.69–0.92).

The extreme bimodal distribution of CRISS values could have
facilitated agreement between physician opinions with the CRISS.
Agreement may have been lower if patient CRISS scores were
closer to the 0.6 cutoff. This bimodal distribution was found in
the original CRISS development cohort (22), and the reasons for
this have not been investigated. While patients who developed
severe organ involvement with an automatic CRISS score of
0 account for some of the very low scores, the clustering of very
high scores is difficult to explain.

Table 3. Physician majority opinions of 100 patient profiles and agreement with Com-
bined Response Index in diffuse cutaneous Systemic Sclerosis (CRISS) score*

Improved Non-improved Total

CRISS improver (CRISS score ≥ 0.6) 38 12 50
CRISS non-improver (CRISS score < 0.6) 0 50 50
Total 38 62 100

* Values are the number. Agreement between CRISS score and physicianmajority opin-
ion κ = 0.76 (95% confidence interval 0.64–0.88).
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Although the CRISS was designed for use in clinical trials, it
was created using observational patient cohorts, and there is no
compelling reason to suspect that these conclusions should differ
in patients with matching inclusion criteria. However, expanded
use in everyday clinical practice may be limited by bias introduced
from unblinded observations and the difficulty in rapidly calculat-
ing the score at the bedside. Furthermore, the validity of the mea-
sure beyond the intended SSc population remains unclear, and
the clinical meaningfulness of the score in prognosis and mortality
requires further elucidation.

Further, although physicians were blinded to the actual
CRISS score, the component features of the CRISS are included
in the patient profiles. Seeing the change in these variables may
allow raters to estimate a CRISS value; however, exact calcula-
tions would be extremely difficult. We did not change the way
patient profiles were established in order to maintain consistency
with the original CRISS development study. Patient profiles
included all SSc domains with the exception of cardiac involve-
ment and pulmonary hypertension (23). While the presence of
existing pulmonary hypertension was tabulated at baseline, it
was not part of the patient profiles. Any new or worsening heart
failure and/or pulmonary hypertension would have automatically
been rated by the CRISS algorithm as non-improved. However,
given that all CRISS non-improvers were also rated as non-
improved by physicians, the absence of these 2 items is unlikely
to have made an impact on our results.

A final point is that the number of diffuse cutaneous SSc
patients with anticentromere antibody (ACA) (16%) is slightly
higher in our study than those reported in other cohorts, varying
between 6% and 12% (24–26). While this may be a concern for
disease misclassification, our study sample is consistent with the
overall pattern of diffuse cutaneous SSc previously reported in
the CSRG (27). All patients were assessed by expert rheumatolo-
gists at baseline and had skin thickening extending proximally to
either elbows or knees to be classified as diffuse cutaneous
SSc. Furthermore, ACA presence should not have biased the
agreement between physician opinion and the CRISS, given that
autoantibody status is not disclosed to physicians nor accounted
for by the CRISS.

Strengths of this study include the large number of cases
assessed in a way that closely mimics the development of the
CRISS. None of the expert physician raters were involved in the
original development process. As there is no a priori agreement
on a standard method for determining physician opinion about
individual cases, we used several different methods of assigning
physician opinion, and all methods provided substantial agree-
ment with the CRISS. Also, we included patients with <5 years
disease duration, and patients had a mean ± SD disease dura-
tion of 2.2 ± 1.3 years, which is similar to that of the intended
population for which the CRISS will be used, i.e., diffuse cutane-
ous SSc subjects with short disease duration recruited for clini-
cal trials.

In conclusion, we found that the agreement between the
CRISS and expert physician opinion was substantial in evaluating
disease improvement in diffuse cutaneous SSc. This finding sup-
ports the use of a dichotomous CRISS outcome of either
improved or non-improved after 1 year. The specificity of the
CRISS was slightly lower than in the original derivation cohort.
Further work could help validate the CRISS in other cohorts and
assess its association with other SSc outcomes and markers of
disease improvement such as survival.
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Patient Experiences of Systemic Lupus Erythematosus:
Findings From a Systematic Review, Meta-Summary,
and Meta-Synthesis

Valentina Petrocchi,1 Erica Visintini,1 Ginevra De Marchi,2 Luca Quartuccio,1 and Alvisa Palese1

Objective. To explore the experience of patients with systemic lupus erythematosus (SLE).
Methods. A systematic review of qualitative studies published in English in the past 10 years and identified through

the PubMed, CINAHL, Scopus, and Web of Science databases was performed following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines. The methodologic quality of each included study was
assessed using the Critical Appraisal Screening Programme tool. Study findings were then subjected to a meta-
summary and meta-synthesis.

Results. Twenty-six studies with a good overall methodologic quality were included, documenting the experience
of 565 adult patients (95% women). A total of 17 codes emerged, summarizing the life experience of SLE patients;
the most and least frequent codes in the meta-summary were “feeling not as I usually do” (69.2%) and “having wishes”
(7.7%). The codes were then categorized into 5 main themes, summarizing the experience of living with SLE: 1) “expe-
riencing waves of emotions due to the unpredictable nature of the disease,” 2) “trying to live an ordinary life,” 3) “listen-
ing to and obeying the body’s limitations,” 4) “reviewing my life projects,” and 5) “dealing with future uncertainties.”

Conclusion. Several qualitative studies have been published to date using good methodologic approaches.
According to the findings, SLE negatively impacts patient experiences by affecting multiple dimensions of their daily
lives, with fatigue and pain as the most frequent symptoms.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a severe autoimmune

rheumatic disease with multisystemic, chronic, and inflammatory

characteristics (1–3). Incidence rates range from approximately

1 to 10 per 100,000 person-years, whereas prevalence is

between 20 and 70 per 100,000 person-years (4,5). Moreover,

SLE incidence has been reported as being higher in young

women and in African American individuals than in other demo-

graphic populations (1,6,7).
Some time prior to a diagnosis of SLE, a number of seem-

ingly disconnected symptoms may be reported, such as fatigue,

weight loss, and unexplained fevers. The most commonly docu-

mented initial symptoms are arthritis, other musculoskeletal pain,

and rashes (often associated with photosensitivity) (8). The dis-

ease symptoms may follow a fluctuating trend, with flares,

relapses, and remissions throughout life, and with great variation

between individuals and even over time within the same per-

son (9,10).
Advances in clinical care have allowed most people with SLE

to have a relatively normal life expectancy; however, the intrusive,

fluctuating, and multidimensional symptoms of SLE have been

reported to affect patients’ quality of life (9). Patient experiences

and coping strategies, as well as the degree of self-criticism and

illness-related effects on interpersonal relationships with family,

carers, and physicians have also been reported to affect quality

of life (11,12). However, despite the relevance attributed to

patient-reported outcomes, given their capacity to allow a full

understanding of the patient experience and enhance symptom

management and outcomes (13), no synthesis of the qualitative

studies available describing the experiences of patients with SLE

has been published to date. Understanding these experiences in

depth, by summarizing the evidence gathered in qualitative stud-

ies, may increase the capacity of health care professionals to
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identify patient needs (14), develop better management options,

and inform quality-of-care indicators (15). Filling in this gap was

the main intention of this study.

MATERIALS AND METHODS

Study design. The research question “What is the experi-
ence of patients with SLE?” was established according to the
population, exposure, and outcome framework (16). Thus, a sys-
tematic review of qualitative studies was performed (17,18).

Searching and retrieving literature. Two researchers
independently conducted a systematic research of primary
studies published up to July 2019 by accessing 4 databases:
CINAHL, MEDLINE, Scopus, and Web of Science. The refer-
ences of the included studies were also checked manually and
an expert librarian supervised the entire process and indepen-
dently performed the research, achieving the same outcomes.
The following search terms were identified: SLE, qualitative
research, and qualitative study, combined with the Boolean
operator AND. The inclusion criteria were primary studies written
in English, studies based on qualitative designs, studies aimed
at exploring the subjective experiences of adult patients regard-
ing living with SLE, and studies published between 2009 and
2019, thus reflecting the lived experience of patients with
access to recent treatments. Studies not reporting patients’
experience (19), and studies that were quantitative in nature,
that concerned the pediatric population (age <18 years) (20), or
that included patients without a defined diagnosis of SLE (21)
according to the American College of Rheumatology, were
excluded (Figure 1).

Quality appraisal. The Critical Appraisal Screening Pro-
gramme (CASP) (22) was used to evaluate the methodologic
quality of the included studies. The appraisal was conducted by
2 reviewers independently (see Supplementary Table 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24639).

Analysis, synthesis, and integration of findings. An
inductive analysis (18,23) was performed by extracting study find-
ings and separating them from other elements of each manu-
script, editing the findings extracted, grouping them in common
domains, abstracting them as codes, and calculating the manifest
frequency and intensity of the effect size. Codes were grouped
and categorized into themes by replication or confirmation, exten-
sion, or refutation of each other, based on their similarities (18)
(see Supplementary Table 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24639). Code frequency was then computed by taking the
number of studies containing the same code and dividing this
number by the total number of studies; code intensity was instead
derived by dividing the number of codes contained in 1 given
study by the total number of findings across all studies (24). Then,
a conceptual diagram representing the experience of SLE
patients was developed.

RESULTS

Studies. A total of 26 studies emerged (see Supplementary
Table 3, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24639), with
11 conducted in the US (25–35). Overall, we included 565 patients
reporting their own experience, 537 (95%) of whom were women.
The average age of patients at the time of reporting was
43.5 years (range 18–80 years). The ethnicity of the sample var-
ied, with a majority of African American (25,27) and Black partici-
pants (29,31,34,36). White, Caucasian, and Asian minorities
were also represented (2,3,32,37). The most frequently reported
symptom was skin rash (38,39), followed by musculoskeletal def-
icits (2,4), pain, and fatigue (3,39). Where reported, disease dura-
tion ranged from 1 year (37,40–42) to 45 years (4).

The SLE patients’ experiences were mainly explored using
qualitative (12 studies [2,27]) and interpretative (5 studies
[32,40]) phenomenologic approaches. Data were collected using
semistructured or open interviews and focus groups conducted
in various settings (e.g., health care facilities) (37,38). In the CASP
evaluation, all studies showed a good methodologic quality (all
total scores >7.5), with item 6 (“Has the relationship between
researchers and participants been adequately considered?”),
most often not reported or reported unclearly.

Meta-summary and synthesis. A total of 17 codes
emerged: 2 studies (41,43) presented the highest code intensity

SIGNIFICANCE & INNOVATIONS
• This is the first systematic review including a meta-

summary and meta-synthesis of qualitative studies
regarding the experience of patients with systemic
lupus erythematosus.

• Living with systemic lupus erythematosus is charac-
terized by 5 themes: 1) experiencing waves of emo-
tions due to the unpredictable nature of the
disease, 2) trying to live an ordinary life, 3) listening
to and obeying the body’s limitations, 4) reviewing
my life projects, and 5) dealing with future
uncertainties.

• Systemic lupus erythematosus negatively impacts
patient experiences by affecting multiple dimen-
sions of their daily lives. In living with lupus, patients
are required to change their life goals and to live
with continuous uncertainty.

• Fatigue and pain still remain the primary unmet
needs in the treatment of systemic lupus
erythematosus.
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(64.7%) and 2 (5,44) the lowest (5.9%) (Table 1). Moreover, the
most frequent code across studies was “feeling not as I usually
do” (69.2%) followed by “being in a relationship with a health care
professional means being compliant” (53.8%) (Table 2). Con-
versely, the least frequent code was “having wishes” (7.7%).
The 17 codes that emerged were categorized into 5 themes
(Figure 2).

Theme 1: experiencing waves of emotions due to
the unpredictable nature of the disease. SLE is character-
ized by active and less active disease phases, attacking the skin
and vital organs in unpredictable flares and remissions throughout
life. Patients live “inside of these waves,” where illness, function,
and emotional interactions generate an “ever-shifting picture.”
Therefore, the existential condition of living with SLE is interpreted
through the metaphor of “moving with the waves of SLE” (4). The
fluctuating nature of SLE limits several aspects of patients’ daily
life, but from another point of view, the fluctuation gives hope to
patients, which is why the moments of good health seemed to
be vital, as “You can forget how it [lupus] is and other things fill
up the day.” At the same time, “If you suddenly get something,
everything is at a standstill again and it takes time before you
resurface” (4). Also, SLE is a “dominant and unpredictable force,
infiltrating everyday life” (4) and intruding upon thinking, relation-
ships, and social planning. A broad range of negative emotions
has been expressed by patients in available studies, such as
anger, frustration, resentment, anxiety, helplessness, depression,
and poor self-esteem (e.g., 40): “You cry and you have different

mood swings. You’re depressed. You feel worthless. You feel like
nobody cares for you” (39). Working seemed to distract patients
from these negative feelings because “when you’re very happy,
you don’t notice the negative influence of the illness” (43). Further-
more, in several studies (3,29,40,41,43), the feeling of uncertainty
is emphasized because “You don’t know if you will be able to be
so lively today, but you’ll be having a flare-up next week” (45),
showing the unpredictability of the disease.

Theme 2: trying to live an ordinary life. Symptoms of
SLE, especially pain and fatigue, have been reported to limit or
prevent activities such as household chores, gardening, cook-
ing, and self-care: “You can’t go anywhere; you can’t go to the
store; you can’t play with your children and you can’t cook
sometimes and you can’t really do what you’re supposed to
do, the daily chores you want to do and you can’t really do it”
(27). Therefore, sometimes patients are forced to get help from
others or push themselves to complete activities (39). While
experiencing these different limitations, patients wish to live nor-
mal lives, without being controlled by symptoms (37). However,
to deal with everyday life, patients need family support that is
unconditional and “always there.” Family appeared to offer a
sense of security in the context of an unpredictable illness,
sometimes over and above other relationships: “When I’m really
bad, none of my friends see me…my family do” (43). The sup-
port of family and friends is essential, but often patients feel mis-
understood because “I am also my illness, but I am not only my
illness” (2). Moreover, patients reported a distorted view of
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themselves as a consequence of the fear of being negatively
judged by others. Expectations of negative judgement seemed
to contribute to worries about social interactions, and social

withdrawal was common in these people (43): “Isolation, friend-
ship, relationships, even family, because you don’t want to
talk about it because there is a sense of shame…and something

Table 1. Meta-summary (ref. 24): code intensity in the included studies*

Author, year (ref.) Codes (n = 17) Intensity, %

Cleanthous et al, 2013 (41) C2, C4, C5, C7, C8, C9, C10, C11, C13, C14, C15 64.7
Rutter and Kiemle, 2015 (43) C1, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12 64.7
Farinha et al, 2017 (38) C1, C2, C4, C5, C6, C9, C10, C16, C17 52.9
Phuti et al, 2019 (42) C1, C2, C3, C4, C5, C6, C8, C9, C10 52.9
Beckerman, 2011 (30) C1, C2, C3, C4, C5, C6, C8, C15 47.0
McElhone et al, 2010 (40) C1, C2, C3, C4, C6, C7, C9, C11 47.0
Pettersson et al, 2010 (46) C1, C3, C4, C5, C6, C8, C11, C12 47.0
Mattsson et al, 2012 (45) C1, C2, C3, C4, C7, C8, C14 41.2
Robinson et al, 2010 (32) C1, C4, C5, C6, C7, C9, C10 41.2
Connolly et al, 2014 (47) C1, C2, C4, C11, C14, C16 35.3
Woods-Giscombé, 2010 (31) C1, C5, C6, C8, C11, C14 35.3
Kier et al, 2016 (37) C1, C11, C12, C13, C14, C16 35.3
Williams et al, 2017 (33) C1, C2, C6, C7, C10, C13 35.2
Mendelson, 2009 (28) C2, C3, C7, C9, C13 29.4
Gallop et al, 2012 (39) C1, C4, C5, C6, C10 29.4
Sterling et al, 2014 (27) C1, C4, C5, C6, C10 29.4
Faith et al, 2018 (34) C1, C5, C8, C12 23.5
Miles, 2011 (29) C7, C9, C12, C15 23.5
Williams et al, 2015 (35) C1, C2, C3, C15 23.5
Larsen et al, 2018 (4) C1, C2, C7 17.6
Ng et al, 2018 (25) C2, C8, C17 17.6
Hale et al, 2015 (36) C1, C2, C13 17.6
Kumar et al, 2011 (48) C2, C12 11.8
Yelin et al, 2019 (26) C3, C15 11.8
Chambers et al, 2009 (44) C2 5.9
Mazzoni and Cicognani, 2014 (5) C5 5.9

* ref. = reference. C1 = feeling not as I usually do; C2 = being in a relationship with a health care professional means being compliant;
C3 = relying on family and professional carers’ support; C4 = negotiating a meaningful occupation; C5 = experiencing paradoxes in family and
social relationships; C6 = an ever-shifting picture: illness, function, and emotional interactions; C7 = being inside of the waves; C8 = relying on
personal resources; C9 = living an assault of my identity; C10 = living limitations in daily life; C11 = being limited in planning the future;
C12 = having a voice in the society; C13 = having (finally) a diagnosis; C14 = accepting being in need of help; C15 = coping with the financial
strain; C16 = initiating the road to acceptance; C17 = having wishes.

Table 2. Meta-summary of codes (ref. 24): frequency across studies*

Codes Studies (n = 26) Frequency, %

Feeling not as I usually do 4,27,30,31,32,33,34,35,36,37,38,39,40,42,43,46,47,48 69.2
Being in a relationship with a health care
professional means being compliant

25,28,30,33,35,37,38,39,41,42,43,44,45,48 53.8

Relying on family and professional
carers’ support

4,26,28,30,34,35,37,39,40,42,44,46,48 50.0

Negotiating a meaningful occupation 27,30,32,37,38,39,40,42,44,46,47,48 46.1
Experiencing paradoxes in family and
social relationships

5,27,28,31,32,34,38,40,44,46,47,48 46.1

An ever-shifting picture: illness, function,
and emotional interactions

27,30,31,32,33,38,40,42,46,47,48 42.3

Being inside of the waves 4,28,29,32,33,39,42,44,46 34.6
Relying on personal resources 25,30,31,34,39,40,44,46,48 34.6
Living an assault of my identity 28,29,32,38,42,44,46,48 30.8
Living limitations in daily life 27,32,33,38,44,46,47,48 30.8
Being limited in planning the future 31,36,37,40,42,44,46 26.9
Having a voice in the society 29,34,36,40,41,46 23.0
Having (finally) a diagnosis 28,33,36,43,44 19.2
Accepting being in need of help 31,36,37,39,44 19.2
Coping with the financial strain 26,29,30,35,44 19.2
Initiating the road to acceptance 36,37,38 11.5
Having wishes 25,38 7.7

* ref. = reference.
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is wrong and people don’t understand, and so it’s isolating
sometimes” (32).

Theme 3: listening to and obeying the body’s
limitations. Despite attempts to live an ordinary life, patients are
forced to pay attention to their symptoms (e.g., fatigue, pain,
insomnia). In particular, fatigue is experienced both as a bodily sen-
sation and as a combination of emotions: “Fatigue means to me a
lack of energy, exhaustion, tiredness, a lack of focus, which means
you’re not alert, just subdued” (27). The symptoms of the disease
are associatedwith visible signs, such asweight gain, skin manifes-
tations, and alopecia, which can lead to a loss of personal identity:
“I’m so embarrassed about howmy body looks. I’m just not myself
and people who look at me don’t knowwho I really am inside. They
see a sick, bloated woman, and it just makes me feel so discour-
aged” (30). Bodily limitations have been reported to impact on
physical functionality, but also other dimensions, such as career
development, since many patients “have to take time off work…
because they are not feeling well” (39). Family planning may be
affected, because “a third of women with lupus who become preg-
nant have a miscarriage, which is obviously another concern” (41).

Women have been reported to experience a loss of personal
identity, losing the role of daughter, wife, and mother (29) due to
the symptoms; furthermore, the disease limits sexual identity and

the development of an intimate relationship with a partner. Patients
have been documented to be unable to plan their future due to the
uncertainties of their bodies. To face this serious limitation, they
planned or prioritized their everyday life by establishing a strategy
to seize the moment and to be prepared to live each moment of
strength (46): “I follow a regular regime when I come home. After
work, it’s home, then food, followed by a rest. If I have more
energy, then other things come afterwards” (37). However, as
reported in some studies (37,38,47), during the illness trajectory,
patients have been reported to accept their body’s limitations
because they have learned that adapting reality to their own limita-
tions is more effective than continuing to fight the disease.

Theme 4: reviewing my life projects. Patients have
been documented to initiate a process of revision of their life plans
only after receiving the diagnosis of SLE. Studies have reported
that patients experienced a long liminal state marked by a pro-
tracted period of unexplained symptoms while searching for a
diagnosis (28). Receiving the diagnosis “was actually a relief”
(28); patients have been reported to immediately feel freed from
the stigma once given “a legitimate name for all the trouble” (28).

In reviewing their life goals, patients relied on their personal
resources, including mental struggle. They learned how to plan
and prioritize everyday life to be able to complete all daily tasks,
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Figure 2. Living with systemic lupus erythematosus (SLE) as experienced by patients: themes and codes. C = code, T = theme. Color figure can
be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24639/abstract.
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by cultivating spirituality and participating in activities that increase
inner well-being, including yoga and physical and social activities
(30,43,46). Furthermore, patients have been reported to depend
on family, medical and health care professionals, and hospital
support (41).

Medications have been reported to lead to patients experi-
encing mixed feelings. Medications allowed them to feel healthy,
but at the same time, medications may cause a series of side
effects (e.g., weight gain, skin lesions), affecting patients’ body
image. This impact has been expressed as looking in the mirror
and not recognizing the person reflected: “The man in the moon
face. You don’t recognize yourself” (36). Patients reported negoti-
ating their role at work in order to remain employed; such modifi-
cations included working part-time and looking for work closer
to home (47). However, unemployment rates have been reported
to be high, due to the physical limitations and the multiple hospital
visits and admissions (42). Therefore, many patients experienced
financial difficulties due to unemployment and the continuous
increase in expenses to afford adequate care (35).

Theme 5: dealing with future uncertainties. Patients
considered having clear and accurate information from clinicians
important regarding their health, the treatment options, and the
potential side effects of the medications (36). They reported the
desire to be informed and participate in the decisions, manifesting
their capacity to express self-determination over the limitations
imposed by the disease: “It’s no good saying no; you need to
do a blood test. I want to know why the gamma globulins, you
know, why are they high, how is that going to affect me” (41).

Those patients who did not have a positive relationship with
physicians and complained about the lack of information received
also report low medication adherence (38), in part a consequence
of the “horrible side effects” (36,42): “I used to stop medication
from May or June onwards. It was to get slimmer to go to the
beach” (38). Moreover, a lack of understanding about the disease
and medication could result in patients taking greater interest in
alternative therapies or relying on their faith, which may have an
impact on adherence (48).

The complexity of the disease, as experienced by patients,
also affects their wishes. The apathy experienced has been
reported to result in psychological symptoms, including anxiety,
depression, and mood disorders (3,27,30,31,39,40,46); conse-
quently, the capacity to identify long-term wishes is also threat-
ened. They experienced uncertainty about the fulfilment of their
desires: major wishes are maintaining daily activities, minimizing
the medication side effects, preventing future organ damage,
and finding a cure (25). Having support in the case of pregnancy,
which is often complicated by the disease (38,40,41), also
emerged as a major wish.

Patients have been reported to be afraid of not having a voice
in a misinformed society, where some people around them
believe that “I have HIV” (42). Patients called for greater public

awareness of SLE and sought to disseminate accurate informa-
tion to family, friends, and acquaintances (42).

DISCUSSION

Despite the many high-quality qualitative studies that have
been produced on this topic, to the best of our knowledge, this
is the first systematic review providing a meta-summary and a
meta-synthesis of these studies on the experience of patients with
SLE. This review is of particular relevance since improvement in
patient-reported outcomes is becoming a critical goal for new
treatments in rheumatic musculoskeletal diseases, and prioritiza-
tion of the unmet needs in this field may be of value for future
research.

A total of 26 studies were included, suggesting that ample
attention has been given to the subjective experience of these
patients in the last 10 years, mostly in the US, in accordance with
the prevalence of the disease (6). Studies involved a large majority
of adult females with different clinical conditions and different dis-
ease trajectories, ranging from just diagnosed (e.g., 1 year) (40) to
long-lasting disease (45 years) (4). This range suggests that the
findings of this review may reflect the disease experience of the
overall population with SLE well.

Studies involving single patients or patient groups used
different qualitative approaches, although all were based on
open-ended or semistructured interviews (except for the study
by Mendelson [28]). Some were administered more than once
(3,4,25,34,41), thus ensuring the reliability of the data collected
(49). However, a large number of studies did not report the year
of data collection (34,47), which is important in the context of
SLE since novel treatments (e.g., belimumab) have been intro-
duced over the years (50,51). The CASP tool (22) confirmed the
quality of the included studies. Most of the inadequacy is due to
lack of clarity of the information reported, which might be
addressed in the future by using established guidelines in qualita-
tive studies (52).

In terms of intensity, 2 studies (41,43) provided the highest
level and 2 (5,44) the lowest level. Similarities in the findings
reported across studies (3,27) included reporting fatigue and pain
as the most frequent symptoms experienced by patients, affect-
ing body image, functioning, and self-esteem, and impacting
interpersonal, familial, and romantic relationships. These factors
have generated the code “feeling not as I used to.” This code
was also the most frequent across studies, reaching an intensity
of 69.2%, suggesting that future trials on SLE and novel treat-
ments should prioritize the measurement of these aspects. The
most intense codes (≥50%) were “being in a relationship with a
health care professional means being compliant” and “relying on
family carers’ support.” On the other hand, “having wishes” was
the least intense code across studies, reaching an intensity of
7.7%; the unpredictable course of the disease makes patients
with SLE unable to plan their long-term goals, thus imposing the
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need to live life on a daily basis, in the present moment. In other
words, the fact that SLE prevents patients from having wishes is
a double-edged sword, as having wishes should be an option
for all people, but alternatively, living in the moment may be best
for these individuals due to the complexity of living with a chronic
disease such as lupus.

The 5 themes that emerged underline how SLE limits the
quality of life of patients in multiple dimensions, including
socially. Moreover, these themes have been found to interact
with each other, suggesting that SLE is a complex disease to live
with. The first theme, namely, “experiencing waves of emotions
due to the unpredictable nature of the disease,” reflects the
unpredictable course of the disease and the fact that patients
must navigate the variable presence and absence of SLE (4).
Illness uncertainty is a salient issue for many who have been
diagnosed with chronic illnesses, above all rheumatic disease;
for example, patients with fibromyalgia have described uncer-
tainty as a cognitive stressor and a sense of loss of control over
time (53). For these reasons, a useful approach is to teach
patients how to cope better with both the uncertainty and unpre-
dictability of their illness through mindfulness approaches,
focusing on concepts such as acceptance and living in the
moment (54,55). When patients were engaged in different activ-
ities, such as creating something or socializing, they felt that they
“moved into the waves of SLE” and those moments appear to
be vital for their well-being.

The second theme, “trying to live an ordinary life,” which also
contains the code with the highest intensity, “feeling not as I usu-
ally do,” highlights the fact that patients experienced limitations in
everyday life activities, especially due to pain and fatigue (56).
Fatigue is a common clinical symptom, affecting almost all
patients with SLE, while pain is the most common symptom of
rheumatic diseases (57). Psychoeducational, stress reduction,
cognitive behavioral, and antidepressant therapy in patients with
autoimmune disease have been shown to reduce fatigue, psy-
chological distress, and pain (58); these strategies could also be
useful among patients with SLE. Moreover, a self-management
program can help patients to control the physical and emotional
instability associated with SLE, and might help health care profes-
sionals to be more effective in their care (59).

The third theme that emerged, “listening to and obeying the
body’s limitations,” highlights the importance of listening to the
body and distributing energy reserves throughout the day. In this
phase, accepting the illness as a part of their life is essential for
patients. However, some patients preferred to fight the disease
instead of adapting to it, despite no positive advantage to their life.
Helping patients to create a daily activity plan by assigning priori-
ties to each activity and uniformly distributing the most tiring tasks
throughout the day might be useful (60). Preventing exacerba-
tions by providing emotional support and training to both individ-
uals and their families using a holistic approach may also be
fundamental (57).

Through listening to and obeying the body’s limitations, mov-
ing into a new phase, “reviewing my life projects,” is possible. In
this step, patients need to mobilize psychological, physical,
social, and/or material resources (60). The resource perceived
as the most important is the support of the family; for this reason,
“relying on family and professional carers’ support” is the second-
highest intensity code that emerged within this theme. Family
support appeared to offer a sense of security in the context of
an uncertain illness, along with being viewed as unconditional
and always there, although sometimes patients felt misunder-
stood or not believed even by loved ones (41,43). Patients should
be supported in learning how to readjust their life plans by accept-
ing the help of others, discovering personal resources, and adapt-
ing each activity (especially their job) to their health requirements.
Only when patients have reviewed their life goals can they try to
live an ordinary life (theme 2).

The last theme, “dealing with future uncertainties,” contains
3 significant codes. The first, “being in a relationship with a health
care professional means being compliant,” is the second-highest
intensity code and underlines the importance of developing a
physician-patient relationship to maintain adherence to medical
care and consequently a good quality of life. Several studies have
highlighted the importance of a good relationship to promote
adherence to medication and increase self-management
(28,36,38,41,44,48). The higher the quality of the patient-
physician relationship, the better the patient outcomes will be
(61). Nonadherence to treatment, nonattendance of clinics, and
reassurance-seeking were suggested by health care profes-
sionals to have an impact on illness outcomes, health care costs,
and the doctor-patient relationship (41). Often patients felt mis-
trusted by clinicians; for this reason, education, support, and
understanding from the health care team are crucial to ensure that
patient choices are respected (36).

The second code, “having wishes,” was the least intense, as
the unpredictable disease trajectory limits patients’ expression of
long-term desires. Psychological support such as counseling
and psychoeducational interventions have been reported to have
a potential value as adjunctive treatments for SLE (62). The last
code, “having a voice in society,” reported the lowest intensity
(23%). SLE patients feel themselves to be part of an uninformed
population and demand greater public awareness of the nature
of the disease and the problems it causes in everyday life (43).
Family, friends, and employers often do not understand the fluctu-
ating nature of SLE, leading to isolation (63). To prevent loneli-
ness, attention should be given to increasing social support and
awareness (64).

A systematic approach has been used in this study; how-
ever, some studies may have been missed. Moreover, studies
conducted in different countries, with different languages and cul-
tures, have been included. The translation process might have
changed the meaning of the patient experiences, and the influ-
ence of the culture has not been considered.

SLE AND PATIENT EXPERIENCES 1819



Several qualitative studies have been published in this field to
date using good methodologic approaches. According to the
findings, SLE negatively impacts patient experiences by affecting
multiple dimensions of their daily lives, with fatigue and pain being
the most frequent symptoms. In living with SLE, patients are
required to change their life goals and to live in a sort of continu-
ous uncertainty. Understanding in depth the multidimensional
implications of SLE in the short and long term might help health
professionals to tailor their approach in each stage of the disease
trajectory, through an effective relationship. Moreover, including
these aspects in future trials aimed at testing the effectiveness of
novel medications is highly recommended.
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Impact of Belimumab on Organ Damage in Systemic Lupus
Erythematosus

Murray B. Urowitz,1 Cynthia Aranow,2 Yumi Asukai,3 Damon L. Bass,4 Ian N. Bruce,5 Deven Chauhan,3

Maria Dall’Era,6 Richard Furie,7 Norma Lynn Fox,4 Jennifer A. Gilbride,8 Anne Hammer,4 Ellen M. Ginzler,9

Tania Gonzalez-Rivera,4 Roger A. Levy,4 Joan T. Merrill,10 Holly Quasny,11 David A. Roth,4 William Stohl,12

Ronald van Vollenhoven,13 Daniel J. Wallace,14 and Michelle Petri15

Organ damage is a key determinant of poor long-term prognosis and early death in patients with sys-
temic lupus erythematosus (SLE). Prevention of damage is a key treatment goal of the 2019 update of the
European Alliance of Associations for Rheumatology (EULAR) recommendations for SLE management.
Belimumab is a monoclonal antibody that inhibits B lymphocyte stimulator (BLyS) and is the only therapy
approved for both SLE and lupus nephritis. Here, we review the clinical trial and real-world data on the
effects of belimumab on organ damage in adult patients with SLE. Across 4 phase III studies, belimumab
in combination with background SLE therapy demonstrated consistent reductions in key drivers of organ
damage including disease activity, risk of new severe flares, and glucocorticoid exposure compared to
background therapy alone. Long-term belimumab use in SLE also reduced organ damage progression
measured by the Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index, as reported in open-label extension studies, and propensity score–matched comparative
analyses to background therapy alone. Results from a clinical trial showed that in patients with active lupus
nephritis, belimumab treatment improved renal response, reduced the risk of renal-related events, and
impacted features related to kidney damage progression compared to background therapy alone. The
decrease of organ damage accumulation observed with belimumab treatment in SLE, including lupus
nephritis, suggest a disease-modifying effect.

Introduction

Within 10 years, over half of patients diagnosed as having

systemic lupus erythematosus (SLE) develop organ damage

(1), of which 30–50% is reported in the first 5 years (2,3). Dam-

age accumulates over time, affecting multiple organ systems

(1,4,5), resulting in significant morbidity (6–8) and mortality (1).

Cardiovascular, neuropsychiatric, musculoskeletal, and renal

systems are most frequently affected, with steady accumulation

over 10–15 years (5,9,10). Other organs commonly affected

include pulmonary, ocular, skin, and the peripheral vascular

system. Damage in the gastrointestinal system, diabetes melli-

tus, gonadal failure, and malignancies are less frequent

(5,9,10). Organ damage impacts health-related quality of life

(HRQoL) (11), and 10-year cumulative health care costs are up

to 9-fold higher in patients with organ damage than in those with

no damage (4,12).
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Key drivers of organ damage

Factors associated with organ damage include Black African
ancestry or Hispanic race (13,14), older age, male sex, preexisting
organ damage, exposure to glucocorticoids and/or other SLE
therapies, severe flares, persistent disease activity, dyslipidemia,
hypertension, and active/past nephritis (4,13,15). Up to 80% of
organ damage is attributable to glucocorticoid use (16), and a
clear dose-dependent relationship has been observed (17).

Assessing organ damage progression

Prevention of damage is a key treatment goal of the
European Alliance of Associations for Rheumatology (EULAR)
recommendations for SLE and lupus nephritis management
(18,19), highlighting the importance of evaluating the effects of
treatment, not only on disease activity, but also directly on the risk
of organ damage accrual (14). The Systemic Lupus International
Collaborating Clinics (SLICC)/American College of Rheumatology
(ACR) Damage Index (SDI) is a validated measure that assesses
cumulative damage across multiple organs, regardless of cause
(Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24901) (13,14). The SDI defines organ damage as irreversible
tissue injury occurring after SLE diagnosis; to distinguish from dis-
ease activity, most features must persist for ≥6 months, although
some items are scored immediately (e.g., stroke or avascular
necrosis) (4,13,15). The SDI has shown both reliability (20) and
validity (21) in the real world and as an end point in clinical trials
(22–24). The SLICC, Lupus Foundation of America, and ACR are
developing a revised SDI to reflect shifts in the concept of dam-
age. It is intended that the revised SDI will primarily be used as a
research tool in clinical trials (25).

Impact of belimumab on organ damage in SLE

Abundant data are available on belimumab’s efficacy, tolera-
bility, and real-world effectiveness for SLE, including lupus nephri-
tis (26). We conducted a literature search (Supplementary Material,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901)
to identify data on the effects of belimumab in adult patients with
SLE, focusing on end points relevant to organ damage.

Clinical trials of belimumab

Phase 2 open-label extension study. In an open-label
extension of the phase II GSK study LBSL02/LBSL99;
BEL112626; ClinicalTrials.gov identifier: NCT00583362 [27]),
patients with SLE received belimumab for ≤12 years, with a
median duration of exposure of 3,334 days (range 260–
4,332 days) and total belimumab exposure of 2,294 patient-
years. SDI data were not collected prospectively; however,

improvements in drivers of organ damage, including decreased
disease activity (Supplementary Figure 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24901) and reductions in flares and glucocorticoid
exposure, were observed throughout the study. Despite the limi-
tations of an open-label study, these findings suggested potential
benefits of belimumab for organ damage progression.

Phase III randomized controlled trials (RCTs). The
global phase III BLISS-52 (n = 867; GSK study BEL110752;
ClinicalTrials.gov identifier: NCT00424476 [28]), BLISS-76
(n = 819; GSK study BEL110751; ClinicalTrials.gov identifier:
NCT00410384 [29]), BLISS-NEA (n = 677; GSK study
BEL113750; ClinicalTrials.gov identifier: NCT01345253 [30]),
and BLISS-SC (n = 836; GSK study BEL112341;
ClinicalTrials.gov identifier: NCT01484496 [31]) RCTs investi-
gated the effects of intravenous (IV) or subcutaneous
(SC) belimumab added to background therapy in adults with
SLE. Across all 4 studies, statistically significant reductions in Sys-
temic Lupus Erythematosus Responder Index 4 (SRI-4) scores
were observed with belimumab versus background therapy alone
(Figure 1). This was accompanied by decreased risks of severe
flares in all but the BLISS-76 study. There were also trends toward
reduced glucocorticoid use, reaching statistical significance in the
BLISS-NEA trial. The glucocorticoid-sparing properties of belimu-
mab were confirmed in a post hoc pooled analysis combining
BLISS-52 and BLISS-76 data, which found that belimumab treat-
ment was associated with fewer glucocorticoid dose increases
and more dose decreases versus background therapy alone (32).

The EMBRACE phase III/IV study (GSK study BEL115471;
ClinicalTrials.gov identifier: NCT1632241 [33]), a post-approval
commitment RCT in patients of Black African ancestry with SLE
(n = 503), demonstrated similar trends in disease activity with beli-
mumab versus placebo as the 4 above-mentioned trials
(Figure 1). Although the primary end point of a modified SRI-4
score was not met, significant improvements with belimumab ver-
sus placebo were observed in patients with high disease activity.

Phase III long-term, open-label extension studies.
Several long-term open-label extension studies of the belimumab
RCTs have been conducted, which included evaluation of organ
damage progression. All participants received belimumab added to
background therapy irrespective of the assigned treatment in the
52-week, double-blind phase of the original studies.

The multicenter, long-term extension studies BEL112233
(ClinicalTrials.gov identifier: NCT00724867 [22,34]) and BEL112234
(ClinicalTrials.gov identifier: NCT00712933 [23,35]), which were
pooled in study GSK201223 (34,36,37), enabled patients from the
BLISS-52 and BLISS-76 studies to continue receiving open-label IV
belimumab plus background therapy over 8 years of follow-up. Organ
damage was evaluated every 48 weeks using the SDI. At year
7, 69.8% (88 of 126) and 86.9% (185 of 213) of patients receiving
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long-term IV belimumab treatment had no changes (index of <1) in
SDI scores (mean ± SD change of 0.4 ± 0.68 and 0.2 ± 0.45 from
baseline SDI scores of 1.2 ± 1.51 and 0.6 ± 1.02) (Supplementary
Figure 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24901) (22,23,34,35).
Similarly, among patients with high disease activity (anti–double-
stranded DNA positivity [≥30 IU/ml] and either low C3 [<0.9 gm/
liter] or C4 [<0.16 gm/liter] levels) at baseline receiving long-term
treatment with IV belimumab, 75.5% (n = 37 of 49) and 86.4%
(n = 89 of 103) had no changes in SDI scores by year 7 (mean
± SD change 0.3 ± 0.54 and 0.2 ± 0.41 from the baseline index
scores of 0.7 ± 1.26 and 0.6 ± 0.95) (Supplementary Figure 2)
(22,23,34,35). Values were similar for year 8, but with fewer
patients (22,23,34,35).

GSK201223, a pooled interim analysis of the BEL112233
and BEL112234 studies from 5 to 6 years follow-up, allowed
insight across a wider data sample. At years 5–6, 85.1% of
patients (n = 343 of 403) receiving belimumab had no change
in SDI score compared to baseline (Figure 2A and Supplemen-
tary Table 2, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901) (34).
Patients without organ damage at baseline were more likely to
remain free of organ damage progression than those with organ
damage at baseline (Figure 2B) (36). The effect of IV belimumab
on organ damage was similar among patients at years 5–6,
irrespective of differences in baseline disease activity, proteinuria
status (Figures 2C and D), background medication or presence
of high disease activity at baseline (Supplementary Figures 3A
and B, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24901) (34,36).

Study BEL114333 (ClinicalTrials.gov identifier: NCT01597622)
was carried out in Japanese and South Korean populations (24)
and is a 7-year open-label study of IV belimumab in 142 Japanese
and South Korean patients with SLE, recruited from BLISS-NEA
(BEL113750) and BLISS-SC (BEL112341; patients in Japan only).

Over 7 years, there was little change in SDI score from baseline; ≤4
patients from BEL113750 and ≤2 patients from BEL112341 had
organ damage that had worsened (change of >0) compared to
baseline (Supplementary Table 2).

Real-world evidence of belimumab

Effect of belimumab versus background therapy on
organ damage outcomes in SLE (study 206347). To over-
come some of the limitations of clinical and open-label extension
studies, propensity score matching (described in the Supple-
mentary Materials, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901)
was used to evaluate the impact of belimumab versus back-
ground therapy on organ damage. Study 206347 was a post
hoc 5-year longitudinal analysis that compared organ damage
outcomes in a cohort of patients receiving belimumab therapy in
the BEL112233 study to a separate cohort of patients who
had SLE treated with background therapy only (The Toronto
Lupus Cohort [TLC]), using propensity score matching (Supple-
mentary Figure 4, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901). Of
567 patients (belimumab cohort [n = 195] and TLC [n = 372]),
99 from each cohort were propensity score–matched at a ratio
of 1:1 in this analysis. Over the 5-year period, patients receiving
belimumab plus background therapy had a smaller change in
SDI score than those receiving background therapy only, with an
SDI score of –0.434 (95% confidence interval [95% CI] −0.667,
−0.201; P < 0.001). Of the patients with an SDI score increase of
≥1, those treated with belimumab had a 5-fold lower likelihood of
experiencing a ≥2-point increase in SDI score (6.1% [2 of 33]) than
those treated with background therapy only (30.6% [22 of 72];
P = 0.006). Belimumab treatment was also associated with a
61% reduction in the risk of progressing to a higher SDI score over
any given year of follow-up compared to background therapy

Figure 1. Systemic Lupus Erythematosus Responder Index 4 (SRI-4) response at 52 weeks in the belimumab systemic lupus erythematosus
(SLE) randomized controlled trials (28–31,33,44–47). The EMBRACE study (asterisk) used the SRI–SLE Disease Activity Index 2000 response,
which has modified proteinuria scoring. 95% CI = 95% confidence interval; IV = intravenous; OR = odds ratio; SC = subcutaneous.
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(Figure 3), with a hazard ratio (HR) of 0.391 (95% CI 0.253, 0.605;
P < 0.001) (38).

Another post hoc longitudinal analysis of 5-year data from
study BEL112234, which enrolled US and non-US patients
(592 subjects from the belimumab cohort and 381 subjects from
the TLC study, with 181 subjects selected from each cohort after
propensity score matching using the same covariates as study
206347), replicated the above findings, with a difference in
5-year SDI score change of −0.453 (95% CI −0.646, −0.260;
P < 0.001) and a 60% risk reduction of progressing to a higher
SDI score over any given year of follow-up for belimumab plus
background therapy versus background therapy alone
(HR 0.397 [95% CI 0.275, 0.572]; P < 0.001) (39).

BeRLiSS: a real-world cohort study of Italy (40).
BeRLiSS was a retrospective study of 466 patients with active SLE
who received IV belimumab plus background therapy (median
follow-up of 18 months [range 1–60 months]). SDI score was
assessed yearly, and 309 patients had available organ damage data.
Across 7,983 person-months, ~90% of belimumab-receiving
patients remained free of new organ damage events, with 36 new

events observed in 29 patients (9.4%) and a rate of 0.54 events per
10 person-years. Patients without baseline organ damage (SDI
score of 0) remained free of damage progression for up to 3 years
after belimumab initiation, with mean ± SD SDI scores of 0.02
± 0.14 (P = 0.083), 0.05 ± 0.28 (P = 0.182), and 0.10 ± 0.38
(P = 0.103) versus baseline for years 1, 2, and 3, respectively. In a
multivariate model, following belimumab treatment, achievement of
low disease activity for ≥50% of the follow-up period was associated
with significantly less organ damage (odds ratio 0.442 [95% CI
0.199, 0.983]; P = 0.045), while baseline organ damage (SDI score
of≥1)was an independent predictor of further damage accumulation
(odds ratio 3.22 [95% CI 1.25, 8.33]; P = 0.016). Patients treated
with belimumab who were in remission for ≥25% of follow-up or
had low disease activity for ≥50% of follow-up had less damage
accumulation than those who did not achieve either outcome (40).

Impact of belimumab on organ damage in lupus
nephritis

The BLISS-LN study (GSK study BEL114054; ClinicalTrials.
gov identifier: NCT01639339) was a phase III RCT that evaluated

Figure 2. Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index (SDI) response in patients
receiving intravenous belimumab therapy from a pooled interim analysis of BLISS-52 and BLISS-76 long-term extension studies (BEL112233
and BEL112234), overall at study years 5–6 (A), and stratified by baseline SDI score (B), disease activity at study years 5–6 (C), and proteinuria sta-
tus at study years 5–6 (D) (34,36,37). SELENA–SLEDAI = Safety of Estrogens in Lupus Erythematosus National Assessment–SLE Disease Activity
Index. Panel (B) reproduced, with permission, from ref. 36.
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the efficacy and safety of IV belimumab versus placebo, both
added to background induction and maintenance therapy, on
renal outcomes for up to 104 weeks in patients with active lupus
nephritis (n = 448). Belimumab reduced the risk of a renal-related
event or death by ~50% compared to placebo (41).

In a post hoc analysis of the BLISS-LN study, therapy with
belimumab reduced the risk of a 30% decline (HR 0.47 [95% CI
0.27, 0.83]) or 40% decline (HR 0.35 [95% CI 0.17, 0.74]) in esti-
mated glomerular filtration rate (eGFR) and also reduced the risk
of a lupus nephritis flare from week 24 by 55% (HR 0.45 [95% CI
0.28, 0.72]) compared to placebo (42).

Conclusions

Organ damage was assessed using the SDI in patients with
SLE across the 5 phase III RCTs—BLISS-52 (28), BLISS-76
(29), BLISS-NEA (30), BLISS-SC (31), and EMBRACE (33)—with
no difference between treatment groups (Supplementary
Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24901). However,
clinical trials of 1 year are too short to detect changes in the SDI,
and therefore, longer studies are necessary. Nevertheless, as with
the LBSL02/LBSL99 study, the BLISS RCTs demonstrated
improvements from baseline to week 52 in known drivers of organ
damage in patients with SLE. The level of damage progression
was lower in the phase III long-term, open-label extension studies
(studies BEL112233 [22,34] and BEL112234 [23,35]) than
expected from observational cohorts; this could, in part, be

explained by different baseline disease characteristics such as
nephritis or central nervous system disease (36).

Limitations of open-label extension studies include the
absence of a control group and patient selection bias. Random-
ized, double-blind, placebo-controlled studies over a sufficiently
long period (≥5 years of follow-up) would be the gold standard
for directly assessing the effects of an SLE therapy on organ dam-
age progression via the SDI. However, such studies pose signifi-
cant ethical challenges (long-term exposure to placebo
treatment) and feasibility challenges (maintaining patient participa-
tion enrolled in long-term trials). Long-term comparison studies
are feasible using propensity score matching, which is a valid
and established methodology. Propensity score matching studies
showed that use of belimumab was associated with a smaller
increase in SDI over 5 years compared to background therapy
alone, supporting the beneficial effect of belimumab therapy on
organ damage progression in patients with SLE (38,39).

For assessment of organ damage, eGFR (one component of
the BLISS-LN composite primary end point [primary efficacy renal
response]) has been reported as an acceptable surrogate end
point for kidney disease progression by European and US regula-
tory authorities. Specifically, a decline of >30% in eGFR or a
reduction in eGFR slope of 0.5–1.0 ml/minute/1.73 m2 over a total
of 2–3 years are recommended thresholds for defining chronic
kidney disease progression in phase III RCTs of SLE/lupus nephri-
tis (43). The reduction in risk of a renal-related event and/or death
and renal flare, and less decline in eGFR, with belimumab versus
background therapy alone in the post hoc analysis of BLISS-LN

Figure 3. Post hoc longitudinal propensity score matching comparative analysis of time to organ damage progression. Years are 48 weeks in
length (asterisk). 95% CI = 95% confidence interval; KM = Kaplan-Meier curve; SoC = standard of care. Reproduced, with permission, from ref. 38.
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study suggests beneficial effects of belimumab on organ damage
progression in patients with active lupus nephritis.

Accumulated data from a range of studies demonstrate that
belimumab reduces key drivers of organ damage including
disease activity, severe flares, and glucocorticoid exposure. Long-
term open-label extension and propensity score matching analysis
studies of patients with SLE treated with belimumab have demon-
strated decreased organ damage progression using the SDI. In
patients with active lupus nephritis, a decrease in renal-related
events and less decline in eGFR was seen with belimumab treat-
ment versus background therapy alone. These observed impacts
of belimumab on organ damage imply a disease-modifying effect
on SLE, including lupus nephritis, suggesting potential benefits of
belimumab treatment earlier in the disease course.
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B R I E F R E P O R T

Kidney Transplantation and Cardiovascular Events Among
Patients With End-Stage Renal Disease Due to Lupus
Nephritis: A Nationwide Cohort Study

April Jorge,1 Xiaoqing Fu,1 Claire Cook,1 Na Lu,2 Yuqing Zhang,1 Hyon K. Choi,1 and Zachary S. Wallace1

Objective. To assess the potential impact of kidney transplantation on cardiovascular (CV) events among patients
with end-stage renal disease (ESRD) due to lupus nephritis (LN).

Methods. In a nationwide cohort study, we identified all patients with LN-ESRD enrolled in the US Renal Data
System who were waitlisted for a kidney transplant and enrolled in Medicare between January, 2000 and December,
2016. The primary outcome was incident CV events, including myocardial infarction (MI) and ischemic cerebrovascular
accident (CVA). We used time-dependent Cox regression to estimate the hazard ratios (HRs) of these outcomes asso-
ciated with kidney transplant as a time-varying exposure, adjusting for sex, age, race, ethnicity, geographic region, year
of ESRD onset, first ESRD treatment modality (e.g., hemodialysis or peritoneal dialysis), Charlson Comorbidity Index
score, and history of prior organ transplants.

Results. Of 5,963 waitlisted patients with LN-ESRD, 3,209 (54%) had a kidney transplant during the study period.
The majority were female (82%), and African American patients represented 48% of waitlisted patients and 43% of
transplanted patients. Kidney transplantation was associated with a lower risk of incident CV events (adjusted HR
0.31 [95% confidence interval (95% CI) 0.18–0.53]) as well as lower risks of MI and CVA (adjusted HRs 0.13 [95% CI
0.08–0.34] and 0.30 [95% CI 0.16–0.54], respectively).

Conclusion. Kidney transplantation was associated with a reduced risk of CV events, including MI and CVA, in
patients with LN-ESRD. Our findings highlight the importance of identifying barriers to transplantation in this
population, as improved access could reduce CV morbidity.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoim-

mune disease that disproportionately affects women and African

American patients. A major complication of SLE for those with

lupus nephritis (LN) is progression to end-stage renal disease

(ESRD). Up to 50% of patients with lupus will develop LN, and

20% of those patients will go on to develop ESRD (1). Both SLE

and ESRD are associated with increased risks of cardiovascular

(CV) events, which is a major cause of morbidity and mortality. In

fact, after accounting for their younger age and predominately

female sex, patients with LN-ESRD have a higher risk of CV

events, including myocardial infarction (MI) and ischemic cerebro-

vascular accidents (CVA), than those with other causes of ESRD,

with the exception of diabetes mellitus (2).
Patients with LN-ESRD who receive a kidney transplant have

a lower risk of all-cause mortality and CV-specific mortality than

those who remain on the transplant waitlist (3). However, the

potential impact of kidney transplantation on the risk of athero-

sclerotic CV events, including acute MI and ischemic stroke, in

patients with LN-ESRD is unknown. In this study, we sought to

assess the potential impact of kidney transplantation on nonfatal
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and fatal CV events in a nationwide study of patients with

LN-ESRD in the US.

PATIENTS AND METHODS

Data source and study population. The primary data
source was the US Renal Data System (USRDS), a national data-
base of nearly all patients with ESRD in the US (4). We identified all
patients with LN-ESRD who were enrolled in the USRDS from
2000 to 2016. The cause of ESRD is recorded by International
Classification of Diseases, Ninth Revision (ICD-9) codes, accord-
ing to the Centers for Medicare and Medicaid Services (CMS)
Medical Evidence Report form (CMS-2728). The accuracy of the
LN-ESRD diagnosis (ICD-9: 710.0) in the USRDS has been previ-
ously validated, with a positive predictive value of 93% (5). We
additionally required Medicare enrollment because we assessed
time-varying covariates and outcomes from linked Medicare
claims. We included patients who were waitlisted for a kidney
transplant, excluding those who preemptively had a transplant
before receiving dialysis. We restricted our study population to
those who were waitlisted to limit the potential bias of confound-
ing by indication, since waitlisted patients are known to have
fewer comorbidities and greater socioeconomic status than
patients with ESRD who are not waitlisted for transplant (3).

The data reported here have been supplied by the USRDS.
The interpretation and reporting of these data are the responsibil-
ity of the authors and should not be seen as the official policy or
interpretation of the US government. This study was exempted
by the Partners HealthCare Institutional Review Board.

Exposure. The exposure of interest was the first kidney
transplant. We further characterized this exposure according to
donor type, including deceased-donor and living-donor kidney
transplants.

Assessment of covariates. From the USRDS, we
obtained data on demographic characteristics, body mass index,

Organ Procurement and Transplantation Network (OPTN) region,
dialysis treatment modality (e.g., hemodialysis or peritoneal dialy-
sis), comorbidities at ESRD onset, and dates of ESRD onset,
waitlist entry, transplantation, and death. We additionally cap-
tured relevant time-varying comorbidities, including prior history
of CVA or MI, from linked Medicare Part A and Part B claims and
calculated Charlson Comorbidity Index (CCI) scores.

Outcomes. The outcomes of interest were nonfatal and
fatal CV events, including MI and CVA. CVA included ischemic
stroke and transient ischemic attack. These outcomes were
captured from Medicare-linked hospitalization claims, using
previously validated ICD-9 codes (e.g., primary or secondary dis-
charge diagnosis code for MI or CVA) (6,7). Fatal MI and fatal CVA
were additionally captured from the USRDS when listed as the
primary cause of death on the CMS ESRD Death Notification
Form (CMS-2746). We additionally analyzed MI and CVA
separately as secondary outcomes.

Statistical analysis. Primary analysis. We determined the
cumulative incidence rates of CV events per 1,000 person-years
and 95% confidence intervals (95% CIs). Follow-up began at the
time of waitlist entry and ended at either death, the end of the
study period, the end of Medicare enrollment, or 3 years after
the index date. We ended follow-up at 3 years because individ-
uals who undergo kidney transplants will no longer automatically
qualify for Medicare at 3 years following the transplant date. We
assessed transplantation as a time-varying exposure. Thus, we
allocated time on the waitlist prior to the date of receiving a kidney
transplant to the not-transplanted group to avoid immortal time
bias, and we allocated time following the date of receiving a kid-
ney transplant to the transplanted group. We used time-varying
Cox proportional hazards models and accounted for the compet-
ing risk of death using methods described by Fine and Gray (8).
Multivariable models adjusted for sex, age, race, ethnicity, the
year of ESRD onset, first ESRD treatment modality, comorbidity
score, OPTN region, and history of prior organ transplantation.

We conducted subgroup analyses stratified by age, sex, race,
and donor type. The USRDS does not permit reporting of cells with
<11 individuals to maintain privacy and confidentiality. Due to small
event sizes in some subgroups and secondary outcomes, we do
not report the number of events or incidence rates but only the
resulting hazard ratios (HRs) for these analyses.

Secondary analysis: sequential cohort matching. We addi-
tionally performed a secondary analysis using sequential stratifi-
cation matching. We sequentially matched patients by age, sex,
and time since initiation of dialysis on their transplant date
(e.g., index date) one-to-one with comparators who were active
on the waitlist on that date. We did exact matching, using a caliper
±1 year for age and time since initiation of dialysis. Matched pairs
with the same values of matching variables formed each stratum
(9). Follow-up began at the index date and ended at the earliest

SIGNIFICANCE & INNOVATIONS
• This study assessed the potential impact of kidney

transplantation on nonfatal and fatal cardiovascu-
lar events in a nationwide study of patients with
end-stage renal disease caused by lupus nephritis
(LN-ESRD) in the US.

• Kidney transplantation was associated with a lower
risk of incident cardiovascular events, including
lower risks of myocardial infarction and ischemic
stroke.

• Improving access to kidney transplantation for
patients with LN-ESRD could significantly reduce
cardiovascular morbidity in this population.
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point of death, the end of the study period, the end of Medicare
enrollment, or 3 years following the index date. Patients in the
control group were censored upon receiving a kidney transplant
and would then be matched and begin follow-up time in the trans-
planted group. We determined CV event rates in the groups that
did and did not have transplants, accounting for competing risk
of death, and calculated HRs using a stratified Cox proportional
hazards model. We additionally adjusted for race, ethnicity, time
on the waitlist, first ESRD treatment modality, CCI score, OPTN
region, and history of prior organ transplant.

We calculated E-values in a sensitivity analysis to assess the
potential effect of unmeasured confounders. All P values were
2-sided, with a significance threshold of less than 0.05. Statistical
analyses were performed using SAS software, version 9.4.

RESULTS

Patient characteristics. There were 16,807 patients with
incident LN-ESRD during the study period, including 5,963
patients (35%) who were waitlisted for a kidney transplant.

Of these, 3,209 (54%) received a kidney transplant (Table 1).
The majority (82%) were female. The largest racial group was
African American patients, representing 48% of waitlisted patients
and 43% of transplanted patients. Other characteristics were
similar between the waitlisted and transplanted groups, including
ethnicity (23% Hispanic) and CCI (mean score 4.4). The majority
of patients who had a transplant received a deceased donor
transplant (62%).

CV events. During study follow-up, there were 119 incident
CV events over 20,900 person-years. This list included 19 CV
events that occurred after receiving a transplant, with an inci-
dence rate of 2.1 (95% CI 1.2–3.0) per 1,000 person-years, and
100 CV events in patients who had not yet received a transplant,
with an incidence rate of 8.4 (95% CI 6.8–10.1) per 1,000
person-years. The corresponding unadjusted HR was 0.31
(95% CI 0.19–0.51) (Table 2). In the fully-adjusted model, kidney
transplant was associated with a 69% reduction in the risk of CV
events (adjusted HR 0.31 [95% CI 0.18–0.53]).

Table 1. Baseline characteristics of subjects with end-stage renal disease (ESRD) due to lupus nephritis*

Characteristic LN-ESRD All waitlisted Transplanted

No. 16,807 5,963 3,209
Age at ESRD, years
<30 4,999 (30) 2,107 (35) 1,249 (39)
30–39 3,798 (23) 1,579 (26) 826 (26)
40–49 3,491 (21) 1,258 (21) 667 (21)
≥50 4,519 (27) 1,019 (17) 467 (15)

Female 13,726 (82) 4,888 (82) 2,617 (82)
Body mass index, mean kg/m2 26.8 26.3 25.8
Race
African American 7,853 (47) 2,938 (48) 1,395 (43)
White 6,810 (41) 2,361 (40) 1,413 (44)
Asian 1,102 (7) 416 (7) 208 (6)
Other 1,042 (6) 347 (6) 193 (6)

Hispanic 3,194 (19) 1,344 (23) 2,473 (23)
OPTN region (states)
1. CT, ME, MA, NH, RI, Eastern VT 466 (3) 163 (3) 77 (2)
2. DE, DC, MD, NJ, PA, WV, Northern VA 1,588 (10) 589 (10) 337 (11)
3. AL, AR, FL, GA, LA, MS 3,402 (20) 1,44 (19) 561 (17)
4. OK, TX 1,744 (10) 659 (11) 367 (11)
5. AZ, CA, NV, NM, UT 2,662 (16) 1,029 (17) 519 (16)
6. AK, HI, ID, MT, OR, WA 482 (3) 151 (3) 90 (3)
7. IL, MN, ND, SD, WI 1,231 (7) 416 (7) 242 (8)
8. CO, IA, KA, MO, NE, WY 705 (4) 249 (4) 170 (5)
9. NY, Western VT 1,191 (7) 492 (8) 263 (8)
10. IN, MI, OH 1,302 (8) 402 (7) 217 (7)
11. KY, NC, SC, TN, VA 1,993 (12) 662 (11) 362 (11)

Prior organ transplant <1 31 (<1) <1
Prior coronary artery disease or ischemic stroke 1,315 (8) 312 (5) 149 (5)
Charlson Comorbidity Index, mean ± SD† 4.2 ± 3.5 4.4 ± 3.2 4.4 ± 3.0
Tobacco use 696 (4) 160 (3) 86 (3)
First modality
Hemodialysis 14,266 (85) 4,990 (84) 2,665 (83)
Peritoneal dialysis 1,935 (12) 973 (16) 544 (17)

* Values are the number (%) unless indicated otherwise. LN = lupus nephritis; OPTN = Organ Procurement and
Transplantation Network.
† At the time of ESRD onset, waitlisting, or transplantation, respectively.
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In subgroup analyses, we observed a similarly reduced risk of
CV events associated with kidney transplant among those
age <40 years and those age ≥40 years (adjusted HRs 0.27
[95% CI 0.13–0.56] and 0.37 [95% CI 0.17–0.78], respectively)
and among patients with living donor transplants and deceased
donor transplants (adjusted HRs 0.21 [95% CI 0.09–0.51] and
0.24 [95% CI 0.13–0.45], respectively) (Table 2). Kidney transplan-
tation was associated with a reduced risk of CV events for female
patients (adjusted HR 0.28 [95% CI 0.15–0.52]). When stratified
by race, kidney transplant was associated with a lower risk of CV
events among White patients (adjusted HR 0.12 [95% CI 0.04–
0.32]); a similar trend was observed among African American
patients, but this association was attenuated and did not achieve
statistical significance (adjusted HR 0.59 [95% 0.31–1.13]).

When the outcomes of MI and CVA were analyzed sepa-
rately, there were 25 incident MIs and 129 incident CVAs
(Table 3). In the fully-adjusted model, kidney transplant was asso-
ciated with an 87% reduction in the risk of MI (adjusted HR 0.13
[95% CI 0.08–0.34]) and a 70% reduction in the risk of CVA
(adjusted HR 0.30 [95% CI 0.16–0.54]).

Secondary analysis with sequential cohort matching.
In the secondary analysis, 1,262 patients who had a transplant
were matched with 1,262 comparators. These groups were
well-balanced by age, sex, and time since initiation of dialysis
(see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24725). Over an average of 2.8 years of follow-up, there were
41 incident CV events. Kidney transplant was associated with an
unadjusted HR of 0.28 (95% CI 0.13–0.58) and fully adjusted
HR of 0.31 (95% CI 0.14–0.65) for CV events.

Sensitivity analysis. In assessing the robustness of the
association to unmeasured confounding, we determined that the
observed HR of 0.31 for CV events associated with kidney trans-
plantation in the primary analysis could be explained away by an
unmeasured confounder that was associated with both the expo-
sure (kidney transplant) and the outcome (CV events) by an HR of
at least 5.91, above and beyond the measured confounders. The
corresponding CI could be moved to include the null by an

Table 2. Cardiovascular events according to transplant status among patients with ESRD due to lupus nephritis*

Follow-up,
person-years Events, no.

Incidence rate
(95% CI)†

Unadjusted HR
(95% CI)

Fully adjusted HR
(95% CI)‡

Overall 20,900 119 5.7 (4.7–6.7) – –

Transplanted 9,054 19 2.1 (1.2–3.0) 0.31 (0.19–0.51) 0.31 (0.18–0.53)
Not transplanted 11,846 100 8.4 (6.8–10.1) 1.0 1.0

Age at ESRD onset
<40 years 13,244 60 4.5 (3.4–5.7) – –

Transplanted – – 1.5 (0.5–2.5) 0.27 (0.13–0.54) 0.27 (0.13–0.56)
Not transplanted – – 7.0 (5.1–8.9) 1.0 1.0

≥40 years 7,683 59 7.7 (5.7–9.6) – –

Transplanted – – 3.2 (1.2–5.1) 0.38 (0.19–0.76) 0.37 (0.17–0.78)
Not transplanted – – 10.8 (7.8–13.8) 1.0 1.0

Female 17,139 93 5.4 (4.3–6.5) – –

Transplanted 7,400 13 1.8 (0.8–2.7) 0.27 (0.15–0.48) 0.28 (0.15–0.52)
Not transplanted 9,739 80 8.2 (6.4–10.0) 1.0 1.0

Race/ethnicity
African American 10,255 63 6.1 (4.6–7.7) – –

Transplanted 4,020 14 3.5 (1.7–5.3) 0.57 (0.31–1.05) 0.59 (0.31–1.13)
Not transplanted 6,235 49 7.9 (5.7–10.1) 1.0 1.0

White 8,503 48 5.6 (4.0–7.2) – –

Transplanted – – 1.0 (0.0–1.9) 0.12 (0.04–0.33) 0.12 (0.04–0.32)
Not transplanted – – 10.0 (7.0–12.9) 1.0 1.0

Donor type
Living donor 11,346 100 8.8 (7.1–10.5) – –

Transplanted – – 2.0 (0.5–3.5) 0.21 (0.09–0.45) 0.21 (0.09–0.51)
Not transplanted – – 11.8 (9.4–14.2) 1.0 1.0

Deceased donor 16,223 110 6.8 (5.5–8.0) – –

Transplanted 5,597 12 2.1 (0.9–3.4) 0.29 (0.16–0.52) 0.24 (0.13–0.45)
Not transplanted 10,625 98 9.2 (7.4–11.0) 1.0 1.0

* 95% CI = 95% confidence interval; HR = hazard ratio; ESRD = end-stage renal disease.
† Per 1,000 person-years.
‡ Adjusted for sex, age, race, ethnicity, ESRD-onset year, first ESRD treatment modality, comorbidity score, Organ
Procurement and Transplantation Network region, and history of prior organ transplant. Follow-up for the not-
transplanted group begins at the time of initial waitlisting for kidney transplantation and ends at death, censoring
at the time of kidney transplantation, 3 years after the index date, or the end of the study period (December 31,
2015). Follow-up for the transplanted group begins at the time of kidney transplantation and ends at death, 3 years
after the index date, or the end of the study period (December 31, 2015). Person-years and event counts were sup-
pressed to protect privacy and confidentiality and as restricted by the data use agreement for <10 events.
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unmeasured confounder that was associated with both
transplant and all-cause mortality by an HR of at least 3.18.

DISCUSSION

In this nationwide cohort study of patients with LN-ESRD
waitlisted for a kidney transplant, we found a substantial 69%
reduction in the risk of CV events associated with kidney trans-
plantation. This benefit was seen for the risks of MI and CVA when
analyzed separately and for combined CV events. Given the asso-
ciation of both SLE and ESRD with an independently increased
risk of CV events, this finding is particularly relevant to the popula-
tion of patients at risk for or living with LN-ESRD.

We observed similar results using 2 different analytic
approaches, increasing the robustness of our findings. Our primary
analysis using a Cox model with the time-varying exposure of first
kidney transplant included all waitlisted patients with LN-ESRD
and avoided immortal time bias by accounting for time spent prior
to receiving a kidney transplant in the waitlisted/not-transplanted
arm. Our secondary analysis used sequential cohort matching to
directly compare the outcomes for patients with LN-ESRD, starting
from the time of receiving a kidney transplant with matched
patients who remained waitlisted. Patients were matched by dura-
tion of time on dialysis since this is known to be a major risk factor
for CVD. This secondary analysis included a smaller sample of all
waitlisted LN-ESRD patients, because not all patients could be
matched, but yielded similar findings as the primary analysis.

The mechanisms of CV risk reduction with kidney transplanta-
tion among patients with LN-ESRD are likely similar to those in
patients with all-cause ESRD, primarily related to the prevention of
acceleratedprogressionof atherosclerosis,which is known tooccur
with the alternative of remaining on dialysis. Longer time on dialysis
has been shown to increaseCV risk in patients with all-cause ESRD
through mechanisms including endothelial dysfunction, dyslipide-
mia, uremia, and inflammation and oxidative stress (10). Transplan-
tation could worsen some CV risk factors through glucocorticoid

use and other immunosuppressants, which may worsen or lead to
incident diabetes mellitus, hypertension, and hyperlipidemia (11).
However, the restoration of renal function and cessation of dialysis
appear to have a net benefit of improvingCV risk.

We observed lower risks of CV events in patients with LN-
ESRD associated with kidney transplant regardless of living or
deceased donor status and for patients older or younger than
40 years. Some of our subgroup analyses were limited by small
sample size, which limited our ability to detect differences
between the transplanted and not-transplanted groups. Consid-
erable reductions in CV risk associated with transplantation were
observed in White patients. However, in the largest racial sub-
group of African American patients, this effect appeared to be
attenuated and did not reach significance. The cause of this
potentially reduced benefit in African American patients is likely
multifactorial. African American patients are known to have a
higher risk of graft failure following kidney transplants, although
this gap is narrowing over time (12). In general, worse outcomes
following kidney transplantation in African American patients have
been attributed to a combination of biologic and socioeconomic
factors, including disparate access to early transplantation.
Another possible factor contributing to our observations is that
African American patients who are waitlisted for transplant may
have lower risks of atherosclerotic events than White patients
who are waitlisted, in contrast with established higher risks of
CVD among African American patients with SLE, and this possi-
bility could reduce the potential observed benefit. Such a paradox
has been previously reported in patients with all-cause ESRD (13).
Further evaluation is warranted to understand the complex inter-
play between race, SLE, ESRD, and CV risk.

Our findings are consistent with prior studies of kidney trans-
plant and CV events in the general ESRD population, but we
assess these associations in a contemporary population with
LN-ESRD. In a study of USMedicare patients who were waitlisted
or received a preemptive transplant between 1995 and 2002,
kidney transplantation was associated with a lower risk of acute

Table 3. Myocardial infarction and ischemic stroke according to transplant status among patients with end-stage
renal disease due to lupus nephritis*

Cardiovascular event
Incident rate
(95% CI)†

Unadjusted HR
(95% CI)

Fully adjusted HR
(95% CI)‡

Myocardial infarction 2.1 (1.3–2.9) – –

Transplanted 1.2 (1.0–1.6) 0.10 (0.05–0.31) 0.13 (0.08–0.34)
Not transplanted 2.0 (1.2–2.8) 1.0 1.0

Ischemic stroke 4.2 (3.3–5.1) – –

Transplanted 1.7 (0.8–2.6) 0.29 (0.16–0.51) 0.30 (0.16–0.54)
Not transplanted 6.0 (4.6–7.4) 1.0 1.0

* 95% CI = 95% confidence interval; HR = hazard ratio.
† Per 1,000 person-years.
‡ Adjusted for sex, age, race, ethnicity, end-stage renal disease (ESRD)–onset year, first ESRD treatment modality,
comorbidity score, Organ Procurement and Transplantation Network region, and history of prior organ transplan-
tation. Follow-up for the not-transplanted group begins at the time of initial waitlisting for kidney transplantation
and ends at death, censoring at the time of kidney transplantation, 3 years after the index date, or the end of the
study period (December 31, 2017). Follow-up for the transplanted group begins at the time of kidney transplanta-
tion and ends at death, 3 years after the index date, or the end of the study period.
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MI (14). A study of patients with ESRD in Scotland found a lower
risk of stroke associated with kidney transplant compared with
hemodialysis or peritoneal dialysis (15). Similarly, a nationwide
study based in Taiwan found a lower risk of stroke in kidney trans-
plant recipients compared with propensity score–matched
patients on dialysis (16). There may be residual confounding by
indication with such comparisons, as sicker patients are less likely
to be considered for transplant. However, our study strengthens
this evidence for the benefit of kidney transplantation in reducing
CV risk by using 2 approaches to minimize potential bias and
adds to the literature by establishing the impact of transplantation
on improving CV risk in a contemporary cohort of patients with
LN-ESRD.

Our study has several strengths and limitations worth noting.
The USRDS captures nearly all patients with ESRD in the US,
and >90% are enrolled in Medicare. Therefore, our study
population is highly generalizable. We used validated definitions
of LN-ESRD and CV endpoints. However, there may be misclas-
sification as can occur with observational data. Due to a relatively
small number of events, we were unable to include all potential CV
risk factors as covariates but instead used the CCI, which is a
composite measure of relevant comorbidities. Additionally, we
lacked information on lupus treatment history prior to enrollment
in the USRDS, and we lacked measures of lupus disease activity.
These factors could potentially impact waitlisting for transplant
and contribute to CV risk. However, our study design using
2 complementary analytic approaches to compare the risk of CV
events associated with kidney transplant and restricting our
comparator group to patients also waitlisted for kidney trans-
plants, along with the reassuring E-value analysis, helped to
minimize potential confounding and substantiate our findings.

In summary, we observed a substantial reduction in the risk
of CV events associated with kidney transplantation in patients
with LN-ESRD. Improved access to kidney transplants for this
patient population could improve CV morbidity and mortality.
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B R I E F R E P O R T

Representation of Skin Colors in Images of Patients
With Lupus

Amaad Rana, Abbey Witt, Heather Jones, Muithi Mwanthi, Jacob Murray, and Lisa Zickuhr

Objective. Lupus presents earlier and more severely among patients with skin of color (SOC), and this population
experiences worse outcomes. Providers rely on medical education materials when developing skills to care for
patients, yet these resources historically underrepresent patients with SOC and marginalize vulnerable populations.
In this study, we investigated if this publication bias extends to images depicting patients with lupus.

Methods. We reviewed published images of patients with lupus from rheumatology, dermatology, and internal
medicine textbooks and medical journals, SOC atlases, online image libraries, UpToDate, and Google Images. We
selected materials published from 2014 to 2019 that were available through our university’s online medical library.
We used the search terms “lupus” and “lupus rash” to identify images. We rated the skin color in each image using
the New Immigrant Survey Skin Color Scale and categorized them as light, medium, or dark. We compared the fre-
quencies of published skin tones with chi-square and odds ratio analyses.

Results. We assessed the skin tone of 1,417 images. The significant majority (56.4%) of the images represented
light skin (χ2 = 490.14, P < 0.001). After SOC atlases, journals were the most inclusive of images depicting dark skin
tones. The specialty of dermatology was most inclusive of medium and darker skin tones.

Conclusion. Published images of lupus underrepresent patients with SOC, which may limit providers’ ability to
deliver care to the patients who are at greatest risk for complications.

INTRODUCTION

Lupus is the autoimmune rheumatic disease most associ-

ated with racial and ethnic disparities (1). People of color with

lupus develop symptoms at a younger age, suffer from more

complications, and have increased mortality compared to White

patients (2,3). Given the impact of lupus on this population, it is

important that health care professionals are trained to recognize

its clinical presentations among patients with skin of color (SOC).
Medical education contributes to the health care disparities

patients of color experience. Within its formal and informal hidden

curricula, education materials underrepresent patients with SOC,

utilize stereotypes, and ultimately can promote the formation of

unconscious biases among learners (4). Formal medical training

develops practitioners’ pattern recognition to accurately diagnose

and manage disease processes, and the images within medical

education resources help form clinical diagnostic reasoning heu-

ristics. The lack of representation of race and sex in medical

resources, such as textbooks, clinical vignettes, and lecture

slides, predisposes practitioners to unconscious biases that favor

the White, male patients most commonly represented in educa-

tional materials and overlook women and patients with SOC (5–8).
Physicians across the country are raising awareness about

this issue, noting that resources often describe findings in White

patients instead of patients of color (5–7). These discoveries have

garnered the attention of medical schools and hospitals, leading

administrators to create task forces to promote bias-free curricula

in recent years (9). Despite these calls to action, equitable repre-

sentation in medical resources appears to lag behind (10).
Dermatologists and rheumatologists have analyzed the

images in their textbooks and journals to discover that the images

overrepresent patients with light skin. However, studies to date

have not performed an in-depth evaluation of images depicting

lupus nor have they included internet search engines as a

resource. In this study, we aimed to determine whether published

images of individuals with lupus represent the spectrum of skin
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tones equally. Secondarily, we evaluated if the representation of

skin tones varied by resource type and specialty type.

MATERIALS AND METHODS

We searched for images of patients with lupus in online text-
books, SOC atlases, medical journals, image libraries (the American
College of Rheumatology [ACR] Image Library and VisualDx),
UpToDate, and Google Images from May 2014 to May 2019
using the terms “lupus” and “lupus rash.” We selected rheuma-
tology, dermatology, and internal medicine textbooks and atlases
that were available electronically through Washington University
School of Medicine’s Bernard Becker Medical Library. For medi-
cal journals, we identified the 5 with the most case reports within
the fields of rheumatology, dermatology, and internal medicine,
because they contained the most images for review. We reviewed
image libraries, UpToDate, and a comprehensive search of
Google Images as published in May 2019. Online image libraries,
such as the ACR Image Library and Visual Dx, are collections of
peer-reviewed images intended to facilitate education and clinical
practice. We included these image libraries in our analysis
because clinicians reference them, learners study from them,
and educators use them for teaching.

We counted multiple images of the same individual once.
Images were excluded if they were not in color, if skin was not visi-
ble, or if they were duplicates. To evaluate skin tone in the images,
we used the New Immigrant Survey Skin Color Scale (NISSCS;
https://nis.princeton.edu/downloads/nis-skin-color-scale.pdf), a
tool developed to assess the skin color of research participants.
We chose the NISSCS over Fitzpatrick Skin Types (FST) because
the latter includes a functionality component of skin’s response to
ultraviolet light, which we could not ascertain from looking at pub-
lished images. The NISSCS shows 10 identical hands with varying
shades of skin color on a scale that ranges from 1 (very light skin
tone) to 10 (very dark skin tone). Wematched the skin tones of indi-
viduals in the images to the scale and, using definitions from prior

studies (5), categorized them as light (1–2), medium (3–5), or dark
(6–10). Each image was scored at least twice, once by an internal
medicine resident, medical student, or rheumatologist (AR, AW,
or LZ, respectively) and then by a board-certified dermatologist
(HJ). In the case of a discrepancy, a second board-certified derma-
tologist (MM) scored the image as a tie-breaker.

We categorized images according to their resource type
and associated specialty. For rheumatology, resources
included online textbooks, medical journals, and the ACR
Image Library. For dermatology, materials consisted of online
textbooks, medical journals, and Visual Dx, while internal
medicine references encompassed online textbooks and
medical journals. We did not assign a specialty to UpToDate
and Google Images, as neither of these resources are spe-
cialty specific. Images from SOC atlases represented a dis-
tinct entity because their purpose to depict SOC is unique
compared to other publications; therefore, we separated
these images from the collection and analyzed them as an
independent resource type.

We compared the distribution of skin tones in published
images to an equal representation of light, medium, and dark
skin tones (1:1:1 ratio) with chi-square goodness-of-fit testing
and odds ratios. We used this ratio for our comparator popula-
tion because medical resources ideally should include all skin
tones equally to prepare practitioners for treating patients of dif-
ferent skin types with the same competence. First, we applied
this process to our collection of images from all resources
except SOC atlases. Second, we analyzed images by resource
type, including SOC atlases. Third, we assessed images
according to the specialties of rheumatology, dermatology,
and internal medicine. We applied the Haldane-Anscombe cor-
rection when categories contained no images. Lastly, we calcu-
lated the Krippendorff’s alpha coefficient to assess interrater
reliability for the ordinal scores (from 1 to 10) and NISSCS
groups (light, medium, dark), setting the acceptable reliability
statistic at >0.8 a priori. Chi-square analyses were computed
using SPSS (IBM), and odds ratios were calculated using Vas-
sar Stats (http://vassarstats.net/odds2x2.html).

RESULTS

We reviewed 119 textbooks, 3 SOC atlases, 15 journals,
2 online image libraries, UpToDate, and 913 Google Images, as
listed in Table 1. Our search produced a total of 2,187 images of
patients with lupus, but 746 were omitted for exclusion criteria.
Of the remaining 1,441 images, 24 images came from SOC
atlases, and 1,417 were found in other resources.

The representation of lupus in light, medium, and dark skin
tones differed significantly among the 1,417 images that came
from all resources except SOC atlases (χ2(2) = 490.14,
P < 0.0001). The majority of images represented light skin tones
(56.4%), whereas only 8.5% showed dark skin tones (Table 2).

SIGNIFICANCE & INNOVATIONS
• Patients with skin of color (SOC) and lupus present

earlier and develop more complications, yet they
are underrepresented among images published in
medical resources and online search engines.

• This disparity exists within the fields of rheumatol-
ogy, dermatology, and internal medicine and is
most pronounced among images obtained from
an internet search engine.

• Underrepresentation of patients with SOC can con-
tribute to unconscious bias and disparate health
outcomes when providers treat patients with lupus
and darker skin tones.
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Table 1. List of resources reviewed with number of images meeting criteria for review*

Resource type Resource reference
Images meeting

criteria, no.

Textbooks†
Rheumatology Advanced handbook of systemic lupus erythematosus. Springer International Publishing, 2018. 3

Dubois’ lupus erythematosus and related syndromes, 9th ed. Elsevier, 2019. 25
Illustrated handbook of rheumatic and musculoskeletal diseases, 1st ed. Springer, 2019. 45
Kelley and Firestein’s textbook of rheumatology, 10th ed. Elsevier, 2016. 5
Pediatric rheumatology: a clinical viewpoint. Springer Singapore, 2017. 10
Rheumatology in questions. Springer International Publishing, 2018. 7
Rheumatology, Hochberg, 7th ed. Elsevier, 2019. 6
Skin manifestations in rheumatic disease. Springer New York, 2014. 9
Systemic lupus erythematosus: basic, applied, and clinical aspects. Elsevier/Academic Press, 2016. 10

Dermatology ABC of dermatology, 6th ed. John Wiley & Sons, 2014. 6
Absolute dermatology review mastering clinical conditions on the dermatology recertification exam.
Springer International Publishing, 2016.

18

Andrews’ diseases of the skin, 12th ed. Elsevier, 2015. 11
Andrews’ diseases of the skin: Clinical Atlas. Elsevier, 2018. 39
Case-based inpatient pediatric dermatology. Springer, 2016. 3
Clinical dermatology, 5th ed. John Wiley & Sons, 2015. 2
Clinical dermatology: a color guide to diagnosis and therapy, 6th ed. Elsevier, 2016. 15
Dermatological signs of systemic disease, 5th ed. Elsevier, 2016. 19
Dermatology essentials, Bolognia. Saunders, 2014. 4
Dermatology for advanced practice clinicians. Wolters Kluwer/Lippincott Williams & Wilkins Health,
2015.

8

Dermatology in public health environments a comprehensive textbook. Springer International
Publishing, 2018.

5

Dermatology secrets plus, 5th ed. Elsevier, 2016. 6
Dermatology, Bolognia, 4th ed. Saunders, 2018. 24
Dermatology: An illustrated colour text, 6th ed. Churchill Livingstone/Elsevier, 2017. 2
Dermatology: illustrated clinical cases. CRC Press, 2016. 1
Dermatology: illustrated study guide and comprehensive board review, 2nd ed. Springer
International Publishing, 2017.

7

Evidence-based dermatology, 3rd ed. John Wiley & Sons, 2014. 1
Ferri’s fast facts in dermatology: a practical guide to skin diseases and disorders, 2nd ed. Elsevier,
2019.

4

Fitzpatrick’s color atlas and synopsis of clinical dermatology, 8th ed. McGraw-Hill Education, 2017. 9
Hurwitz clinical pediatric dermatology: a textbook of skin disorders of childhood and adolescence,
5th ed. Elsevier, 2016.

16

Inpatient dermatology, 1st ed. Springer International Publishing, 2018. 9
Lecture notes. Dermatology, 11th ed. John Wiley & Sons, 2016. 2
Longitudinal observation of pediatric dermatology patients. Springer International Publishing, 2019. 1
Lookingbill and marks’ principles of dermatology, 6th ed. Elsevier, 2019. 7
Neonatal and infant dermatology, 3rd ed. Saunders, 2015. 5
Pediatric dermatology: a quick reference guide, 3rd ed. American Academy of Pediatrics, 2016. 6
Personalized treatment options in dermatology. Springer Berlin Heidelberg, 2015. 4
The Gale encyclopedia of dermatology, 1st ed. Gale, Cengage Learning, 2017. 1
The Washington manual of dermatology diagnostics. Wolters Kluwer, 2016. 2
Therapy in pediatric dermatology management of pediatric skin disease. Springer International
Publishing, 2017.

4

Urgent care dermatology: symptom-based diagnosis. Elsevier, 2018. 13
SOC atlases† Clinical cases in skin of color medical, oncological and hair disorders, and cosmetic dermatology,

1st ed. Springer International Publishing, 2016.
5

Dermatology atlas for skin of color. Springer Berlin Heidelberg, 2014. 12
Ethnic dermatology: principles and practice. Informa Healthcare, 2014. 7

Medical journals‡
Rheumatology International Journal of Rheumatic Diseases. John Wiley & Sons. 0

Joint Bone Spine. Elsevier. 2
Journal of Clinical Rheumatology. Wolters Kluwer. 9
Lupus. Sage Publications. 27
Rheumatology. Oxford Academic. 5

Dermatology Dermatology Online Journal. UC Davis Dermatology. 12
International Journal of Dermatology. John Wiley & Sons. 24

(Continued)
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Overall, publishers were 2.58 times more likely to portray light
skin tones (95% confidence interval [95% CI] 2.22–3.01,
P < 0.001) and were significantly less likely to portray dark skin
tones (odds ratio [OR] 0.19, 95% CI 0.15–0.23, P < 0.001) com-
pared to an equal representation of skin colors (Table 2). With
the exception of SOC atlases, all resource types and specialties
predominantly published light skin tones. Google Images pre-
sented dark skin tones the least (4.3%), being 11.11 times less
likely to publish dark skin tones (OR 0.09 [95% CI 0.04–0.19],
P < 0.001) and 6.08 times more likely to publish light skin (95%
CI 3.97–9.29, P < 0.001). SOC atlases provided the most fre-
quent representation of medium (75.0%) and dark (25.0%) skin

tones among patients with lupus, consistent with their purpose
to portray SOC.

With regard to specialty, rheumatology (χ2(2) 99.26,
P < 0.001) and dermatology (χ2(2) 256.04, P < 0.001)
resources depicted an unequal distribution of light, medium,
and dark skin (Table 3). Rheumatology textbooks were 4.87
times (95% CI 2.90–8.17, P < 0.001) and dermatology text-
books were 2.42 times (95% CI 1.69–3.46, P < 0.001) more
likely to portray light skin tones. The ACR Image Library and
VisualDx published medium skin tones at similar frequencies
(40.3% and 40.5%, respectively). Both image libraries under-
represented dark skin tones, but the ACR Image Library did so

Table 1. (Cont’d)

Resource type Resource reference
Images meeting

criteria, no.

Journal of European Academy of Dermatology and Venereology. John Wiley & Sons. 2

Journal of the American Academy of Dermatology Case Reports. Elsevier. 18
Pediatric Dermatology. John Wiley & Sons. 22

Internal
medicine

Breast Journal. John Wiley & Sons. No access
Internal Medicine. The Japanese Society of Internal Medicine. 3
Internal Medicine Journal. John Wiley & Sons. 0
Journal of Community Hospital Internal Medicine Perspectives. Taylor and Francis. 0
Netherlands Journal of Medicine. MacChain. 1

Image libraries§
ACR Image Library. American College of Rheumatology. 2019. 57
VisualDx. VisualDx. 2019. 608

UpToDate§ Wolters Kluwer. 2019. 29
Google Images§ Google. 2019. 210

* ACR = American College of Rheumatology; SOC = skin of color.
† Sources are listed as title, publisher, year.
‡ Sources are listed as title, publisher.
§ Sources are listed as title, year.

Table 2. Light, medium, and dark skin tone representation by resource and specialty types*

Resource type or specialty type Light skin Medium skin Dark skin Total no.

Textbooks 234 (60.3) 121 (31.2) 33 (8.5) 388
Rheumatology 95 (70.9) 28 (20.9) 11 (8.2) 134
Dermatology 139 (54.7) 93 (36.6) 22 (8.7) 254

Journals 58 (46.4) 57 (45.6) 10 (8.0) 125
Rheumatology 17 (39.5) 21 (48.9) 5 (11.6) 43
Dermatology 39 (50.0) 34 (43.6) 5 (6.4) 78
Internal medicine 2 (50.0) 2 (50.0) 0 (0.0) 4

Image libraries 330 (49.6) 269 (40.5) 66 (9.9) 665
ACR Image Library 31 (54.4) 23 (40.3) 3 (5.3) 57
Visual Dx 299 (49.2) 246 (40.5) 63 (10.4) 608

Google Images 158 (75.2) 43 (20.5) 9 (4.3) 210
UpToDate 19 (65.5) 8 (27.6) 2 (6.9) 29
Total excluding SOC atlases 799 (56.4) 498 (35.1) 120 (8.5) 1417
SOC atlases 0 (0.0) 18 (75.0) 6 (25.0) 24
Specialty type
Rheumatology 143 (61.1) 72 (30.8) 19 (8.1) 234
Dermatology 477 (50.8) 373 (39.6) 90 (9.6) 940
Internal medicine 2 (50.0) 2 (50.0) 0 (0.0) 4

* Values are the number (%) unless indicated otherwise. Light skin is defined as New Immigrant Skin Color Scale
(NISSCS) scores of 1 to 2; medium skin is defined as NISSCS scores of 3 to 5; dark skin is defined as NISSCS scores
of 6 to 10. ACR = American College of Rheumatology; SOC = skin of color.
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to a greater degree (OR 0.11 [95% CI 0.03–0.40], P < 0.001
and OR 0.23 [95% CI 0.17–0.32], P < 0.001, respectively).
Internal medicine resources portrayed SOC the least, although
the sample size was small, and we did not find any images in
internal medicine textbooks that met our inclusion criteria. In
an assessment of interrater reliability, Krippendorf’s α was
0.903 among raters scoring images against the NISSCS (from
1 to 10) and 0.881 for categorizing images into the skin tone
groups of light, medium, and dark.

DISCUSSION

Our findings demonstrate that images of patients with lupus

overrepresent light skin tones, underrepresenting patients with

SOC and the population that carries the largest burden of dis-

ease. To the best of our knowledge, this is the first study to focus

solely on a disease process that manifests with more complica-

tions in people of color, to incorporate an online search engine in

its analysis, and to extend beyond a single specialty by encom-

passing rheumatology, dermatology, and internal medicine

resources.
Our results contribute to previous findings that illustrate poor

representation of patients with SOC among published images in

medical materials and online resources. Surveys of images from der-

matology and general medicine textbooks, lecture slides, and clinical

case studies showed a preference to portray White, male patients

(5–8). A study evaluating the representation of skin color in rheuma-

tology educational materials revealed a bias toward publishing

images with light skin, a finding that became more pronounced dur-

ing a post-hoc analysis comparing the proportion of images of

patients with lupus depicting light and dark skin to an estimated

model from the US population (11). While these studies elucidated

an underrepresentation of patients with SOC as well as of patients

with lupus and dark skin in educational materials, our data further

demonstrate this inequity across several specialties, a diversity of

resource types, and publicly accessible pictures from an internet

search.
The inclusion of a diverse list of resources in our study facil-

itated an in-depth analysis of SOC representation in more than
1,400 images depicting lupus. A previous report categorized
106 lupus-specific images as light or dark skin tones (11), and
the size of our collection allowed us to classify images with light,
medium, or dark skin tones. The description of 3 skin color cat-
egories highlights interesting findings. For example, SOC atlases
publish medium and dark skin tones in proportions that favor
medium skin color; while dermatology resources collectively
represent SOC most often, rheumatology journals include dark
skin tones more frequently than dermatology periodicals. These
nuances can inform publishers how to best adapt their
resources to represent patients with all skin colors equally.

Table 3. Descriptive statistics of the representation of light, medium, and dark skin tones in published images of lupus by resource
and specialty type*

Light skin Medium skin Dark skin

χ2 P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Overall 490.14 <0.001 2.59 [2.22–3.01] <0.001 1.08 (0.93–1.27) 0.30 0.19 (0.15–0.23) <0.001
Resource type
Textbooks 156.99 <0.001 3.04 (2.27–4.07) <0.001 0.91 (0.67–1.22) 0.54 0.19 (0.12–0.28) <0.001
Rheumatology 88.31 <0.001 4.87 (2.90–8.17) <0.001 0.53 (0.30–0.92) 0.02 0.18 (0.09–0.37) <0.001
Dermatology 82.07 <0.001 2.42 (1.69–3.46) <0.001 1.16 (0.80–1.66) 0.46 0.19 (0.11–0.32) <0.001

SOC atlases 6.00 0.01 0.04 (0.00–0.73) 0.02 6.00 (1.71–21.04) 0.01 0.67 (0.19–2.34) 0.53
Journals 36.11 <0.001 1.73 (1.04–2.89) 0.04 1.68 (1.00–2.80) 0.05 0.17 (0.08–0.37) <0.001
Rheumatology 25.92 <0.001 1.31 (0.54–3.16) 0.50 1.91 (0.80–4.57) 0.13 0.26 (0.09–0.81) 0.02
Dermatology 25.92 <0.001 2.00 (1.05–3.82) 0.04 1.55 (0.81–2.96) 0.19 0.14 (0.05–0.38) <0.001
Internal
medicine

0.00 1.00 1.73 (0.14–21.67) 0.74† 1.73 (0.14–21.67) 0.74† 0.19 (0.01–6.02) 0.40†

Image libraries 172.37 <0.001 1.97 (1.58–2.46) <0.001 1.36 (1.09–1.70) 0.03 0.22 (0.16–0.30) <0.001
ACR Image
Library

21.90 <0.001 2.38 (1.12–5.09) 0.02 1.35 (0.63–2.90) 0.44 0.11 (0.03–0.40) 0.001

Visual Dx 151.31 <0.001 1.94 (1.53–2.44) <0.001 1.36 (1.08–1.72) 0.01 0.23 (0.17–0.32) <0.001
Google Images 174.20 <0.001 6.08 (3.97–9.29) <0.001 0.52 (0.33–0.80) 0.003 0.09 (0.04–0.19) <0.001
UpToDate 15.379 <0.001 3.80 (1.28–11.27) 0.02 0.76 (0.25–2.34) 0.57 0.15 (0.03–0.76) 0.02

Specialty type
Rheumatology 99.26 <0.001 3.14 (2.15–4.59) <0.001 0.89 (0.60–1.31) 0.31 0.18 (0.10–0.30) <0.001
Dermatology 256.04 <0.001 2.06 (1.71–2.05) <0.001 1.32 (1.09–1.59) 0.004 0.21 (0.16–0.27) <0.001
Internal
medicine

0.00 1.00 1.73 (0.14–21.67) 0.74† 1.73 (0.14–21.67) 0.74† 0.19 (0.01–6.02) 0.40†

* Light skin is defined as New Immigrant Skin Color Scale (NISSCS) scores of 1 to 2;medium skin is defined as NISSCS scores of 3 to
5; dark skin is defined as NISSCS scores of 6 to 10. 95% CI = 95% confidence interval; ACR = American College of Rheumatology;
OR = odds ratio; SOC = skin of color.
† Haldane-Anscombe correction applied.
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Our study focused on obtaining images from resources pub-
lished from May 2014 to May 2019, demonstrating that even
recently published content continues to promote biases in medical
education and training. Reviews of images published in major plas-
tic surgery journals and dermatology textbooks have shown similar
inequitable representation of darker skin tones in images and also
discovered that representation did not change over time with
newer editions of the textbooks (10,12). Encouragingly, almost half
of images portraying sarcoidosis and discoid lupus depicted SOC
in a previous analysis (11), and the promotion of medium and dark
skin tones in SOC atlases exemplifies that images depicting SOC
can be incorporated in educational materials successfully.

The lack of patients with lupus and SOC represented in edu-
cational materials likely contributes to the health care disparities of
non-White patients. First, images in medical education resources
help to mold health care providers’ ability to care for patients
(4,7). Limited exposure to pathology in a variety of skin tones
can lead to underrecognition of lupus activity, thereby promoting
delays to appropriate treatment. Second, readily accessible
images underrepresent patients with lupus and SOC to the great-
est degree, and the biggest disparity in published skin tones was
found in Google Images. This could lead to delays in treatment, as
both patients and health care providers commonly utilize Google
searches to educate themselves about disease processes. These
observations may contribute to the larger systemic inequalities
observed in medical care through the lack of early and adequate
intervention, which occurs in other chronic diseases among peo-
ple of color (13). Access to medical care is lower in this popula-
tion, and the inability to recognize important signs characteristic
of disease further promotes differences in clinical outcomes.

The methods in our study strengthen the applicability of our
results. Using the NISSCS instead of FST, we classified images
without knowing the skin’s propensity to burn in ultraviolet light,
and we represented 3 categories (i.e., light, medium, and dark)
instead of the binary light and dark skin color groupings that are
described in previous studies (10,11,14). Multiple reports equate
the frequency of SOC among published images to the racial and
ethnic composition of estimated populations (5,6,11), but we
avoided using skin tone as a surrogate for race and ethnicity.
Race and ethnicity are social rather than biologic constructs,
and skin tones vary among people who identify as the same
race. Skin color also may have greater consequences in social
contexts than race or ethnicity, thereby holding value as an
independent outcome measure for research (15). Lastly, we
compared the proportion of light, medium, and dark skin tones
among educational images of patients with lupus to an ideal
population of equal representation across skin types, because
this distribution would best support practitioners’ care for
patients with all skin tones and minimize marginalization of vul-
nerable populations.

We acknowledge limitations to our study. First, we were
restricted to reviewing the online textbooks and journals that

were available to us through our university’s online medical
library, which may not have been inclusive for all resources pub-
lished from May 2014 to May 2019. In addition, we found only
4 images in internal medicine resources that met criteria, limiting
the applicability of these data to other internal medical
resources. Second, researchers have defined light, medium,
and dark skin tones differently on the NISSCS, introducing vari-
ability among studies. We chose to implement the strategy pre-
viously used to evaluate images in medical education resources
(5). Third, we did not differentiate the various lupus pathologies
depicted in our collection of images, which may mask more pro-
portionate representations of skin tones for diagnoses that
more commonly occur in patients with SOC, such as discoid
lupus (11).

Further investigation is needed to determine educational
materials’ impact on health care professionals’ confidence and
ability to recognize the disease manifestations of lupus in patients
with SOC. While previous studies have performed general sur-
veys of skin tone representation in medical resources, future stud-
ies should focus on other specific conditions known to manifest
with disparate health outcomes among patients of color. Addi-
tionally, educators should evaluate the methods and learning
environments that best teach practitioners to care for patients
with SOC while avoiding “othering” and maintaining patients’ dig-
nity during the educational process.

This study highlights the disparity between patients of color
who most experience lupus and their underrepresentation in pub-
lished images in rheumatology, dermatology, and internal medi-
cine education materials. The present study also adds to similar
findings from the fields of medical education, rheumatology, der-
matology, and plastic surgery (5,6,10–12,14). Fortunately, several
patient advocacy groups are already aware of this issue, such as
Brown Skin Matters, which promotes the representation of darker
skin tones in images of patients with rashes (https://www.
brownskinmatters.com/). Further research is needed to quantita-
tively assess the influence these materials have on health care
providers’ ability to care for patients with lupus and SOC, and
new material and strategies will be required to correct this dispar-
ity and promote equitable representation. Ultimately, this will arm
practitioners with the resources to competently treat patients with
any skin color and work toward reducing disparities in health
outcomes.
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Association of Osteoarthritis With Increased Risk of
Parkinson’s Disease: A Population-Based, Longitudinal
Follow-Up Study

Shih-Hao Feng,1 Hung-Jui Chuang,2 Kuo-Cheng Yeh,3 and Shin-Liang Pan4

Objective. To investigate whether patients with osteoarthritis (OA) are at a higher risk of developing Parkinson’s
disease (PD).

Methods. This retrospective cohort study was conducted using Taiwan’s Longitudinal Health Insurance Database
2005. We enrolled 33,360 patients who were 50–64 years old and had OA in 2002–2005 to form the OA group. The
comparison group consisted of 33,360 age- and sex-matched, randomly sampled subjects without OA. Then, their
PD-free survival curves were generated using the Kaplan-Meier method. Multivariable Cox proportional hazards
regression analysis was employed to estimate the effect of having OA on patients’ subsequent risk of PD.

Results. Of the 2 groups, the OA group had a significantly higher risk of developing PD (adjusted hazard ratio
[HRadj] 1.41 [95% confidence interval (95% CI) 1.16–1.70], P = 0.0003). The PD-free survival rate of the OA group
was also significantly lower than that of the comparison group (P = 0.0004). The subgroup analysis showed that
patients with knee or hip OA appeared to have a higher magnitude of PD risk (HRadj 1.55 [95% CI 1.14–2.11]) than
patients with non–knee and non–hip OA (HRadj 1.42 [95% CI 1.06–1.89]) or with uncategorized OA (HRadj 1.32
[95% CI 1.05–1.64]).

Conclusion. Our findings suggest that OA is linked to an increased risk of developing PD.

INTRODUCTION

Osteoarthritis (OA) is a progressive and degenerative joint

disease commonly affecting weight-bearing synovial joints, such

as knee and hip joints (1,2). It is widely accepted that inflammation

is one of the key elements in the pathogenesis of OA (3,4).

Parkinson’s disease (PD) is a common neurodegenerative disor-

der, causing substantial disability and socioeconomic burden

worldwide (5,6). As well as being usually characterized by neu-

roinflammation (7,8), PD has been linked to exacerbated neuroin-

flammatory processes such as glial-mediated reactions and

increased expression of proinflammatory substances (9).

Because a growing body of literature reports that peripheral

inflammation may induce neuroinflammation in the brain, leading

to neurodegeneration (10–12), we hypothesized that having OA

may increase people’s risk of later developing PD. However,

because data on the relationship between OA and PD was

lacking, we chose to evaluate the risk of PD among patients with

OA via the present population-based, longitudinal follow-up

study.

MATERIALS AND METHODS

Data source. Taiwan’s National Health Insurance (NHI)
system was established in 1995. It is a compulsory social insur-

ance system that offers comprehensive medical coverage to

>97% of the entire population of Taiwan, i.e., >22 million people

at the time of writing. The NHI Research Database (NHIRD) con-

tains data on all NHI claims made, along with details of the

claimants. This study used the Longitudinal Health Insurance

Database 2005 (LHID2005), a subset of NHIRD that contains

data on 1 million people randomly sampled from the NHIRD’s

2005 claimants’ registry. LHID2005 has been shown to be

representative of the complete NHIRD, and thus, of the
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whole Taiwanese population (https://nhird.nhri.org.tw/en/Data_

Subsets.html#S3).

Ethics statement. To protect personal privacy, all person-
ally identifiable information in LHID2005 was encrypted before
analysis commenced. Since the present study used deidentified
data for research purposes and analyzed the data anonymously,
it was certified to be exempt from full review by the Research
Ethics Committee of National Taiwan University Hospital.

Study design and population. This study used a retro-
spective cohort design to assess the impact of OA on the risk of
developing PD. The study population consisted of an OA group
and a comparison group. The details of the enrollment process
are shown in Figure 1.

The initial OA group was selected from LHID2005’s outpa-
tient visit records from a 4-year period, 2002–2005. The inclusion
criteria were 1) having at least 2 outpatient visit records with a
diagnosis of OA (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] code 715), with the
date of the first diagnosis of OA in this period being defined as
the index date; and 2) being age 50–64 years on the index date.
Based on these criteria, a total of 38,042 subjects were included
in the initial OA group. We then excluded patients who 1) had
been diagnosed with OA (ICD-9-CM code 715) at any point in
the 12 months prior to the index date to increase the likelihood
of sampling newly diagnosed OA patients, and/or 2) had been
diagnosed with PD (ICD-9-CM code 332) at any point in the
12 months prior to the index date. A total of 4,590 OA patients
were excluded due to the above-mentioned exclusion criteria
(Figure 1).

The variety of potential confounding factors that the
researchers considered can be subdivided into 3 main types:
demographic characteristics, preexisting comorbid conditions,
and socioeconomic variables. The comorbid conditions were dia-
betes (ICD-9-CM code 250), hypertension (ICD-9-CM codes
401-405), dyslipidemia (ICD-9-CM code 272), thyroid disease
(ICD-9-CM codes 240–246), diffuse diseases of connective tissue
(ICD-9-CM code 710), coronary heart disease (ICD-9-CM codes
410–414 and 429.2), chronic obstructive pulmonary disease

(COPD; ICD-9-CM codes 491, 492, and 496), stroke (ICD-9-CM
code 430–438), traumatic brain injury (ICD-9-CM codes 800–
804 and 850–854), and gout (ICD-9-CM code 274). COPD was
used as a surrogate for smoking exposure (13), as the LHID2005
database lacks smoking-status information.

The presence of a given comorbid condition was determined
by at least 1 hospital discharge or 2 outpatient visits with the rele-
vant diagnosis code(s) within 12 months prior to the index date.
The socioeconomic variables included the patient’s monthly
income and census region of residence (i.e., North, Central, East,
or South Taiwan) and the level of urbanization at his/her home
address (i.e., level 1 = most urbanized; level 5 = least urbanized)
(14). Monthly income was derived from the patient’s insured
payroll-related amount in new Taiwan dollars (NT$) into 1 of
4 levels: NT$0; NT$1–15,840, i.e., not exceeding Taiwan’s then-
prevailing minimum wage for full-time work; NT$15,841–25,000;
and ≥NT$25,001. Ninety-two OA patients were excluded due to
missing socioeconomic information, leaving a total of 33,360 indi-
viduals in the OA group.

The comparison group was drawn from all cases without any
diagnosis of OA in the LHID2005 from 2002 to 2005. Each of its
members’ index date was the date of his/her first outpatient visit
during that period, and people ages 50–64 years on the index
date were included in the initial comparison pool (n = 92,035).
The exclusion criteria were the same as for the OA group. After
the exclusion criteria were applied, and those with missing socio-
economic data eliminated, 83,081 individuals remained (Fig. 1).
We then randomly sampled 1 non-OA subject from the compari-
son pool for each OA patient, matched by age and sex, leaving
33,360 subjects in both the final OA group and the comparison
group for analysis (Figure 1).

Outcome. All LHID2005 outpatient visit and inpatient dis-
charge records for both groups were retrieved, starting from each
individual’s index date, and ending on December 31, 2011 (the
follow-up period). The primary outcome was defined as a new
diagnosis of PD, as confirmed by at least 1 discharge or at least
2 outpatient visits with a principal diagnosis code of ICD-9-CM
332.0 during his/her follow-up period. If a subject had at least
2 outpatient visits (or 1 inpatient discharge record after 1 outpa-
tient visit) with a principal PD diagnosis, we used the date of the
first outpatient visit where a PD diagnosis was made as the PD
diagnosis date. The date of a subject’s withdrawal from the NHI
program was assumed to coincide with his/her death, and the
cause of death was deemed to be the majority principal diagnosis
code associated with his/her discharge or outpatient visits in
3 months prior to death (15).

Statistical analysis. Chi-square test and Student’s t-test
were used to examine the differences in demographic character-
istics, preexisting comorbid conditions, and socioeconomic vari-
ables between the OA and comparison groups. Incidence rate

SIGNIFICANCE & INNOVATIONS
• This population-based study showed that osteoar-

thritis (OA) is linked to a higher long-term risk of
Parkinson’s disease (PD).

• This study broke new ground by using a longitudinal
follow-up design and a nationally representative
sample.

• Our findings suggest that clinicians who care for OA
patients need to be aware of this increased risk of
developing PD.
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was calculated as the number of PD cases divided by the amount
of PD-free follow-up time (in 1,000 person-years). We used the
Kaplan-Meier method to estimate the PD-free survival rates of
the 2 groups, and the differences in those survival rates were
examined using a log rank test. Multivariable Cox proportional
hazards regression analysis was then used to evaluate the effects
of OA on the risk of developing PD. P values less than 0.05 were
considered statistically significant. All data were analyzed using
SAS, version 9.4.

RESULTS

This study included 33,360 OA cases and 33,360 non-OA
controls. Table 1 presents the baseline characteristic of the study
population. Women made up 64.7% of the OA group and

comparison group, which had a mean age of 57.1 years. The
OA group had a higher prevalence of preexisting comorbid condi-
tions, including diabetes mellitus, hypertension, dyslipidemia, thy-
roid disease, diffuse diseases of connective tissue, coronary heart
disease, chronic obstructive pulmonary disease, stroke, trau-
matic brain injury, and gout. There were also significant differ-
ences in the 2 groups’ distributions of monthly income,
urbanization level, and geographic region.

The average follow-up time was 7.74 years (range 0.03–
9.0 years) for the OA group and 8.67 years (range 0.003–
9.0 years) for the comparison group. Table 2 shows the number
of PD events and crude and adjusted hazard ratios (HRadj) of the
OA and comparison groups. During the follow-up period,
205 patients in the comparison group, and 256 in the OA group,
developed PD. Among these 461 PD cases, 429 PD diagnoses

Figure 1. Flow chart illustrating the enrollment process of the osteoarthritis and comparison groups. LHID2005 = Longitudinal Health Insurance
Database 2005.
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were made by outpatient visits, and 32 PD diagnoses by dis-
charge records. The incidence rates of PD per 1,000 person-
years for the comparison and OA groups were 0.71 (95% confi-
dence interval [95% CI] 0.62–0.81) and 0.99 (95% CI 0.87–
1.12), respectively; and the OA group’s risk of PD was 41%
higher than the comparison group’s (HRadj 1.41 [95% CI 1.16–
1.70], P = 0.0004). The PD-free survival rate of the OA group
was significantly lower than that of the comparison group
(Figure 2) (P = 0.0003). During the follow-up period, 2,055
patients died in the OA group (7.96 deaths per 1,000 person-

years), and 2,338 patients died in the comparison group (8.08
deaths per 1,000 person-years). There was a lack of significant
difference in all-cause mortality between the 2 groups (HR 1.01
[95% CI 0.95–1.08]).

The subgroup analysis of different OA locations is presented
in Table 2. Patients in the OA group were classified into 3 sub-
groups according to the locations of OA: 1) knee or hip OA
(KHOA), 2) non–knee and non–hip OA (NKHOA), and 3) uncate-
gorized OA (UOA). UOA was encoded using only the 3-digit
ICD-9-CM category number (i.e., code 715) without the

Table 1. Baseline demographic and socioeconomic characteristics and comorbid conditions of the osteoarthritis
(OA) and comparison groups*

Variable
OA group Comparison group

P(n = 33,360) (n = 33,360)

Female 21,569 (64.7) 21,569 (64.7) 1.0000
Age, mean ± SD years 57.1 ± 4.5 57.1 ± 4.7 0.6802
Diabetes mellitus 4,098 (12.3) 3,039 (9.1) <0.0001
Hypertension 8,986 (26.9) 5,941 (17.8) <0.0001
Dyslipidemia 4,060 (12.2) 2,053 (6.2) <0.0001
Thyroid diseases 840 (2.5) 547 (1.6) <0.0001
Diffuse diseases of connective tissue 249 (0.8) 84 (0.3) <0.0001
Coronary heart disease 2,636 (7.9) 1,584 (4.8) <0.0001
COPD 326 (1.0) 235 (0.7) 0.0001
Stroke 1315 (3.9) 898 (2.7) <0.0001
Traumatic brain injury 398 (1.2) 176 (0.5) <0.0001
Gout 2,162 (6.5) 881 (2.6) <0.0001
Monthly income <0.0001
NT$0 9,795 (29.4) 11,227 (33.6)
NT$1–NT$15,840 4,448 (13.3) 4,869 (14.6)
NT$15,841–NT$25,000 11,238 (33.7) 10,698 (32.1)
≥NT$25,001 7,879 (23.6) 6,566 (19.7)

Urbanization level <0.0001
1 (most urbanized) 14,095 (42.2) 14,772 (44.3)
2 10,307 (30.9) 9,694 (29.1)
3 2,826 (8.5) 3,090 (9.2)
4 3,310 (9.9) 3,198 (9.6)
5 (least urbanized) 2,822 (8.5) 2,606 (7.8)

Geographic region <0.0001
Northern 16,858 (50.5) 17,188 (51.5)
Central 6,954 (20.9) 6,868 (20.6)
Southern 8,696 (26.1) 8,655 (25.9)
Eastern 852 (2.5) 649 (2.0)

* Values are the number (%) unless indicated otherwise. COPD = chronic obstructive pulmonary disease;
NT$ = New Taiwan dollar (US$1 = NT$34 in 2001).

Table 2. Number of Parkinson’s disease (PD) events and hazard ratios (HRs) for the comparison and osteoarthritis (OA) groups and the 3 OA
subgroups*

Variable

OA subgroup

Comparison group OA group KHOA NKHOA UOA
(n = 33,360) (n = 33,360) (n = 5,644) (n = 7,985) (n = 19,731)

PD events, no. 205 256 53 64 139
Risk per 1,000 person-years (95% CI) 0.71 (0.62–0.81) 0.99 (0.87–1.12) 1.18 (0.88–1.54) 1.01 (0.78–1.29) 0.93 (0.78–1.10)
Crude HR (95% CI) 1.00 1.47 (1.22–1.77)† 1.73 (1.28–2.34)† 1.46 (1.10–1.93)† 1.38 (1.11–1.71)†
Adjusted HR (95% CI)§ 1.00 1.41 (1.16–1.70)† 1.55 (1.14–2.11)† 1.42 (1.06–1.89)† 1.32 (1.05–1.64)†

* 95% CI = 95% confidence interval; KHOA = knee or hip OA; NKHOA = non–knee and non–hip OA; UOA = uncategorized OA.
† P < 0.05.
§ Adjusted for sex, age, diabetes mellitus, hypertension, dyslipidemia, thyroid disease, diffuse diseases of connective tissue, coronary heart dis-
ease, chronic obstructive pulmonary disease, stroke, traumatic brain injury, gout, monthly income, urbanization level, and geographic region.
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subcategory number indicating the location of OA. All these 3 sub-
groups had a significantly increased risk of PD compared to the
comparison group, and the KHOA subgroup appeared to have a
higher magnitude of PD risk (HRadj 1.55 [95% CI 1.14–2.11]) than
the NKHOA (HRadj 1.42 [95% CI 1.06–1.89]) and UOA subgroups
(HRadj 1.32 [95% CI 1.05–1.64]).

Table 3 shows the subgroup analysis stratified by sex and
age. The HRadj of PD for women with versus without OA was
1.57 (95% CI 1.24–1.98), whereas the HRadj of PD for men with
versus without OA was 1.18 (95% CI 0.85–1.62). Women with
OA appeared to have higher magnitude of PD risk than their male
counterparts. In the analysis stratified by age, the younger (≥50 to
<57 years) and elder (≥57 to <65 years) strata had similar point
estimates of HRadj (1.38 and 1.42, respectively), although the
95% CI was wider in the younger stratum.

To assess the robustness of our results, we carried out the
following sensitivity analyses. First, OA is a chronic condition,
and a longer period prior to the index date for exclusion of preex-
isting OA cases may be needed. However, due to the limitation of
data availability, we were unable to use a longer run-in period to
identify newly diagnosed OA patients. We therefore performed

an additional analysis using prevalent OA cases (i.e., not exclud-
ing those who have had OA before the index date) as the OA
group to evaluate the impact of prevalent OA cases on the study
findings. The estimated HRadj of PD was 1.42 (95% CI 1.20–
1.69), which is very close to the estimate (HRadj 1.41 [95% CI
1.16–1.70]) using the original case definition. Second, in the pres-
ent study, we defined the OA and non-OA individuals at baseline
and did not treat OA status as a time-varying variable for subjects
in the comparison group. It is of interest to assess the HR of PD
when the comparison group was restricted to individuals who
never developed OA during the follow-up. The results showed
that the HRadj of PD was 2.01 (95% CI 1.60–2.51), which appears
to be higher than the original estimate (HRadj 1.41 [95% CI 1.16–
1.70]). Such an elevation of HR may further support that OA is
associated with an increased risk of PD, as all the new OA cases
identified during the follow-up were excluded from the compari-
son group. Third, for the OA group, the average time interval
between the 2 outpatient visits with an OA diagnosis was
3.81 months. This may introduce immortal time bias, as the first
outpatient visit with an OA diagnosis was defined as the index
date. We therefore performed an additional analysis, starting
follow-up at the second outpatient visit with an OA diagnosis.
The estimated HRadj was 1.47 (95% CI 1.21–1.77), which is close
to the estimate using the time of first outpatient visit as the starting
point of follow-up (HRadj 1.41 [95% CI 1.16–1.70]).

DISCUSSION

The present study has established that OA patients had a
41% higher risk of PD than those without OA. To the best of our
knowledge, the present study is the first large-scale longitudinal
follow-up study to suggest a link between OA and PD. Recent
research has shown that inflammatory mediators play a pivotal
role in the development and progression of OA (3,4). Patients with
OA have been found to have elevated levels of circulating
interleukin-6 (IL-6) and tumor necrosis factor (TNF) (16), both of
which are key proinflammatory cytokines that can induce cartilage
catabolism (17). Moreover, IL-6 and TNF can activate microglia
in the brain, which may produce additional proinflammatory

Figure 2. Parkinson’s disease (PD)–free survival rates for the osteo-
arthritis group (solid line) and the comparison group (broken line).

Table 3. Crude and adjusted hazard ratios (HRs) of Parkinson’s disease (PD) for patients with osteoarthritis, strati-
fied by age and sex*

Variable

Sex Age, years

Men Women ≥50 to <57 ≥57 to <65
(n = 11,791) (n = 21,569) (n = 17,114) (n = 16,246)

PD events, no. 80 176 68 188
Crude HR (95% CI) 1.23 (0.90–1.69) 1.62 (1.29–2.04)† 1.42 (0.99–2.02) 1.48 (1.20–1.84)†
Adjusted HR (95% CI)‡ 1.18 (0.85–1.62) 1.57 (1.24–1.98)† 1.38 (0.96–1.99) 1.42 (1.14–1.77)†

* 95% CI = 95% confidence interval.
† P < 0.05.
‡ Adjusted for sex, age, diabetes mellitus, hypertension, dyslipidemia, thyroid disease, diffuse diseases of connec-
tive tissue, coronary heart disease, chronic obstructive pulmonary disease, stroke, traumatic brain injury, gout,
monthly income, urbanization level, and geographic region.
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cytokines. These cytokines, in turn, can cause further neuroin-
flammation in the brain and thus accelerate neurodegeneration
(18–20). Because abundant microglia are present in the substan-
tia nigra, midbrain dopaminergic neurons have been reported to
be especially vulnerable to inflammatory insults (20–23). We
therefore hypothesize that the observed higher PD risk among
patients with OA may be mediated through cytokine-elicited neu-
roinflammation, which predisposes them to this higher risk.

Previous studies have also shown that physical activity is a
protective factor against PD (24,25). It can increase the secretion
of neurotrophic factors in the striatum (26), reduce neurodegen-
eration (27,28), and promote the survival of dopaminergic neu-
rons (24). As a result, low levels of physical activity may lead to
higher risk of developing PD. In patients with OA, weight-bearing
activities may exacerbate joint pain, which in turn can limit the
scope of physical activity (29). Accordingly, OA-related physical
inactivity may also contribute to a higher risk of PD in these
patients. In our study, patients with knee or hip OA appeared to
have a higher magnitude of PD risk than those who had OA with-
out affecting the knee or hip (Table 2). One cohort study from
Denmark also found a slightly increased risk of PD among
patients with severe knee or hip OA requiring implant surgery
(30). Since the knee and hip are major weight-bearing joints,
patients with knee or hip OA are more likely to have low levels of
physical activity due to joint pain and mobility impairment, which
may predispose them to a higher risk of PD.

Low vitamin D levels have been associated with an
increased risk of developing PD (31). Recent research has
revealed that vitamin D can enhance the synthesis of dopamine
by increasing tyrosine hydroxylase activity. In addition, this
vitamin may promote the expression of glial cell line–derived
neurotrophic factor, a critical protein for the survival of dopami-
nergic neurons (32). Moreover, high levels of vitamin D recep-
tors have been found in the dopaminergic neurons within the
substantia nigra (33,34). Therefore, chronic insufficiency of
vitamin D may accelerate the degeneration of dopaminergic
neurons, especially in the substantia nigra region, and
therefore lead to a higher risk of PD. It has been shown that
OA patients have low serum vitamin D levels (35,36) and a high
prevalence (24–81%) of vitamin D deficiency (37,38). Therefore,
OA-associated vitamin D insufficiency may also contribute to
the higher risk of PD we observed.

The present large population-based cohort study has
shown an elevated risk of PD in patients with OA. It has been
suggested that symptomatic OA could additively increase the
risk of mortality in individuals with PD (39). Moreover, OA-
related mobility impairments may mask early motor symptoms
of PD, such as short stride and slow movement. Therefore, our
findings suggest that clinicians need to be more vigilant about
the risk of PD among their OA patients. However, several limita-
tions of the present study warrant consideration. First, we used
the ICD codes from the claim records in the LHID2005 to

identify OA, PD, and comorbidities, which could raise concerns
about diagnostic accuracy. Nevertheless, the Bureau of the NHI
has set up audit committees that regularly review claims data to
improve the accuracy of its data on diagnoses, and the
LHID2005 is therefore used extensively in biomedical research
(40,41). The likelihood that the diagnoses we used were correct
was also boosted by our requirement that there be at least
2 medical care records with the relevant diagnosis codes.
Second, certain types of lifestyle information (such as smoking
status and alcohol intake) are not available from the LHID2005.
Therefore, apart from our use of COPD as a surrogate for
smoking, lifestyle factors were not included in our analysis.
Consequently, there may be some residual confounding of the
association between OA and PD.

In conclusion, the present population-based, longitudinal
follow-up study shows that patients with OA are at higher risk of
developing PD. Further studies are required to explore the under-
lying mechanism(s) of this association. Our findings suggest that
clinicians who care for OA patients need to be alert to their
enhanced risk of PD.
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Effects of Shoe-Stiffening Inserts on Lower Extremity
Kinematics in Individuals With First Metatarsophalangeal
Joint Osteoarthritis

Jodie A. McClelland,1 Jamie J. Allan,1 Maria Auhl,1 Andrew K. Buldt,1 Karl B. Landorf,1 Flavia M. Cicuttini,2

Edward Roddy,3 Hylton B. Menz,4 and Shannon E. Munteanu1

Objective. To examine the effects of shoe-stiffening inserts on lower extremity kinematics in individuals with first
metatarsophalangeal (MTP) joint osteoarthritis (OA).

Methods. Forty-eight individuals with radiographically confirmed first MTP joint OA (24 male and 24 female;
mean ± SD age 57.8 ± 10.5 years) were randomized to receive either shoe-stiffening inserts or sham inserts and
underwent gait analysis during level walking using a 10-camera infrared Vicon motion analysis system. Sagittal plane
kinematics of the first MTP, ankle, knee, and hip joints were compared between the shoe only (control) and insert
conditions in both groups (within-groups) and between both insert conditions (between-groups).

Results. Compared to the shoe only condition, the sham insert reduced knee flexion and total excursion, and the
shoe-stiffening insert reduced first MTP joint maximum dorsiflexion and ankle joint maximum plantarflexion, and
increased maximum knee flexion and total excursion. Between-group comparisons indicated that the shoe-stiffening
inserts significantly decreased first MTP joint maximum dorsiflexion, ankle joint maximum plantarflexion, and total
excursion and increased knee joint maximum flexion and total excursion compared to the sham inserts.

Conclusion. Carbon fiber shoe-stiffening inserts significantly alter sagittal plane lower extremity joint kinematics
during walking, particularly first MTP joint maximum dorsiflexion. These findings provide insights into the mechanisms
that may be responsible for their clinical effectiveness in the treatment of first MTP joint OA and potentially explain
changes in symptoms in other lower extremity joints.

INTRODUCTION

Osteoarthritis (OA) of the first metatarsophalangeal (MTP)

joint is a common and disabling condition affecting 8% of individ-

uals age >50 years (1). The condition is characterized by pain,

stiffness, and reduced range of motion in the first MTP joint (2),

which leads to difficulty walking and a subsequent reduction in

foot-specific and general health-related quality of life (3). Person-

level risk factors for first MTP joint OA include increased age,

female sex, and lower socioeconomic status (1), while at the foot

level, increased length and width of the first metatarsal, proximal

phalanx, and sesamoid bones may also play a role (4). First MTP

joint OA is considered to be a progressive disorder, as

radiographic severity increases over time (5) and appears to have

a cumulative effect on foot symptoms and function (2).
A range of nonsurgical interventions are commonly used in

the management of first MTP joint OA, including exercise, taping,

foot orthoses, rocker-sole footwear, and shoe-stiffening inserts

(6,7). Shoe-stiffening inserts are thin, semirigid insoles placed

inside the shoe with the objective of decreasing dorsal compres-

sion within the first MTP joint by reducing the magnitude of dorsi-

flexion during the propulsive phase of gait (8). Investigation of the

biomechanical effects of shoe-stiffening inserts, however, is lim-

ited to studies of healthy individuals (9–13) or individuals with mid-

foot OA (14,15) and has not been undertaken in those with first

MTP joint OA. Furthermore, few studies have examined the
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effects of shoe-stiffening inserts on the function of proximal joints

(10,12–14), which is an important consideration given that altered

gait patterns may be responsible for adverse effects such as knee

pain (16).
Therefore, as part of a larger randomized trial that evaluated

the effectiveness of shoe-stiffening inserts for the treatment of first
MTP joint OA (17,18), we conducted a nested biomechanical
study to examine the effects of shoe-stiffening inserts and sham
inserts on sagittal plane kinematics of the first MTP, ankle, knee,
and hip joints.

PATIENTS AND METHODS

Participants. Participants for this study were drawn from a
randomized trial that evaluated the effectiveness of shoe-
stiffening inserts for first MTP joint OA, the details of which have
been published previously (17,18). The relevant elements of the
protocol are briefly summarized below. To be included in the
study, participants needed to be ≥18 years of age, have pain in
the first MTP joint on most days for at least 12 weeks, rated at
least 30 mm on a 100-mm visual analog scale, have pain upon
palpation of the dorsal aspect of the first MTP joint, have restricted
first MTP joint dorsiflexion (<64� of dorsiflexion range of motion),
and be able to walk household distances without the use of a
walking aid. Participants were excluded if they had previous first
MTP joint surgery, were currently pregnant, or had hallux valgus,
a systemic inflammatory condition, or cognitive impairment. The
La Trobe University Human Ethics Committee provided ethics
approval (number HEC15-128), and written informed consent
was obtained from all participants.

Clinical and radiographic assessment. Clinical features
associated with first MTP joint OA (pain on palpation, dorsal exos-
tosis, joint effusion, pain on motion, hard end-feel, and crepitus)
and passive, non-weightbearing first MTP joint dorsiflexion range
of motion were documented using established techniques (19).
The presence of radiographic first MTP joint OA was determined
using the La Trobe University radiographic atlas, which incorpo-
rates weightbearing dorsoplantar and lateral radiographs to

document the presence of OA based on observations of osteo-
phytes and joint space narrowing (20).

Biomechanical assessment. Biomechanical assessment
was performed to evaluate kinematics of the first MTP, ankle,
knee, and hip joints during level walking at self-selected speed.
We limited our analysis to the sagittal plane, as 1) decreasing first
MTP joint dorsiflexion is the proposed mechanism of action of
shoe-stiffening inserts, 2) it is unlikely that movements in coronal
and transverse planes would be large enough to surpass error
related to skin movement, and 3) to minimize the likelihood of false
positive findings. A 10-camera infrared motion analysis system
(Vicon Motion Systems) collected trajectory data from 38 passive
reflective markers attached to the lower extremity and foot based
on the Salford Foot Model (21), the Helen Hayes marker set
(22,23), and a customized model to allow for segmental definition
and functional joint calibration (24).

Participants were equipped with standardized footwear cus-
tomized with cutouts in order to allow visualization of the foot
markers and avoid any alteration in marker placement between
testing conditions. Marker trajectories were collected at a fre-
quency of 100 Hz, and for the purposes of this study, all lower
extremity joint kinematics were calculated using the Conventional
Gait Model (24) and Salford Foot Model (21) based on Euler
angles and described in terms of movement of the distal segment
relative to the proximal segment. It was necessary to modify the
Salford Foot Model, as it was originally designed for barefoot
analysis, and in our study, participants needed to be shod to
accommodate the shoe-stiffening inserts. To achieve this, we
removed the lateral forefoot and midfoot markers, which precluded
any measurement of midfoot motion. The minimum and maximum
angles throughout the stance phase of gait were averaged from the
middle stride of six 10-meter walking trials. The total excursion of
each joint was calculated by subtracting the minimum angle from
the maximum angle. Temporospatial parameters (velocity, stride
length, and cadence) were also calculated.

Interventions. Participants were randomly allocated to
receive either shoe-stiffening inserts or sham inserts (a single
insert if symptoms were unilateral, or a pair of inserts if symptoms
were bilateral). The shoe-stiffening inserts (Carbon Fibre Spring
Plate, Paris Orthotics) weighed 32–48 grams across the size
range, were 1.5 mm thick, and were covered with 3.2-mm foam
(PPT 2 809 Blue with an Ultralux top layer, Langer Biomechanics).
A full-length piece of nylon woven textile covering (Cambrelle,
Camtex Fabrics) was applied to the underside of the insert to
make its appearance similar to the sham insert. The sham inserts
were designed to not affect first MTP joint dorsiflexion. To achieve
this, the distal portion was removed so that the anterior edge fin-
ished at the anterior margin of the heel. As with the inserts pro-
vided to the intervention group, the sham inserts were covered
with a full-length layer of the same 3.2-mm foam, and a full-length

SIGNIFICANCE & INNOVATIONS
• Shoe-stiffening inserts significantly influence kine-

matics of the lower extremities during walking.
• Sham inserts have negligible biomechanical effects.
• Reduced first metatarsophalangeal (MTP) joint dor-

siflexion with shoe-stiffening inserts may explain
their apparent clinical effectiveness in reducing
pain associated with first MTP joint osteoarthritis.

• Kinematic changes in the ankle and knee joints were
generally small butmay reflect compensations to aid
propulsion and facilitate shock attenuation.
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piece of the same nylon woven textile covering was applied to the
underside of the insert (Figure 1). Mechanical testing of the sham
insert confirmed that it had a negligible effect on shoe bending
stiffness (17). Participants were tested under 2 conditions: the
shoe only (control) condition and their allocated insert condition
(i.e., either sham or shoe-stiffening insert).

Statistical analysis. Statistical analysis was undertaken
using SPSS Statistics, version 26.0. All data were explored for
normality, and none required transformation. To evaluate the
effects of the interventions (i.e., sham inserts and shoe-
stiffening inserts) compared to the shoe only (control) condi-
tion, a series of within-group paired t-tests were conducted.
To directly compare the effects of shoe-stiffening inserts and
sham inserts, between-group analyses of covariance were
conducted with the intervention group, and shoe-only condi-
tion scores entered as independent variables (25). The effect
size for within-group comparisons was calculated using
Cohen’s d, and the following interpretation of effect size was
used: negligible (<0.15), small (0.15–0.40), medium (>0.40–
0.75), large (>0.75–1.10), and very large (>1.10) (26). Adjusted
mean differences and 95% confidence intervals were calcu-
lated for between-group comparisons.

RESULTS

Participants and their characteristics. One hundred
participants (45 men and 55 women, ages 24–82 years, mean
± SD 57.5 ± 10.3 years) were recruited for the randomized trial
(18). Of these, 54 participants consented to biomechanical
analysis, and complete data were available for 48 participants

(24 male and 24 female). Characteristics of these participants
are reported in Table 1.

Effects of inserts on lower extremity kinematics.
Lower extremity kinematic data for the sham insert and shoe-
stiffening insert groups are shown in Figures 2 and 3. Within-
and between-group effects of sham inserts and shoe-stiffening
inserts on temporospatial parameters (velocity, stride length, and
cadence) and lower extremity kinematics are shown in Table 2.
There were no within- or between-group differences for the tem-
porospatial parameters. Compared to the shoe-only condition,
the sham inserts had no effect on first MTP, ankle, or hip joint
kinematics but resulted in a significant decrease in knee joint max-
imum flexion (mean difference 1.2 degrees, d = 0.16; small effect)
and total excursion (1.0 degree, d = 0.04; negligible effect). In
contrast, the shoe-stiffening inserts led to a significant decrease
in first MTP maximum dorsiflexion (3.8 degrees, d = 0.57;
medium effect), ankle joint maximum plantarflexion (2.4 degrees,
d = 0.46; medium effect), ankle joint total excursion (2.8 degrees,
d = 0.68; medium effect), and an increase in knee joint maximum
flexion (2.0 degrees, d = 0.37; small effect) and knee joint total

Figure 1. Sham inserts (A) and carbon-fiber shoe-stiffening
inserts (B) used in the study. In the bottom images, thin dark lines
represent textile covering, the thick blue bar represents the foam
top cover, and the thick dark bar represents the semirigid carbon
fiber plate.

Table 1. Participant characteristics*

Characteristic

Sham insert
group
(n = 23)

Shoe-stiffening
insert group

(n = 25)

Demographic and
anthropometric
characteristics

Age, mean ± SD years 57.2 ± 11.4 58.4 ± 9.8
Female 13 (56.5) 11 (44.0)
Height, mean ± SD cm 169.19 ± 9.0 167.1 ± 7.7
Weight, mean ± SD kg 79.6 ± 12.1 80.4 ± 16.2
Body mass index, mean ± SD

kg/m2
27.9 ± 3.9 28.8 ± 5.2

Clinical features
Passive NWB first MTP joint

maximum dorsiflexion,
mean ± SD degrees

45.0 ± 11.1 45.2 ± 10.7

Pain on palpation 23 (100) 25 (100)
Palpable dorsal exostosis 23 (100) 25 (100)
Pain on motion of first MTP

joint
18 (78.3) 17 (68.0)

Hard end-feel when
dorsiflexed

21 (91.3) 23 (92.0)

Crepitus 6 (26.1) 10 (40.0)
Radiographic features†
Dorsal osteophytes 20 (95.2) 24 (96.0)
Dorsal joint space narrowing 20 (95.2) 23 (92.0)
Lateral osteophytes 20 (95.2) 24 (96.0)
Lateral joint space narrowing 19 (90.5) 23 (92.0)
Radiographic first MTP

joint OA‡
19 (90.5) 23 (92.0)

* Values are the number (%) unless indicated otherwise. MTP = meta-
tarsophalangeal; NWB = non-weightbearing; OA = osteoarthritis.
† Score of >0 using La Trobe Radiographic Atlas (20).
‡ At least 1 score of 2 for osteophytes or joint space narrowing
from either view using case definition from La Trobe Radio-
graphic Atlas (20).
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excursion (2.8 degrees, d = 0.29; small effect). Between-group
comparisons indicated that after adjusting for the shoe-only con-
dition, the shoe-stiffening inserts significantly decreased first
MTP joint maximum dorsiflexion (3.2 degrees), ankle joint maxi-
mum plantarflexion (1.8 degrees) and total excursion (2.1
degrees), and increased knee joint maximum flexion (3.2 degrees)
and total excursion (3.2 degrees) compared to the sham insert
group.

DISCUSSION

The objective of this study was to examine the effects of
shoe-stiffening inserts on the sagittal plane kinematics of the first
MTP, ankle, knee, and hip joints during walking in individuals with
first MTP joint OA. We found that the shoe-stiffening inserts signif-
icantly decreased first MTP joint maximum dorsiflexion, ankle joint
maximum plantarflexion, and total excursion and increased knee
joint maximum flexion and total excursion compared to the sham
inserts. These findings provide evidence to support the proposed
mechanism by which shoe-stiffening inserts are thought to be
effective at reducing symptoms in individuals with first MTP joint
OA and provide insights into how the inserts may influence the
function of joints proximal to the foot when walking.

A key methodological feature of the randomized trial from
which this study was derived was the use of a sham insert in the
control group. The use of sham inserts in clinical trials of footwear
interventions is necessary to account for contextual effects and to
minimize performance bias and resentful demoralization (27).
However, it is important that the sham device be as biomechani-
cally inert as possible (28). To achieve this, we designed the sham
insert so the carbon fiber component did not extend beyond the
heel to avoid any influence on the first MTP joint, and previous
bench tests indicated that it had no effect on shoe bending stiffness
(17). The results reported here further support the lack of effect of
the sham insert and demonstrate that it had no significant effect
on first MTP, ankle, or hip joint kinematics. At the knee, the sham
insert resulted in a decrease in maximum flexion and total excursion,
although the magnitude of these effects was very small (1.0 and 1.2
degrees, respectively) and unlikely to be functionally significant.

In contrast, the shoe-stiffening insert resulted in significant
reductions in first MTP joint maximum dorsiflexion, ankle joint
maximum plantarflexion, and total excursion and increased knee
joint maximum flexion and total excursion compared to the sham
insert group. The effect size of these changes was medium
for the first MTP and ankle joints and small for the knee.

Figure 2. Sagittal plane kinematics of the first metatarsophalangeal
(MTP) (A), ankle (B), knee (C), and hip (D) joints in the sham insert
group. Values are the mean ± SD. Blue lines indicate shoe-only
condition, broken red lines indicate insert condition. Color figure can
be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24647/abstract.
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The observed effect of the shoe-stiffening insert on first MTP kine-
matics is similar to that in Rao et al (15), who reported a 3-degree
reduction in first MTP range of motion with the use of a full-length
carbon fiber insert in individuals with midfoot OA, and in Lin et al
(9), who reported that the addition of a carbon fiber insert to stan-
dard footwear resulted in a 4-degree reduction in maximum first
MTP joint dorsiflexion in healthy individuals.

The reduction in first MTP joint dorsiflexion while wearing the
shoe-stiffening inserts provides a plausible explanation for their
clinical effectiveness (18). First MTP joint OA is characterized by
localized pain and stiffness that is most commonly experienced
during walking, and on clinical examination, there is typically a
hard end-feel when the joint is fully dorsiflexed (19). Osteophyte
formation most commonly occurs on the dorsal aspect of the first
metatarsal and proximal phalanx, which is thought to result from
increased compression during propulsion (29). By limiting maxi-
mum first MTP joint dorsiflexion, shoe-stiffening inserts may
reduce compressive forces within the joint, thereby alleviating
symptoms.

In addition to evaluating the effect of shoe-stiffening inserts
on the first MTP joint, we also examined the effects on the ankle,
knee, and hip joints. The effects of shoe-stiffening inserts on prox-
imal joints may represent compensations to enable body weight
to progress over the foot during propulsion in the presence of lim-
ited first MTP joint dorsiflexion. From heel lift until toe-off, the first
MTP joint dorsiflexes as the ankle joint plantarflexes, and this syn-
ergistic pattern of movement allows the body to progress for-
wards over the stationary foot (21). Our observation of
decreased ankle joint plantarflexion during propulsion when the
shoe-stiffening insert was worn is similar to the findings of Hall
and Nester (10), Zhang et al (12), and Takahashi et al (13), who
noted that the ankle joint was less plantarflexed during propulsion
when healthy participants wore stiff insoles designed to limit first
MTP joint motion.

At the knee, we found that maximum flexion in stance phase
increased when the shoe-stiffening inserts were worn. Hall and
Nester (10), Zhang et al (12), and Takahashi et al (13) made similar
observations in healthy participants, with Hall and Nester (10)
suggesting that increased knee flexion may be a consequence
of increased tension in the gastrocnemius muscle caused by
increased ankle joint dorsiflexion. However, as we did not observe
any increase in ankle joint dorsiflexion during midstance (the point
in the gait cycle at which maximum knee flexion occurs), this sug-
gestion cannot explain our findings. It is possible that the
increased knee flexion acts to facilitate shock attenuation, as

Figure 3. Sagittal plane kinematics of the first metatarsophalangeal
(MTP) (A), ankle (B), knee (C), and hip (D) joints in the shoe-stiffening
insert group. Values are the mean ± SD. Blue lines indicate shoe-only
condition, broken red lines indicate insert condition. Color figure can
be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24647/abstract.
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previous studies have shown that ground reaction forces are
higher when wearing shoes with harder soles (30), and increasing
knee flexion results in greater impact attenuation (31). Whether
this increase in knee flexion is detrimental is difficult to determine,
although it is worth noting that several studies have shown that
knee symptoms can be influenced by biomechanical changes
induced by footwear interventions (32,33) and that knee pain is
one of the most common adverse effects of shoe-stiffening
inserts (16).

We did not observe any effects of the shoe-stiffening inserts
on hip joint kinematics. Reduced hip extension while wearing
shoe-stiffening inserts has been observed in 2 previous studies
of healthy, young, asymptomatic participants (10,12). Our trial
included relatively older participants (mean age 57.5 years) with
symptomatic radiographic first MTP joint OA, so it is likely that var-
iation in responses to the shoe-stiffening inserts can be at least
partly attributed to these differences in study populations.

This study has several methodological strengths, including
radiographic confirmation of first MTP joint OA, a relatively large
sample size for this type of study, and the use of a sham insert
as the comparator. However, the results of the study should
be interpreted with respect to 4 key limitations. First, as partici-
pants needed to be tested while shod, we used a simplified ver-
sion of the Salford Foot Model (21), which precluded any
analysis of the motion of the midfoot and rearfoot, and we lim-
ited our kinematic analysis to the sagittal plane. Second, the
Conventional Gait Model relies on marker placement to define
the joint centers; however, to minimize this error, all marker
placements were completed by a single assessor experienced
in motion analysis of clinical populations, and markers were
not removed between conditions. Third, we only assessed the
immediate effects of the inserts, and although participants were
allowed a brief familiarization period, it is possible that their
response to wearing the inserts may change over time. Finally,
it is unclear as to whether the observed biomechanical changes
are clinically meaningful.

In conclusion, this study has demonstrated that carbon fiber
shoe-stiffening inserts significantly alter sagittal plane kinematics
of the first MTP and knee joints during walking. These findings
provide insights into the underlying mechanisms that may be
responsible for the reported clinical effectiveness of this treatment
in individuals with first MTP joint OA, although further evaluation of
the main randomized trial from which this study was derived will
provide additional insights into the relationship between these
biomechanical changes and clinical outcomes. These findings
may also partly explain reported changes in symptoms at more
proximal lower extremity joints when carbon fiber shoe-stiffening
inserts are prescribed.
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Knee Confidence Trajectories Over Eight Years and Factors
Associated With Poor Trajectories in Individuals With or at
Risk for Knee Osteoarthritis

Alison H. Chang, Jungwha (Julia) Lee, Orit Almagor, Joan S. Chmiel, Karen W. Hayes, Kirsten C. Moisio,
and Leena Sharma

Objective. To identify distinct trajectories of lack of knee confidence over an 8-year follow-up period and to
examine baseline factors associated with poor trajectories in individuals with or at risk for knee osteoarthritis (OA).

Methods. The Osteoarthritis Initiative is a prospective cohort study of individuals with or at high risk for knee
OA. Confidence in the knees was assessed within the Knee Injury and Osteoarthritis Outcome Score instrument
querying how much the individual is troubled by lack of confidence in his/her knee(s), rated as not-at-all (score = 0),
mildly (score = 1), moderately (score = 2), severely (score = 3), and extremely (score = 4) troubled, reported annually
from baseline to 96 months. Lack of knee confidence was defined as a score of ≥2. We used latent class models to
identify subgroups that share similar underlying knee confidence trajectories over an 8-year period and multivariable
multinomial logistic regression models to examine baseline factors associated with poor trajectories.

Results. Among 4,515 participants (mean ± SD age 61.2 ± 9.2 years, mean ± SD BMI 28.6 ± 4.8 kg/m2; 2,640
[58.5%] women), 4 distinct knee confidence trajectories were identified: persistently good (65.6%); declining (9.1%);
poor, improving (13.9%); and persistently poor (11.4%). Baseline predictors associated with persistently poor
confidence (reference: persistently good) were younger age, male sex, higher body mass index (BMI), depressive
symptoms, more advanced radiographic disease, worse knee pain, weaker knee extensors, history of knee injury and
surgery, and reported hip and/or ankle pain.

Conclusion. Findings suggest the dynamic nature of self-reported knee confidence and that addressing modifi-
able factors (e.g., BMI, knee strength, depressive symptoms, and lower extremity pain) may improve its long-term
course.

INTRODUCTION

Among Americans ≥55 years of age, 40% have frequent

knee pain and/or radiographic knee osteoarthritis (OA) (1). Knee

OA is a leading cause of activity limitation and chronic disability

(2–4). OA at the knee or hip was ranked as the 11th highest con-

tributor to global disability (2), and the disease burden is likely to

increase with growing aging populations. In addition to pain and

stiffness, self-reported instability (5,6) and lacking knee confi-

dence (7–9) are commonly reported by patients with knee OA.
Lack of knee confidence is one’s perception of not being

able to rely on his/her knee(s). Knee confidence can be assessed

using a question from the Knee Injury and Osteoarthritis Outcome

Score (KOOS) (10) regarding how much the individual is troubled

by lack of confidence in his/her knee(s). Among 3,975 men and

women with or at high risk for knee OA, more than one-half were

troubled by some lack of knee confidence, and 23% reported

being moderately, severely, or extremely troubled by this concern

(7). Data from 2 cross-sectional studies of persons with predomi-

nantly moderate-to-severe knee OA demonstrated that lack of

knee confidence was associated with more severe pain during

walking (8,9), worse self-reported knee instability (8), greater

dynamic varus–valgus joint motion during walking (8), weaker

quadriceps (8), self-reported fear of movement (9,11), and poor
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general health (9). Given the central role of the knee in weight-

bearing activities, confidence in knees can influence physical

function and activity participation. Diminished confidence in one’s

ability to rely on his/her knees may limit choices for functional

tasks and curtail physical activity engagement, ultimately leading

to function decline. Worse knee confidence has been associated

with greater likelihood of poor outcomes in baseline to 3-year

self-reported function (7) and baseline to 2-year advanced lower

extremity function (12). Taken together, these findings suggest

that the reports of lacking knee confidence is important in knee

OA and may capture both biological and psychological conse-

quences of the disease and forecast subsequent function

deterioration.
Assessing whether an individual is troubled by lack of knee

confidence is a simple, informative approach to facilitate timely
detection and intervention to preserve function and mobility. Bet-
ter understanding of how knee confidence changes over time
and identification of modifiable factors associated with poor confi-
dence trajectories may inform strategies to prevent function
decline and promote activity participation. In individuals with or
at high risk for knee OA, our aims were to 1) identify distinct trajec-
tories of lack of knee confidence over an 8-year follow-up period,
and 2) examine baseline factors associated with poor trajectories.

PATIENTS AND METHODS

Study sample. The Osteoarthritis Initiative (OAI) (13) is a
prospective observational cohort study of men and women ages
45–79 years at enrollment, all with or at increased risk of develop-
ing symptomatic, radiographic knee OA. Annual OAI evaluations
began in 2004 at 4 clinical sites: Baltimore, MD; Columbus, OH;
Pittsburgh, PA; and Pawtucket, RI. The OAI recruited progression
and incidence cohorts (13). Progression cohort participants were
required to have symptomatic, radiographic knee OA, defined as
the presence of both of the following in at least 1 knee at baseline:

pain, aching, or stiffness in or around the knee on most days for at
least 1 month during the past 12 months; and a definite tibiofe-
moral osteophyte. Incidence cohort participants did not have
symptomatic, radiographic knee OA in either knee at baseline
but had characteristics that placed them at increased risk of
developing it during the study. The age-specific criteria for estab-
lished risk factors included knee symptoms in the past 12months;
being overweight, defined according to sex- and age-specific cut
points for weight; knee injury causing difficulty walking for at least
a week; history of any knee surgery; family history of a total knee
replacement for OA in a biological parent or sibling; Heberden’s
nodes; repetitive knee bending at work or outside of work; and
age 70–79 years. Exclusion criteria (13) were rheumatoid or
inflammatory arthritis; severe bilateral joint space narrowing; uni-
lateral total knee replacement and severe contralateral joint space
narrowing; bilateral total knee replacement or plan for it in the next
3 years; contraindications to magnetic resonance imaging or
inability to fit in the scanner or in the knee coil (i.e., men >285
pounds and women >250 pounds); positive pregnancy test;
inability to provide a blood sample; use of walking aids other than
a single straight cane for >50% of the time during ambulation;
comorbid conditions precluding participation in a 4-year study;
and current participation in a double-blind randomized trial. The
institutional review board at each site approved this study.

Assessment of knee confidence. Knee confidence was
assessed using an item from KOOS, a widely used, valid, and reli-
able self-reported measure developed with an overall goal of eval-
uating short-term and long-term symptoms and function in
patients with knee injury and OA (10,14). We used an item from
the KOOS knee-related quality of life subscale. Participants
responded to the question, “How much are you troubled with
lack of confidence in your knees?” on a 5-point Likert scale: not
at all (score = 1), mildly (score = 2), moderately (score = 3),
severely (score = 4), and extremely (score = 5). Lack of knee con-
fidence was defined as a score of ≥2 (7,15). Knee confidence was
self-reported annually at baseline through the 96-month OAI visit
(up to 9 time points). Responses to the knee confidence question
in the KOOS knee-related quality of life subscale had a weighted
kappa coefficient of 0.84 when queried on 2 occasions, 1 week
apart, suggesting excellent agreement (7).

Assessment of baseline demographic and health-
related predictors. Baseline demographic and health-related
variables were selected for analysis based on plausible rationale
and/or previous literature concerning lack of knee confidence in
individuals with or at high risk for knee OA. Body mass index
(BMI) was computed using body weight in kilograms measured
on a standard balance beam scale and height in meters on a
wall-mounted stadiometer (13). Race was self-reported (White or
Caucasian, Black or African American, Asian, and other non-
White). Comorbidity was assessed by an adaptation of the

SIGNIFICANCE & INNOVATIONS
• Reports of lacking confidence in one’s knee are

common and may capture both biological and psy-
chological consequences of knee osteoarthritis
(OA) and forecast subsequent function decline.

• Four distinct knee confidence trajectories over an
8-year follow-up period were identified in 4,515
men and women with or at risk for knee OA.

• Managing body mass index, knee strength, depres-
sive symptoms, and lower extremity joint pain may
improve the long-term course of knee confidence.

• Unlike knee pain, which remained largely unchanged
over 6 years in previous reports, knee confidence
was dynamic and may be an independent, significant
feature when characterizing the long-term course of
knee symptoms.
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Charlson Comorbidity Index (range 0–10) (16) and depressive
symptoms by the Center for Epidemiologic Studies Depression
Scale (CES-D; range 0–60) (17,18). Fall history (yes versus no)
was ascertained by answering, “During the past 12 months, have
you fallen and landed on the floor or ground?” Self-reported phys-
ical activity level was measured by the Physical Activity Scale for
the Elderly (PASE; range 0–531) (19,20).

Baseline knee radiograph acquisition utilized the posteroan-
terior fixed-flexion weight-bearing protocol with a plexiglass posi-
tioning frame (SynaFlexer) (13). Knee OA disease severity, scored
by Kellgren/Lawrence (K/L) grade (21), was evaluated centrally by
2 experts, blinded to each other’s reading and all other data:
0 (normal), 1 (possible osteophytes), 2 (definite osteophytes, with
possible joint space narrowing), 3 (moderate osteophytes with
definite joint space narrowing, some sclerosis, and possible attri-
tion), and 4 (large osteophytes with marked joint space narrowing,
severe sclerosis, and definite attrition). Knee pain severity was
assessed by the WOMAC (Western Ontario and McMaster Uni-
versities Osteoarthritis Index) (22) pain subscale recorded sepa-
rately in the OAI for the right and left knee (range 0–20). Physical
function was assessed by the WOMAC physical function sub-
scale (range 0–68), also recorded separately for each knee. Iso-
metric knee extensor strength in newtons was quantified using
the Good Strength Chair at 60� knee flexion (13). After 2 warm-
up trials, the best of 3 maximal effort trials was recorded for the
right and the left knee, respectively. Knee injury was queried with
the question, “Have you ever injured either of your knees so badly
that it was difficult for you to walk for at least 1 week?”; knee sur-
gery was queried with the question, “Have you ever had any kind
of knee surgery?” Presence of hip pain (yes versus no) was
assessed separately for the right and left side using the question,
“During the past 12 months, have you had any pain, aching, or
stiffness in or around the hip?” Similar questions were used to
separately ascertain presence of right and left ankle and foot
pain. The 12-month OAI visit data, when available, were used
to infer baseline values for predictor variables missing those
baseline data.

Statistical analysis. To identify distinct trajectories of lack
of knee confidence over an 8-year follow-up interval, we used
latent class models; to assess baseline factors associated with
poor trajectories, we used multivariable multinomial logistic
regression models. Participants who completed baseline and at
least 2 follow-up confidence assessments were included in the
analysis.

Briefly, latent class models (calculated using the statistical
analysis program SAS/Stata traj) (23) identified subgroups that
shared a similar underlying trajectory for the probability of report-
ing lack of knee confidence. When determining the optimal num-
ber of trajectory subgroups, we tested models with different
numbers of subgroups (range 2–5) and forms (linear, quadratic,
and cubic) of potential trajectories. The final number of subgroups

was determined based on the Bayesian Information Criterion
(BIC), trajectory shapes for similarity, and proportion of partici-
pants in each subgroup (≥5%) (24). After identifying the optimal
number of subgroups, the order of the polynomial for each sub-
group was reduced until the parameter estimate of the highest
degree had a P value of less than 0.05. Using the final model,
each participant was assigned to one of the subgroups based
on the maximum posterior predictive probability. We used 4 diag-
nostic measures to determine trajectory model fit, as suggested
by Nagin (25): average posterior probability of assignment for
each group is ≥0.7; odds of correct classification are ≥5.0; the
proportion of a sample assigned to a certain group closely
approximates the proportion estimated by the trajectory model;
and the 99% confidence intervals (CIs) for the estimated propor-
tions are reasonably narrow.

After the trajectory subgroups were identified, we used multi-
variable multinomial logistic regression models to assess the
associations of baseline predictors with being a member in the
poor knee confidence trajectory groups (reference group: good
confidence trajectory). These predictors were: age (continuous
variable); sex (binary); BMI (continuous); race (binary: White ver-
sus non-White); comorbidity (continuous); depressive symptoms
(binary: yes [CES-D score ≥16] versus no); falls in past year
(binary); self-reported physical activity by PASE (continuous);
radiographic disease severity (worse of 2 knees, categorical);
WOMAC knee pain (worse of 2, continuous) and physical function
(worse of 2, continuous); knee extensor strength (worse of 2, con-
tinuous); history of knee injury in either knee (binary) and history of
knee surgery in either knee (binary); and respective presence of
hip, ankle pain, and foot pain in either extremity (binary). We sum-
marized results as adjusted odds ratios and 95%CIs for member-
ship in each trajectory group using the good knee confidence
trajectory as the reference group.

RESULTS

The analysis sample derivation is summarized in Figure 1.
Among 4,515 OAI participants analyzed in the knee confidence
trajectory models, 410 had at least 1 missing baseline demo-
graphic or health-related variable, leaving 4,105 participants with
necessary data for determining the associations between base-
line predictors and trajectory membership. The 4,515 individuals
in the trajectory analysis sample had a mean ± SD age of
61.2 ± 9.2 years and a mean ± SD BMI of 28.6 ± 4.8 kg/m2;
2,640 (58.5%) were women; 3,632 (80.4%) were White or Cauca-
sian; 1,156 (25.6%) had K/L grade of 3–4; their mean ± SD
WOMAC pain score was 3.4 ± 3.7 and WOMAC function score
was 10.4 ± 11.8. The baseline predictor analysis sample
(n = 4,105) did not differ significantly from those who had missing
baseline demographic or health-related variables (n = 410) for BMI
(mean ± SD 28.6 ± 4.8 kg/m2 versus 28.6 ± 4.7; P = 0.93), race
(81.7% versus 79.5% White or Caucasian; P = 0.28), K/L grade
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(26.8% versus 31.1% K/L grade 3–4; P = 0.07), WOMAC pain
score (mean ± SD 3.3 ± 3.6 versus 3.4 ± 3.5; P = 0.90), and
WOMAC function score (mean ± SD 10.3 ± 11.6 versus
11.0 ± 11.5; P = 0.26). However, the baseline predictor analysis
sample was slightly younger (mean ± SD 61.4 ± 9.2 years ver-
sus 62.8 ± 9.1 years; P = 0.002) and had a lower proportion of
female participants (58.0% versus 66.1% women; P = 0.002).

We identified 4 distinct knee confidence trajectories over an
8-year follow-up period (Figure 2): persistently good (n = 2,960,
65.6%); declining (n = 412, 9.1%); poor, improving (n = 628,
13.9%); and persistently poor (n = 515, 11.4%) knee confidence.
The first 2 trajectories (persistently good and declining confi-
dence) were shaped using cubic polynomial orders (P = 0.0002
and <0.0001, respectively). The last 2 trajectories (poor, improv-
ing and persistently poor) were shaped using linear polynomial
orders (P < 0.0001 and = 0.018, respectively). The average pos-
terior probability was 0.93 for the persistently good trajectory
group, 0.71 for the declining group, 0.70 for the poor, improving
group, and 0.87 for the persistently poor group.

Table 1 summarizes the baseline demographic and health-
related variables of the trajectory analysis sample (n = 4,515) by
each trajectory membership. The multivariable multinomial logistic
regression models (Table 2) showed that baseline predictors sig-
nificantly associated with persistently poor confidence (reference
group: persistently good) were younger age, male sex, greater
BMI, presence of depressive symptoms, more advanced radio-
graphic disease, more severe knee pain, weaker knee extensors,

history of knee injury and surgery, and report of hip and ankle
pain. Radiographic disease severity had a graded association
(i.e., the more advanced the disease, the greater likelihood of
being in the persistently poor trajectory). Compared with persis-
tently good confidence, declining knee confidence was signifi-
cantly associated with baseline greater BMI, higher number of
comorbidities, depressive symptoms, more advanced radio-
graphic disease, more severe knee pain, and report of hip pain;
poor, improving trajectory was significantly associated with base-
line younger age, male sex, greater BMI, depressive symptoms,
more advanced radiographic disease, more severe knee pain,
history of knee injury, and hip and ankle pain.

WOMAC pain and function scores were not included in the
same model due to their strong correlation with each other
(Pearson’s and Spearman’s correlation coefficients were 0.85
and 0.82, respectively). We excluded WOMAC function in the
logistic regression models to minimize the effects of multicollinear-
ity. Models including WOMAC function but not pain yielded similar
findings (data not shown).

DISCUSSION

In 4,515 men and women with or at high risk for knee OA fol-
lowed up annually for 8 years, 4 distinct knee confidence trajecto-
ries were identified. The majority (65.6%) had persistently good
knee confidence. The remainders were characterized as declining

Figure 1. Study sample derivations. K/L = Kellgren/Lawrence; OAI = Osteoarthritis Initiative.
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(9.1%); poor, improving (13.9%); and persistently poor (11.4%).
Participants who were younger, male, had higher BMI, depressive
symptoms, more advanced radiographic disease, greater knee
pain intensity, weaker quadriceps, hip pain, and ankle pain were
more likely to be in the persistently poor knee confidence sub-
group (compared with the favorable trajectory of the persistently
good subgroup). We observed a graded association between
K/L grade and membership in the persistently poor subgroup.
Specifically, compared to participants with K/L grade 0, those
with K/L grade 2 were twice as likely to be in the unfavorable sub-
group; those with K/L grade 3, three times as likely; and those
with K/L grade 4, five times as likely. To our knowledge, this is
the first study assessing the longitudinal trajectories of self-
reported knee confidence and factors associated with unfavor-
able trajectories in the setting of knee OA. Addressing modifiable
factors, such as BMI, depressive symptoms, multisite lower
extremity joint pain, and muscle weakness, may help prevent a
long-term course of persistent poor knee confidence and poten-
tially halt a downward spiral of function decline and activity
limitation.

Considering the fluctuating, episodic nature of symptoms
likely experienced by people with knee OA, evaluating confidence
in one’s knee at a single time point may not adequately character-
ize its variable course. Latent class cluster modeling enabled tra-
jectory identification and provided fresh insight into how knee
confidence evolves over time. This type of analysis has been
advocated and applied to pain intensity in knee OA (26,27). Two
studies examined WOMAC pain score trajectories over a 6-year

follow-up interval in the OAI participants and found little change
over time (i.e., nearly flat trajectories) (26,27). No prior research
on knee confidence has examined its long-term longitudinal pat-
terns in the setting of knee OA. Unlike knee pain, which remained
largely unchanged over time, knee confidence was dynamic and
may be an independent, significant feature when characterizing
the long-term course of knee symptoms.

Higher BMI, weaker quadriceps, depressive symptoms, and
more advanced radiographic disease at baseline were each inde-
pendently associated with membership in the persistently poor
confidence trajectory. These results are in keeping with the theo-
retical underpinning that lacking knee confidence encompasses
mechanical, physiologic, and psychological consequences of
knee OA. Increased knee mechanical loading and chronic low-
grade inflammation due to obesity (28,29), coupled with ineffec-
tive muscular stabilization (8), may trigger frequent sensations of
unsteady or wobbly knees during weight-bearing activities, thus
negatively impacting a person’s confidence in his/her knees. The
bidirectional relationship of depressive symptoms with chronic
pain (30) and with physical inactivity (31) has been demonstrated
in observational studies. Besides pain and limited physical activity,
the presence of depressive symptoms itself could also adversely
skew the perception of how reliable one’s knees are in a variety
of physical environments. In the current study, the presence of
depressive symptoms was associated with a 3-fold increase in
the odds of being in the persistently poor confidence trajectory
group. There was a strong dose-response association between
disease severity by K/L grade and being in unfavorable knee

Figure 2. Four distinct knee confidence trajectories over an 8-year follow-up period. The horizontal axis shows the time points from baseline to
96 months; the vertical axis shows the probability of lacking knee confidence, ranging from 0 to 1. For example, for members in the Persistently
Good group (blue), the probability of lacking knee confidence was low, <0.05 throughout 8 years; whereas for members in the Persistently Poor
group (orange), the probability of lacking knee confidence was high, ~0.80 throughout 8 years. In each line, circles represent the actual probability
of lacking knee confidence at each time point. Solid lines indicate the estimated probability of each fitted trajectory over time. Dotted lines indicate
95% confidence intervals. The number of participants at each time point within each trajectory group is summarized in the table below the figure.
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confidence trajectories. For example, the odds of being a member
in the persistently poor trajectory group increased from 2-fold in
those with K/L grade 2 to 5-fold in those with K/L grade 4. The
discordant structure–pain relationship in knee OA is widely
reported (32–34). Self-reported lack of knee confidence could
serve as an additional multifaceted symptommarker for determin-
ing disease impact and tracking disease course.

It is not surprising that local impairments, such as WOMAC
knee pain intensity, history of knee injury, and history of knee sur-
gery, were associated with poor knee confidence trajectories. For
every 1-unit increase in the WOMAC pain score, there was a 38%
elevated likelihood of belonging in the worst trajectory group. This
finding is consistent with previous research demonstrating a rela-
tionship between pain severity and lacking knee confidence (8,9).
History of knee injury is a widely recognized risk factor for the
development of knee OA (35,36). Its negative impact on long-
term knee confidence, shown in our study, underscores the need

for knee injury prevention before and after knee OA development.
Hip pain and ankle pain also played a distinct deleterious role.
Functioning synergistically with the knee to support body weight
and carry out locomotive tasks, the hip and ankle joints are impor-
tant contributors to postural and movement balance and stability
(37,38). Evaluation and intervention approaches for knee OA
may need to consider concomitant hip or ankle symptoms to
boost knee confidence during activities of daily living. Compared
with women, men were 64% more likely to be in the poor trajec-
tory. Among older adults, men are more likely to participate in
moderate-to-vigorous intensity physical activities (39–41) and
may perform more physically demanding occupational tasks than
women, hence frequently encountering challenging situations
where they felt uncertain whether they could rely on their knees.
A similar sex difference in kinesiophobia, defined as fear of move-
ment, was also observed in patients with chronic musculoskeletal
pain (42). Intuitively, knee confidence may deteriorate with

Table 1. Sample characteristics (baseline demographic and health-related factors)*

Baseline factor
Overall

(n = 4,515)

Persistently
good

(n = 2,960,
65.6%)

Declining
(n = 412,
9.1%)

Poor,
improving
(n = 628,
13.9%)

Persistently
poor

(n = 515,
11.4%)

Age, mean ± SD years† 61.2 ± 9.2 61.6 ± 9.2 61.2 ± 9.0 60.7 ± 9.4 59.4 ± 8.9
Women 2,640 (58.5) 1,739 (58.8) 239 (58.0) 351 (55.9) 311 (60.4)
BMI, mean ± SD kg/m2 (n = 4,511)† 28.6 ± 4.8 27.8 ± 4.5 29.3 ± 4.6 30.0 ± 4.8 31.0 ± 5.3
Race (n = 4,511)†
White or Caucasian 3,632 (80.5) 2,509 (84.8) 317 (76.9) 465 (74.0) 341 (66.5)
Black or African American 769 (17.0) 389 (13.2) 80 (19.4) 140 (22.3) 160 (31.2)
Asian 40 (0.9) 28 (0.9) 5 (1.2) 6 (1.0) 1 (0.2)
Other non-White 70 (1.6) 32 (1.1) 10 (2.4) 17 (2.7) 11 (2.1)

Comorbidity, mean ± SD (n = 4,461;
range 0–10)†

0.4 ± 0.8 0.3 ± 0.8 0.6 ± 1.1 0.8 ± 0.9 0.6 ± 1.0

Depressive symptoms, CES-D score ≥16
(n = 4,461)†

432 (9.7) 166 (5.7) 48 (11.9) 94 (15.3) 124 (24.6)

Falls in past year, yes (n = 4,496)† 1,493 (33.2) 912 (30.9) 155 (37.7) 215 (34.5) 211 (41.1)
PASE physical activity score, mean ± SD

(n = 4,489; range 0–531)
162.0 ± 82.0 162.0 ± 79.5 165.4 ± 82.4 164.8 ± 87.9 155.4 ± 87.6

K/L grade (n = 4,399)†
0 1,226 (27.9) 991 (34.3) 73 (18.3) 93 (15.2) 69 (13.9)
1 687 (15.6) 521 (18.0) 52 (13.0) 78 (12.8) 36 (7.2)
2 1,330 (30.2) 841 (29.1) 126 (31.6) 196 (32.1) 167 (33.6)
3 868 (19.7) 441 (15.2) 110 (27.6) 161 (26.4) 156 (31.4)
4 288 (6.5) 98 (3.3) 38 (9.5) 83 (13.6) 69 (13.9)

WOMAC pain score, mean ± SD
(range 0–20)†

3.4 ± 3.7 2.1 ± 2.6 4.3 ± 3.6 5.3 ± 3.9 7.4 ± 4.2

WOMAC function score, mean ± SD
(n = 4,514; range 0–68)†

10.4 ± 11.8 6.1 ± 8.3 13.8 ± 11.5 16.8 ± 12.0 24.4 ± 13.6

Knee extensor strength, mean ± SD
newtons (n = 4,348)†

313.1 ± 123.4 321.2 ± 119.6 308.1 ± 128.9 306.5 ± 129.1 279.5 ± 127.3

History of knee injury, yes (n = 4,482)† 1,849 (41.3) 1,065 (36.2) 187 (45.7) 314 (50.5) 283 (55.6)
History of knee surgery, yes (n = 4,510)† 1,014 (22.5) 524 (17.7) 111 (27.0) 198 (31.6) 181 (35.3)
Hip pain, yes (n = 4,514)† 1,077 (23.9) 570 (19.3) 132 (32.0) 184 (29.3) 191 (37.1)
Ankle pain, yes† 358 (7.9) 148 (5.0) 43 (10.4) 77 (12.3) 90 (17.5)
Foot pain, yes† 405 (9.0) 205 (6.9) 46 (11.2) 71 (11.3) 83 (16.1)

* Values are the number (%) unless indicated otherwise. BMI = body mass index; CES-D = Center for Epidemiologic Studies Depression Scale;
K/L = Kellgren/Lawrence; PASE = Physical Activity Scale for the Elderly; WOMAC = Western Ontario and McMaster Universities Osteoarthritis
Index.
† There were statistically significant differences for these variables among 4 trajectory groups (P < 0.05).
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age-related weakness and declining general health, but we found
a link between younger age and poor trajectory membership. This
inconsistent result could be plausibly attributed to a difference in
expectation. Active younger participants may have high expecta-
tion of their knees’ dependability and are more troubled by the
inability or unpredictability to trust them during activities. It is also
possible that highly sedentary older adults may have limited
opportunity to gauge knee confidence in their daily movements.

Determining baseline factors associated with knee confi-
dence decline versus remaining good throughout the 8-year
follow-up period may help identify those at risk for deterioration
and enable early intervention. In a post hoc pairwise comparison,
greater BMI, higher number of comorbidities, depressive symp-
toms, more advanced radiographic disease, more severe knee
pain, and presence of hip pain were each associated with being
in the declining trajectory group (versus persistently good).

Reports of lacking knee confidence are common, fluctuate
over time, and may capture biological and psychological impair-
ments in adults with or at high risk for knee OA. Clinicians may
consider including inquiry about knee confidence in patient
encounters. Modifiable factors, such as BMI, knee strength,
depressive symptoms, knee pain, hip pain, and ankle pain may
represent important therapeutic targets to improve knee confi-
dence course for preserving function and mobility in individuals
with or at high risk for knee OA. A multimodal, biopsychosocial
intervention, such as weight loss, strength and stability training,
movement retraining, multisite pain management, and cognitive

behavioral therapy, may improve the long-term course of knee
confidence and promote better function and activity participation.

A major strength of this study is the large, well-characterized,
multiple-community–recruited OAI cohort followed up annually
over many years. This comprehensively assessed, longitudinal
cohort database is well suited for applying latent class cluster
models to identify dynamic courses of knee confidence. Assess-
ing lacking knee confidence provides important insight into an
individual’s perception of how dependable or reliable his/her
knees are in daily function. This simple measure may serve as an
adjunct to standard numerically rated pain assessment in clinical
practice. While leveraging the OAI cohort strengthened this study,
limitations must also be acknowledged. Kinesiophobia is cross-
sectionally linked to lacking knee confidence (9,11) and could lie
in the causal pathway between baseline predictors (e.g., history
of knee injury) and poor confidence trajectories but was not col-
lected in the OAI. Self-efficacy refers to an individual’s belief in
his/her capacity to execute behaviors necessary to produce per-
formance attainment and reflects confidence in the ability to exert
control over one’s own motivation, behavior, and social environ-
ment (43). Knee confidence may be closely related to self-effi-
cacy, which was not assessed in the OAI. Availability of these
data would have allowed exploration of the interplay among these
factors. Approximately 9% of participants (n = 410) did not have a
complete set of baseline predictor variables and therefore were
excluded from the logistic regression analysis. However, the full
sample (n = 4,515) and the baseline predictor sample

Table 2. Associations of baseline predictors (independent variables) with membership in each of the knee confidence trajectory groups
(ref. group: membership in the persistently good knee confidence trajectory)*

Baseline predictor

Declining
knee confidence

Poor, improving
knee confidence

Persistently poor
knee confidence

(n = 382) (n = 572) (n = 453)

Age, years 0.99 (0.97–1.00) 0.98 (0.97–0.99)† 0.96 (0.95–0.98)†
Sex (ref. = men) 0.91 (0.69–1.21) 0.77 (0.60–0.99)† 0.65 (0.49–0.88)†
BMI, kg/m2 1.04 (1.01–1.07)† 1.05 (1.03–1.08)† 1.08 (1.05–1.11)†
Other races (ref. = White) 0.92 (0.68–1.24) 0.91 (0.70–1.18) 0.80 (0.60–1.09)
Comorbidity (range 0–10) 1.20 (1.07–1.35)† 1.07 (0.95–1.20) 1.04 (0.90–1.19)
Depressive symptoms (≥16 versus <16) 1.73 (1.19–2.53)† 2.11 (1.53–2.92)† 3.29 (2.33–4.63)†
Falls (yes versus no) 1.26 (1.00–1.59) 1.04 (0.84–1.29) 1.19 (0.93–1.52)
PASE physical activity score (range 0–531) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
K/L grade 1 (ref. = K/L grade 0) 1.14 (0.77–1.69) 1.48 (1.04–2.10)† 0.91 (0.56–1.47)
K/L grade 2 (ref. = K/L grade 0) 1.70 (1.23–2.35)† 1.93 (1.43–2.61)† 2.01 (1.39–2.90)†
K/L grade 3 (ref. = K/L grade 0) 2.40 (1.67–3.46)† 2.79 (2.01–3.89)† 3.18 (2.14–4.73)†
K/L grade 4 (ref. = K/L grade 0) 3.28 (2.00–5.39)† 4.58 (2.99–7.01)† 5.04 (3.08–8.26)†
WOMAC pain score (range 0–20) 1.19 (1.15–1.23)† 1.27 (1.23–1.31)† 1.38 (1.33–1.43)†
Knee extensor strength, newtons 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.997 (0.996–0.998)†
History of knee injury (yes versus no) 1.25 (0.98–1.59) 1.42 (1.15–1.76)† 1.70 (1.31–2.19)†
History of knee surgery (yes versus no) 1.13 (0.85–1.50) 1.22 (0.96–1.57) 1.40 (1.05–1.86)†
Hip pain (yes versus no) 1.55 (1.20–1.99)† 1.27 (1.003–1.60)† 1.40 (1.07–1.83)†
Ankle pain (yes versus no) 1.39 (0.92–2.11) 1.75 (1.22–2.50)† 1.98 (1.34–2.92)†
Foot pain (yes versus no) 1.10 (0.75–1.61) 0.82 (0.57–1.18) 0.90 (0.61–1.34)

* Values are the adjusted odds ratio (95% confidence interval) from multivariable multinomial logistic regression model results;
n = 4,105. BMI = body mass index; K/L = Kellgren/Lawrence; PASE = Physical Activity Scale for the Elderly; ref. = reference;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Odds ratio with associated 95% confidence interval that excludes 1.0 is considered statistically significant.
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(n = 4,105) shared very similar baseline demographic and health-
related characteristics. Additional sensitivity analysis using the
baseline predictor sample identified the same 4 knee confidence
trajectory groups over 8 years. Last, the results of the present
study may not be generalized to those without knee OA or at risk
for the disease.

We identified 4 distinct knee confidence trajectories in 4,515
adults with or at high risk for knee OA followed up annually for an
8-year period: persistently good; declining; poor, improving; and
persistently poor knee confidence. Being younger, male, and hav-
ing worse disease and history of knee injury and surgery at base-
line were each associated with persistently poor trajectory
membership. Baseline modifiable factors associated with poor
trajectories included greater BMI, depressive symptoms, weaker
quadriceps, and knee, hip, and ankle pain. These findings sug-
gest the dynamic nature of self-reported knee confidence, and
addressing modifiable factors may improve its long-term course.
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Prognostic Factors for Health Outcomes After Exercise
Therapy and Education in Individuals With Knee and Hip
Osteoarthritis With or Without Comorbidities: A Study of
37,576 Patients Treated in Primary Care

Kenneth Pihl,1 Ewa M. Roos,2 Rod S. Taylor,3 Dorte T. Grønne,2 and Søren T. Skou1

Objective. To identify prognostic factors for health outcomes following an 8-week supervised exercise therapy and
education program for individuals with knee and hip osteoarthritis (OA) alone or with concomitant hypertension, heart
or respiratory disease, diabetes mellitus, or depression.

Methods. We included individuals with knee and/or hip OA from the Good Life With OsteoArthritis in Denmark
(GLA:D) program. GLA:D consists of 2 patient education sessions and 12 supervised exercise therapy sessions. Before
GLA:D, participants self-reported any comorbidities and were categorized into 8 comorbidity groups. Twenty-one
potential prognostic factors (demographic information, clinical data, and performance-based physical function) gath-
ered from participants and clinicians before the program were included. Outcomes were physical function using the
40-meter Fast-Paced Walk Test (FPWT), health-related quality of life using the 5-level EuroQol 5-domain (EQ-5D-5L)
index score, and pain intensity using a visual analog scale (VAS; range 0–100) assessed before and immediately after
the GLA:D program. Within each comorbidity group, associations of prognostic factors with outcomes were estimated
using multivariable linear regression.

Results. Data from 35,496 (40-meter FPWT) and 37,576 (EQ-5D-5L and VAS) participants were included in the
analyses. Clinically relevant associations were demonstrated between age, self-efficacy, self-rated health, and pain
intensity and change in 40-meter FPWT, EQ-5D-5L, or VAS scores across comorbidity groups. Furthermore, anxiety,
education, physical function, and smoking were associated with outcomes among subgroups having depression or
diabetes mellitus in addition to OA.

Conclusion. Age, self-efficacy, self-rated health, and pain intensity may be prognostic of change in health out-
comes following an 8-week exercise therapy and patient education program for individuals with OA, irrespective of
comorbidities.

INTRODUCTION

International treatment guidelines recommend exercise ther-

apy and patient education as first-line treatment of knee or hip

osteoarthritis (OA) (1,2). This is supported by several randomized

controlled trials showing that exercise therapy is effective in

reducing pain intensity and improving physical function and qual-

ity of life (3,4).
Still, substantial heterogeneity is observed in treatment

effects between individuals, with ~50% reported to fail in

responding to the treatment (5). The reason for the difference in

outcomes after exercise therapy is largely unknown, although
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factors such as age, sex, level of physical activity, and anxiety may

be associated with outcomes. However, findings are inconsistent

across studies (6–10).
In addition to their knee or hip problems, individuals with OA

often have other long-term conditions (11,12), with heart failure,
coronary heart disease, hypertension, diabetes mellitus, chronic
obstructive pulmonary disease, and depression being some of
the most common (11–14). These conditions share several simi-
larities with OA. They are among the leading causes of global dis-
ability affecting millions of people in the world (15), and exercise
therapy is an effective and recommended treatment for all the
conditions (16–21). Furthermore, some of the same factors as
for OA (e.g., age and anxiety) have been reported to be associ-
ated with outcomes after exercise therapy in individuals with heart
failure, coronary heart disease, or diabetes mellitus (22,23). For
most of the conditions, however, knowledge of potential prog-
nostic factors is sparse. Importantly, whether prognostic factors
for the outcomes after exercise therapy in individuals with OA
and specific comorbidities are the same as in those without
comorbidities is currently unknown.

A deeper understanding of what factors might be prognostic
of the outcomes after exercise therapy and education in individ-
uals with knee or hip OA with or without comorbidities may
improve the identification of individuals who benefit from exercise
and education and be used to tailor treatment based on individual
characteristics to potentially optimize outcomes (24). Thus, we
aimed to identify potential prognostic factors for health outcomes

(function, quality of life, and pain) following an 8-week exercise
therapy and patient education program in individuals with knee
or hip OA alone or in combination with heart or respiratory dis-
ease, hypertension, diabetes mellitus, or depression.

PATIENTS AND METHODS

Study design. We used registry data from the Good Life
With OsteoArthritis in Denmark (GLA:D) program in an explorative
cohort design to investigate potential prognostic factors for health
outcomes following an exercise therapy and education program.
The GLA:D program is an ongoing nationwide treatment program
for individuals with knee and hip OA and consists of 2 patient edu-
cation sessions followed by twelve 60-minute sessions of neuro-
muscular exercise (twice weekly; 6 weeks) supervised by
physical therapists certified to deliver the treatment program and
evaluate the effects using predefined and validated outcomes
prior to the program, immediately after the program (~3 months)
and at 12 months. GLA:D has previously been described in detail,
including participant characteristics, treatment, and outcomes
(25,26). The Danish Data Protection Agency has previously
approved the GLA:D registry, and all participants have consented
to submitting their data to the registry, whereas ethics approval of
GLA:D is unneeded according to the local ethics committee of the
North Denmark Region.

The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline (27), with minor adaptations
from the Reporting Recommendations for Tumor Marker Prog-
nostic Studies (REMARK) guideline (28), was followed to report
the study (Table 1).

Participants. Individuals with knee or hip joint pain or func-
tional impairments that result in contact with the health care sys-
tem and not meeting any of the following exclusion criteria are
eligible for GLA:D: 1) another reason for the joint symptoms than
OA as evaluated by a physical therapist, e.g., inflammatory joint
disease or patellar tendinopathy; 2) other symptoms that are
more pronounced than the OA symptoms, e.g., chronic general-
ized pain or fibromyalgia; and 3) unable to understand Danish.

For the present study, participants had to have complete
baseline data for all outcomes and the comorbidities of interest
to be included. Only data from participants enrolled in the GLA:D
program in the period from July 1, 2014 to October 31, 2019
were used, as no information on comorbidities were collected
before this period.

Comorbidity groups. Prior to the GLA:D program, partici-
pants were asked to indicate if they had any of the following
comorbidities (i.e., the comorbidities of interest in the present
study): hypertension, heart diseases, respiratory diseases, diabe-
tes mellitus (type 1 or 2), and depression. These conditions have
previously been reported as some of the most prevalent somatic

SIGNIFICANCE & INNOVATIONS
• To our knowledge, this is the first study that investi-

gates potential prognostic factors for different
health outcomes following an exercise and
education program in individuals with knee and
hip osteoarthritis (OA) stratified for concomitant
comorbidities.

• Irrespective of comorbidities, higher age and pain
intensity were associated with less improvement,
while higher self-efficacy and self-rated health were
associated with larger improvement after the exer-
cise therapy and education program.

• Concomitant diabetes mellitus and/or depression
in individuals with OAmay have an effect-modifying
effect on the association between prognostic fac-
tors such as anxiety, education, physical function,
and smoking and outcomes after the exercise ther-
apy and education program.

• Although the findings of this exploratory analysis
need to be confirmed in future studies, the identi-
fied prognostic factors, and possible effect-
modifying nature of some of the comorbidities,
may be used clinically to better target individuals
with OA and comorbidities to improve outcomes
from an exercise therapy and education program.
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and psychiatric conditions in the GLA:D register (12), and exercise
therapy is part of the recommended treatment (16–21). Partici-
pants were grouped by comorbidity pattern. Because of a total
of 32 comorbidity patterns, where the majority only contained
few participants, we only included the 7 most prevalent comor-
bidity patterns in this study and additionally collapsed patterns
that included hypertension with the same pattern that did not
include hypertension (e.g., diabetes mellitus plus hypertension
was collapsed with diabetes mellitus alone). As a result, 8 groups
constituting 98% of the participants from the GLA:D registry
were defined: 1) knee or hip OA only, and hip or knee OA plus
the following: 2) hypertension; 3) heart diseases; 4) respiratory
diseases; 5) diabetes mellitus; 6) depression; 7) heart plus respi-
ratory diseases; or 8) heart diseases plus diabetes mellitus.
Groups 3–8 included participants with or without concomitant
hypertension.

Outcomes. The following 3 outcomes were used: objec-
tively assessed physical function; self-reported health-related
quality of life; and self-reported mean pain intensity during the last
month in the most affected joint. All were assessed at baseline
and immediately after the 8 weeks of supervised exercise therapy
and education (~3 months). Physical function was assessed by
the physical therapist using the 40-meter Fast-Paced Walk Test
(FPWT, meters/second), which is recommended by the Osteoar-
thritis Research Society International as a performance-based
function test for knee and hip OA (29). Health-related quality of life
was reported using the 5-level EuroQol 5-domain (EQ-5D-5L)
questionnaire (30), which was scored using the Danish crosswalk
value set (ranges from –0.624 to 1.000, corresponding to worst to
best health), while mean pain intensity during the last month was
reported by participants on a 100-mm visual analog scale (VAS,
range 0 [no pain] to 100 [maximum pain]) (31).

Prognostic factors. Potential prognostic factors were
gathered from participants and physical therapists as part of the
baseline questionnaires in GLA:D. Among factors available, we
included 21 factors covering demographic information, clinical
data, and performance-based physical function (Table 1). The
inclusion of factors was based on clinical reasoning and/or pub-
lished literature suggesting an association with outcomes for the
individual conditions, as no previous studies explicitly investigat-
ing prognostic factors in individuals with multiple conditions have
been identified. A detailed description of factors is available in
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24722,
while response categories are shown in Table 2.

Statistical analysis. Multiple imputation. Missing values
for the prognostic factors at baseline and the outcomes at
follow-up were imputed for each comorbidity group separately
using multiple imputation with chained equations (32) under the

assumption of data being missing at random (33). The multiple
imputation models included all outcomes (i.e., 40-meter FPWT,
EQ-5D-5L, and VAS) at baseline and follow-up, all prognostic fac-
tors, and as auxiliary variable (i.e., not included in the primary
models) the most affected joint variable was included. The
assumption of linearity for continuous and ordered categorical
factors was visually examined using scatter plots with lowess
smoothing line (34), and if unfulfilled, they were included as cate-
gorical factors. Continuous variables were imputed using linear
regression, semicontinuous variables (i.e., variables in which a
substantial fraction of values are equal, e.g., 1 or 0; in this study,
the variables EQ-5D-5L and VAS scores) using predictive mean
matching, ordered categorical factors using ordered logistic
regression, nominal categorical factors using multinomial logistic
regression, and binary variables using logistic regression. The MI
package in Stata, version 16.1, was used to generate 35 and
25 imputed data sets approximately equal to the proportion of
missing data for FPWT, EQ-5D-5L, and VAS scores, respectively
(Table 1) (32).

Main analyses. In the main analyses, potential prognostic
factors’ association with outcome immediately after the GLA:D
program were investigated using linear regression. For each out-
come (i.e., the dependent variable) a linear regression model
was fitted in the group with OA only and additionally in each
comorbidity group separately. Both univariable (i.e., including
each prognostic factor separately; see Supplementary
Tables 2–4, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24722) and multi-
variable regression models (i.e., including all factors) were fitted
(Table 1). Continuous and ordered categorical factors were han-
dled as continuous in the models after visual inspection using
scatter plots revealed no serious nonlinearity, except for bodily
pain, which was included as categorical. Certain categories in
categorical factors were collapsed due to sparse data. All models
were adjusted for baseline outcome scores and fitted across the
imputed data sets with coefficients and 95% confidence intervals
(95% CIs) estimated using Rubin’s rules (35). The models that
included individuals with OA only were considered as primary,
while any differences in prognostic effects of factors between
these and the specific comorbidity groups were tested using
interaction terms between the specific factors and groups
(no comorbidities versus comorbidities), with P values less than
or equal to 0.05 considered statistically significant.

In addition to the main analyses, 3 sensitivity analyses were
carried out. First, the impact of combining individuals with knee
and hip OA was explored by repeating all analyses excluding
those with hip OA. Secondly, the impact of combining patterns
with and without the coexistence of hypertension was explored
by repeating analyses conditioning for hypertension; and last, a
complete case analysis using only participants with complete
data at all time points was conducted to explore the impact of
missing data (Table 1).
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Prior to all analyses, exposure variables (i.e., prognostic fac-
tors) were investigated for collinearity by calculating variance infla-
tion factors (VIFs). The level of collinearity was considered
unproblematic if themean VIF and individual VIFs were ≤5 and ≤10,

respectively (36). Model assumptions (i.e., residuals being normally
distributed, linearity, and homoscedasticity) were assessed using
quantile–quantile plots and scatter plots of residuals and predicted
values.

Table 2. Baseline characteristics of included participants with and without comorbidities (hypertension, heart and respiratory diseases, diabetes
mellitus, and depression) in the analyses for EQ-5D/VAS and 40-meter FPWT, respectively*

Characteristic

EQ-5D and VAS 40-meter FPWT

OA only
(n = 19,927)

OA +
comorbidities
(n = 17,649)

OA only
(n = 18,793)

OA +
comorbidities
(n = 16,703)

Age, mean ± SD years 63.2 ± 10.0 67.4 ± 8.8 63.3 ± 10.0 67.4 ± 8.7
Female 14,759 (74) 12,024 (68) 13,910 (74) 11,373 (68)
BMI, mean ± SD kg/m2 27.4 ± 5.0 29.4 ± 5.5 27,4 ± 5.0 29.4 ± 5.5
Educational level
Primary school 2,954 (15) 3,784 (21) 2,785 (15) 3,598 (22)
Secondary school 2,168 (11) 2,025 (11) 2,040 (11) 1,926 (12)
Short-term education† 3,978 (20) 3,446 (20) 3,754 (20) 3,248 (19)
Middle-term education‡ 8,318 (42) 6,578 (37) 7,853 (42) 6,224 (37)
Long-term education§ 2,505 (13) 1,809 (10) 2,357 (13) 1,700 (10)

Born in Denmark 19,109 (96) 17,011 (96) 18,023 (96) 16,089 (96)
Living alone 4,583 (23) 5,106 (29) 4,323 (23) 4,843 (29)
Employment status
Employed/student 7,814 (39) 3,801 (22) 7,333 (39) 3,577 (21)
On sick leave (full or part time) 908 (5) 847 (5) 860 (5) 796 (5)
Unemployed 395 (2) 363 (2) 374 (2) 343 (2)
Retired (including if due to inability to work) 10,808 (54) 12,637 (72) 10,223 (54) 11,985 (72)

Smoking 1,843 (9) 1,592 (9) 1,760 (9) 1,506 (9)
Physical activity level
Inactive 405 (2) 604 (3) 377 (2) 554 (3)
Low (e.g., walking and limited housework) 5,051 (25) 5,843 (33) 4,766 (25) 5,531 (33)
Moderate (e.g., swimming and unlimited housework) 7,391 (37) 6,425 (36) 6,994 (37) 6,068 (36)
High (e.g., prolonged biking and fitness) 5,587 (28) 3,937 (22) 5,258 (28) 3,754 (22)
Very high (e.g., running, tennis, and skiing) 1,486 (7) 831 (5) 1,389 (7) 784 (5)

Pain in other knee or hip joints
Bilateral joint (from most affected joint) 6,979 (35) 6,180 (35) 6,576 (35) 5,868 (35)
Hip or knee¶ 3,334 (17) 3,268 (19) 3,147 (17) 3,092 (19)
Bilateral joint and hip or knee¶ 827 (4) 882 (5) 787 (4) 839 (5)

Duration of symptoms in most affected joint
0–6 months 5,173 (29) 4,649 (29) 4,855 (29) 4,364 (29)
7–12 months 3,544 (20) 2,976 (19) 3,317 (20) 2,788 (19)
13–48 months 5,160 (29) 4,636 (29) 4,890 (29) 4,426 (30)
>48 months 3,828 (22) 3,504 (22) 3,620 (22) 3,331 (22)

Prior injury in most affected joint 9,163 (47) 7,998 (46) 8,643 (47) 7,553 (46)
Prior surgery in most affected joint 4,603 (23) 3,475 (20) 4,353 (23) 3,294 (20)
No. of bodily pain areas
1–2 6,351 (44) 5,189 (41) 5,980 (44) 4,920 (41)
3–4 3,844 (26) 3,468 (27) 3,645 (27) 3,31 (28)
5–6 1,793 (12) 1,611 (13) 1,694 (12) 1,533 (13)
≥7 2,132 (15) 2,045 (16) 2,013 (15) 1,922 (16)

No. of other comorbidities#
1 4,749 (24) 4,864 (28) 4,468 (24) 4,612 (28)
2 788 (4) 1,100 (6) 738 (4) 1,043 (6)
≥3 136 (1) 234 (1) 132 (1) 216 (1)

Use of analgesics within recent 3 months** 12,102 (61) 11,917 (68) 11.452 (61) 11.295 (68)
Anxious/depressed
Slightly 3,212 (16) 3,081 (17) 3,034 (16) 2,904 (17)
Moderately 784 (4) 1,110 (6) 731 (4) 1,047 (6)
Severely/extremely 120 (1) 292 (2) 114 (1) 276 (2)

Self-efficacy (ASES), mean ± SD 69.4 ± 17.6 65.7 ± 18.0 69.4 ± 17.6 65.7 ± 18.0
Self-rated health (EQ-5D VAS), mean ± SD 71.2 ± 18.6 67.1 ± 19.0 71.2 ± 18.5 67.2 ± 19.0

(Continued)
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All analyses were conducted using Stata, version 16.1.
Before commencing the analyses, the statistical analysis plan
was uploaded to the Open Science Framework, where the statis-
tical syntaxes used for the main analyses are also available
(https://osf.io/ua5rp/).

RESULTS

Data from a total of 35,496 (40-meter FPWT) and 37,576
(EQ-5D-5L and VAS) participants were included in the analyses,
with missing data for the outcomes at follow-up ranging between
26% and 34%, whereas missingness for most prognostic factors
was <1% (Table 1). Participants having the comorbidities of inter-
est were on average a little older than the OA-only participants
and had slightly poorer baseline scores in all 3 outcome measures
(Table 2). Characteristics of each comorbidity group separately
are available in Supplementary Tables 5 and 6, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24722.

Physical function (40-meter FPWT). The average
improvement in the 40-meter FPWT for all included participants
from before to after the program was 0.12 meters/second (95%
CI 0.12, 0.13). Of the 21 potential prognostic factors, older age
and female sex were associated with less improvement (–0.04
[95% CI –0.04, –0.03] and –0.04 [95% CI –0.05, –0.03], respec-
tively), which did not statistically differ in the comorbidity groups
(P > 0.05), apart from the hypertension and heart disease groups,
where the association for female sex was weaker than in the OA-
alone group, and for the hypertension group alone, in which the
association of older age was stronger than in the OA-alone group
(Figure 1). Being anxious or depressed was associated with
greater improvement in the diabetes mellitus group but not in
any of the other comorbidity groups, while estimates for prior
injury, self-rated health, and bodily pain areas indicated some
association in the heart plus respiratory disease and heart disease

plus diabetes mellitus groups, accompanied, however, by wide
confidence intervals, indicating large uncertainties concerning
the real effect sizes (Figure 1). Other factors were not associated
with change in 40-meter FPWT scores in the OA-alone group,
with coefficients close to 0.00, and for the majority, statistically
insignificant (P > 0.05) (Figure 1). Results from sensitivity analyses
did not alter the interpretation of the results (see Supplementary
Tables 7–9, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24722).

Health-related quality of life (EQ-5D-5L). Participants
improved on average (0.038 [95% CI 0.036, 0.040]) on the EQ-
5D-5L from before to after the treatment program. In the OA-
alone group, 14 of the 21 factors showed a weak (but statistically
significant) association with change in outcome, with female sex
(0.017 [95% CI 0.013, 0.021]), self-efficacy (0.009 [95% CI
0.008, 0.010]), self-rated health (0.004 [95% CI 0.003, 0.005]),
and pain intensity (–0.004 [95% CI –0.005, –0.003]) having the
strongest associations with change (Figure 2). The results were
similar in most comorbidity groups (no statistically significant dif-
ferences from the OA-alone group), however, there were a few
exceptions. In contrast to the OA-alone group, higher age and
smoking were associated with larger improvements in the
depression group and diabetes mellitus group, respectively. Fur-
ther, higher education and function (40-meter FPWT) showed a
stronger association with improvement in the diabetes mellitus
and depression groups, while pain in other joints and comorbidi-
ties were associated with less improvement in the heart disease
and heart plus respiratory disease groups, respectively, than in
the OA-alone group. Other differences were either minor or
included imprecise estimates (Figure 2). In the complete case
analysis, the observed association of higher age with change in
the depression group nearly vanished, while other results in all
3 sensitivity analyses were as in the main analyses (see Supple-
mentary Tables 10–12, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24722).

Table 2. (Cont’d)

Characteristic

EQ-5D and VAS 40-meter FPWT

OA only
(n = 19,927)

OA +
comorbidities
(n = 17,649)

OA only
(n = 18,793)

OA +
comorbidities
(n = 16,703)

40-meter FPWT, mean ± SD meters/second 1.55 ± 0.33 1.41 ± 0.32 1.55 ± 0.33 1.41 ± 0.32
Quality of life (EQ-5D), mean ± SD (range –0.624 to 1.000) 0.719 ± 0.110 0.697 ± 0.120 0.719 ± 0.110 0.698 ± 0.120
Pain intensity (VAS), mean ± SD (range 0–100 mm) 46.1 ± 22.0 49.2 ± 21.9 46.1 ± 22.0 49.2 ± 21.9

* Values are the number (%) unless indicated otherwise. ASES = Arthritis Self-Efficacy Scale; BMI = bodymass index; EQ-5D = EuroQol 5-domain
(questionnaire); FPWT = Fast-Paced Walk Test; OA = osteoarthritis; VAS = visual analog scale.
† Less than 3 years after secondary school.
‡ Three to 4 years after secondary school.
§ At least 5 years after secondary school.
¶ Hip if most affected joint is knee and vice versa.
# Other comorbidities than hypertension, heart and respiratory diseases, diabetes mellitus, and depression (i.e., ulcer or another bowel dis-
ease, kidney or liver disease, anemia or blood disease, cancer, rheumatoid arthritis, neurologic disease, other medical diseases).
** At least 1 of the following: acetaminophen, oral or topical nonsteroidal antiinflammatory drug, morphine, tramadol, or codeine.
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Pain intensity (VAS). Pain intensity decreased on average
–12.2 mm (95% CI –12.6, –11.9) on the VAS scale from before to
after the GLA:D program. About one-half of the factors were sta-
tistically significantly associated with change in the OA-alone
group (Figure 3). The strongest associations were observed for
higher age and longer duration of symptoms, which were associ-
ated with less pain relief (0.68 [95% CI 0.11, 1.26] and 1.32 [95%
CI 1.01, 1.64], respectively), whereas higher self-efficacy (1.50
[95% CI –1.72, –1.28]), self-rated health (–0.63 [95% CI –0.84,
–0.42]), and physical function (–3.73 [95% CI –4.94, –2.52]) were
associated with greater reduction in pain intensity. In a few
comorbidity groups, some associations differed from the
OA-alone group. In the diabetes mellitus group, the association
of smoking with change was more pronounced and reversed to
greater reduction in pain intensity than in the OA-alone group.

Also, associations of pain in other joints, education, and body
mass index (BMI) differed statistically significantly in the respira-
tory disease, heart plus respiratory disease, and heart disease
plus diabetes mellitus groups, respectively; however, estimates
for these included wide confidence intervals, limiting clear inter-
pretations of the real associations (Figure 3). Results from sensi-
tivity analyses did not alter the interpretation of the results (see
Supplementary Tables 13–15, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24722).

DISCUSSION

Among 21 potential prognostic factors for health outcomes
in individuals with knee or hip OA with or without comorbidities,

Figure 1. Results frommultivariable linear regression for associations with change in function (40-meter Fast-PacedWalk Test [FPWT]) based on
35 imputed data sets (complete data available in Supplementary Table 16, available on the Arthritis Care & Researchwebsite at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24722). As an example, the figure shows that female patients on average improve (i.e., increase) their walking speed
0.04 meters/second less than male patients among those having osteoarthritis (OA) alone. Error bars indicate 95% confidence intervals; circles
represent beta. a = difference per category on a 5-point scale ranging from primary school to long-term education; b = includes full- or part-time
sick leave; c = includes if retired due to inability to work; d = difference per point on a 5-point scale ranging from inactive to very high activity level
(i.e., running, tennis, etc.); e = hip if most affected joint is knee and vice versa; f = difference per point on a 4-point scale ranging 0–6 to >48months;
g = self-reported in most affected joint; h = difference per point on a 4-point scale ranging 0 to ≥3 (other comorbidities than the groups); i = at least
1 of the following: acetaminophen, oral or topical nonsteroidal antiinflammatory drug, morphine, tramadol, or codeine; j = difference per point on a
4-point scale ranging from not at all to severely/extremely. Test for interaction between OA-alone and comorbidity group: k = P ≤ 0.05; l = P ≤ 0.01;
m = P ≤ 0.001. ASES = Arthritis Self-Efficacy Scale (pain and other symptoms); Bilat. = bilateral; BMI = body mass index; DM = diabetes mellitus;
EQ-5D = EuroQol 5-domain (questionnaire); HD = heart disease; HT = hypertension; RD = respiratory disease; VAS = visual analog scale.
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the number of factors statistically significantly associated with
outcomes after exercise therapy and education varied greatly,
and most associations were weak. This was generally observed
across all groups irrespective of coexisting comorbidities. The
most notable exceptions were higher age and pain intensity,
which were associated with less improvement, while higher self-
efficacy and self-rated health were associated with larger
improvement after exercise therapy and education.

This is the first investigation of prognostic factors for health
outcomes following an exercise therapy and education program
in knee or hip OA stratified for specific concomitant chronic condi-
tions. Previous studies have assessed individuals with OA with
and without comorbidities together assuming prognostic effects
of factors being equal across all OA comorbidity groups (6–10).
That might be why a recent study using data from the GLA:D reg-
istry failed to find individualized predictions of changes in different

health outcomes based on baseline characteristics better than
predictions based on group average improvements (37).

Few factors were associated with change in performance-
based physical function (40-meter FPWT), which may partly be
explained by the overall relatively small observed improvement
leaving less room for difference in change within the different fac-
tors. The factors age, sex, and anxiety/depression were the ones
having a potentially relevant association (i.e., not close to null),
however, the latter only in individuals with OA and concurrent dia-
betes mellitus. Similar findings for age and sex were found in a
previous study on individuals with heart conditions (22), whereas
no previous studies on prognostic factors for performance-based
outcomes in OA have been identified.

Several factors were statistically significantly associated with
change in quality of life (EQ-5D-5L), including self-efficacy, self-
rated health, and pain intensity in individuals with OA alone and

Figure 2. Results from multivariable linear regression for associations with change in quality of life (EQ-5D) based on 25 imputed data sets (com-
plete data available in Supplementary Table 17, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24722). As an example, the figure shows that female patients on average improve their quality of life 0.017 points more than male patients
among those having osteoarthritis (OA). Error bars indicate 95% confidence intervals; circles represent beta. a = difference per category on a
5-point scale ranging from primary school to long-term education; b = includes full- or part-time sick leave; c = includes if retired due to inability
to work; d = difference per point on a 5-point scale ranging from inactive to very high activity level (i.e., running, tennis, etc.); e = hip if most affected
joint is knee and vice versa; f = difference per point on a 4-point scale ranging 0–6 to >48 months; g = self-reported in most affected joint; h = dif-
ference per point on a 4-point scale ranging 0 to ≥3 (other comorbidities than the groups); i = at least 1 of the following: acetaminophen, oral or
topical nonsteroidal antiinflammatory drug, morphine, tramadol, or codeine; j = difference per point on a 4-point scale ranging from not at all to
severely/extremely. Test for interaction between OA-alone and comorbidity group: k = P ≤ 0.05; l = P ≤ 0.01; m = P ≤ 0.001 (see Figure 1 for other
definitions).
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across all comorbidity groups, and higher education level and
performance-based physical function in the groups with coexist-
ing depression and diabetes mellitus, respectively. We were
unable to identify any studies investigating prognostic factors for
quality of life after exercise therapy in individuals with OA; how-
ever, a previous study in individuals with diabetes mellitus found
that higher BMI was associated with poorer quality of life (23),
which was unsupported by our study.

Previous studies on individuals with knee or hip OA have
found female sex, higher education and physical activity level, fewer
comorbidities, anxiety, younger age, better physical performance,
shorter duration of symptoms, living with a partner, no previous
surgery, no use of analgesics, and no obesity to be associated with
greater pain relief after a treatment including exercise therapy
(7–10). Associations of the latter 7 are supported by our findings.
Contrary to our study, participants in 2 of the 4 previous studies
also received other treatment modalities than exercise therapy,

and these 2 studies also used univariable analyses for screening
of factors (7,8), which is generally not recommended and known
to produce selection bias (38). Supporting this, the 5 first factors
previously found associated with greater pain relief were all signifi-
cantly associated with pain relief in our univariable analyses but
not in the main multivariable analyses. Furthermore, in 3 of the stud-
ies, most prognostic factors were dichotomized (7–9), which
increases the risk of spurious findings (39,40). Taken together, this
may explain some of the discrepancies between previous studies
and our findings. Adding to previous findings, we found that higher
self-efficacy, self-rated health, and performance-based physical
function were associated with greater pain relief, and that being a
smoker was associated with less pain relief, apart from the diabetic
group, where smoking had the opposite effect.

Although many factors were statistically significantly associ-
ated with improvements in health outcomes in the present study,
the number varied greatly between the different health outcomes,

Figure 3. Results from multivariable linear regression for associations with change in pain (VAS) based on 25 imputed data sets (complete data
available in Supplementary Table 18, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24722).
As an example, the figure shows that those having had prior surgery on average improve (i.e., decrease) their pain intensity 1.38 mm less than
those not having had prior surgery among those having osteoarthritis (OA). Error bars indicate 95% confidence intervals; circles represent beta.
a = difference per category on a 5-point scale ranging from primary school to long-term education; b = includes full- or part-time sick leave; c =
includes if retired due to inability to work; d = difference per point on a 5-point scale ranging from inactive to very high activity level (i.e., running,
tennis, etc.); e = hip if most affected joint is knee and vice versa; f = difference per point on a 4-point scale ranging 0–6 to >48 months; g = self-
reported in most affected joint; h = difference per point on a 4-point scale ranging 0 to ≥3 (other comorbidities than the groups); i = at least 1 of
the following: acetaminophen, oral or topical nonsteroidal antiinflammatory drug, morphine, tramadol, or codeine; j = difference per point on a
4-point scale ranging from not at all to severely/extremely. Test for interaction between OA-alone and comorbidity group: k = P ≤ 0.05; l =
P ≤ 0.01; m = P ≤ 0.001 (see Figure 1 for other definitions).
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and the clinical importance of most associations may be limited. For
the 40-meter FPWT, taking the range of possible values of age, sex,
and anxiety/depression in the present study into account, only
younger age and anxiety/depression may be associated with clini-
cally important improvements in physical function, as other associa-
tions were far from the 0.20–0.30 meters/second previously
reported as clinically important in individuals with hip OA (41). The
minimal clinically important worsening and improvement in EQ-5D-
5L score has been suggested to be 0.05 and 0.07, respectively, in
individuals with knee and hip OA (30), which means that only asso-
ciations found for self-efficacy, self-rated health, and pain intensity
may be clinically important prognostic factors for quality of life in indi-
viduals with OA alone and across comorbidity groups. Additionally,
higher education level and performance-based physical function
were associated with a clinically relevant improvement in quality of
life in the groups with coexisting depression and diabetes mellitus,
respectively, but not in any of the other comorbidity groups or the
OA-alone group. For pain intensity, changes between 7 mm and
37 mm (range 0–100 mm), depending on the baseline level of pain,
may be considered clinically relevant (42), meaning that self-efficacy
may be associated with clinically relevant changes irrespective of
comorbidities. The same is the case for smoking, although only in
individuals with coexisting diabetes mellitus.

Improvements following exercise therapy may be less
affected by individuals’ characteristics and more a result of the
treatment itself and/or contextual factors (43), thus observed dif-
ferences in treatment response may just be due to random vari-
ance. Nevertheless, based on our results, a focus on
nonmodifiable factors such as age, education, etc., may help to
identify those individuals in need of more support than others,
and including education aimed at improving self-efficacy targeted
those with low self-efficacy at baseline may potentially optimize
the use of resources and improve outcomes following exercise
and education in individuals with OA with and without comorbidi-
ties. Furthermore, our findings suggest that the presence of cer-
tain comorbidities has an effect-modifying effect on the
association between some prognostic factors and outcomes,
which should be considered when attempting to predict a treat-
ment response. Yet, given the explorative nature of the present
study, and because it is one of the first studies in the area, results
need to be confirmed. Factors not considered in the present
study, such as kinesiophobia and pain catastrophizing, which
have shown prognostic abilities in other populations (44,45),
should ideally be included in future studies.

Several limitations warrant consideration in the present study.
First, misclassification of prognostic factors may have occurred
and potentially affected any association. However, the degree of
misclassification is likely low, as most factors were self-reported,
and furthermore, they are unlikely to be associated with outcomes
(i.e., nondifferential). Second, the accuracy of comorbidities being
self-reported may be debated, and we were unable to distinguish
between different heart and respiratory diseases and types 1 and

2 diabetes mellitus; thus, it is unknown what specific diseases
these categories mainly comprise. Third, as we included many fac-
tors without any predefined hypotheses, the risk of chance findings
is inherently increased. However, because all factors were included
and retained regardless of their P value, the significance level of
0.05 for each factor was maintained, and data-driven approaches
that are known to produce selection bias (38) were reduced. How-
ever, caution should be taken when interpreting the single esti-
mates. Fourth, as this is a single-arm study, it is unknown if the
observed prognostic factors are prognostic regardless of the spe-
cific treatment or may be predictive of differential treatment
response. Furthermore, as all participants in the present study
received neuromuscular exercises therapy, it is unknown whether
the prognostic ability of factors differs in other exercise programs.

The strengths of this study include the large sample size, the
inclusion of a large number of potential prognostic factors that
were mutually adjusted for in the analyses, and handling the
majority of factors in their original format as opposed to categori-
zation, which has been shown to be suboptimal (39,40). Further-
more, the fact that the data are from a nationwide clinical registry
including patients from urban and rural settings supports the gen-
eralizability of the findings to clinical practice.

In conclusion, higher age and pain intensity displayed clinically
relevant associations with less improvement, while higher self-
efficacy and self-rated health displayed clinically relevant associa-
tions with larger improvement in different health outcomes following
an 8-week exercise therapy and patient education program in indi-
viduals with knee or hip OA alone and across different comorbidity
groups. Additionally, anxiety/depression, education, physical func-
tion, and smoking seem to be prognostic in subgroups with diabe-
tes mellitus and depression. The identified prognostic factors may
be used clinically to better target individuals with OA who gain most
from an exercise and education program.
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Relationship Between Body Mass Index and Osteoarthritis
for Single and Multisite Osteoarthritis of the Hand, Hip, or
Knee: Findings From a Canadian Longitudinal Study on Aging

Elizabeth M. Badley,1 Shatabdy Zahid,2 Jessica M. Wilfong,2 and Anthony V. Perruccio1

Objective. To determine whether an apparent association between hand osteoarthritis (OA) and adiposity is
explained by the presence of OA at other joint sites.

Methods. Data from the Canadian Longitudinal Study on Aging, first cycle, comprehensive cohort, were used.
Respondents age 45–85 years (n = 18,279) were asked separate questions about doctor-diagnosed OA in the hand,
hip, or knee. Multinomial logistic regression was used to investigate the relationship between all combinations of hand,
hip, and knee OA and body mass index (BMI) and waist-to-height ratio (WHtR).

Results. OA was reported by 34.6% of respondents, 28.0% with OA at >1 joint site. Hand OA was not significantly
associated with BMI after accounting for OA at other joint sites, with similar findings for WHtR. All joint site combina-
tions containing the knee were strongly associated with BMI, with odds ratios (ORs) ranging from OR 2.92 (95% confi-
dence interval [95% CI] 2.53–3.37) for knee OA only with obesity class I to OR 9.98 (95% CI 7.12–13.88) for multi-joint
knee, hip, hand OA with obesity class II/III. BMI distributions including knee OA were broader and shifted to higher BMI
levels than those for hand or hip OA.

Conclusion. Apparent associations between hand OA and BMI may be explained by concurrent OA at other joint
sites. Recognizing that OA is a multi-joint disease is crucial for studies of the associations of adiposity with OA in a
particular joint, especially the hand. The association between knee OA and BMI appears to be distinct from those for
OA at other joint sites.

INTRODUCTION

It is increasingly being recognized that osteoarthritis

(OA) is a multi-joint disease. Population-based studies suggest

that ≥70% of those affected have symptoms at >1 joint site

(1–3), and clinical studies confirm the frequent co-occurrence

of OA at different joint sites (4–6). However, most epidemio-

logic and clinical studies are predominantly concerned with

OA of the knee, hip, or hand and refer to them as separate con-

ditions, with little or no consideration of OA in other joints (7–9).

Hand OA is one of the most common types of OA and fre-

quently co-occurs with knee OA (10,11). Therefore, findings

relating to hand OA could be confounded by the presence of

OA in other joints, particularly the knee.

Adiposity, a condition of being severely overweight or obese,

most frequently identified in terms of high body mass index (BMI),

is recognized as a major modifiable risk factor for OA. Meta-

analyses show a strong and consistent relationship between

higher BMI and knee OA (12,13) and a moderate relationship with

hip OA (14). Estimates from meta-analyses of the relationship

between BMI and hand OA point to a small but significant positive

association (15,16), with much variation between studies. Despite

the frequent co-occurrence of hand and knee OA, as far as we

could ascertain, only 1 study of the association of BMI and hand

OA has controlled for the presence of OA in other joints (17). This

study of both hand and knee OA found significant associations

with weight for knee OA alone and a both hand and knee OA

group but no significant association for hand OA alone (17).
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The apparent association of BMI and OA of the hand, a non–
weight-bearing joint, is of particular interest, as the literature
reporting obesity as a risk factor for hand OA is frequently cited
to support the role of obesity-linked systemic factors in OA
(18–20). Two major types of mechanisms are suggested for how
overweight or obesity might affect the incidence and progression
of OA (21,22). The first is a biomechanical effect of excessive
stress on the joints, which initiates changes in the cartilage and
other structures of weight-bearing joints, particularly the knee
(23). The second concerns obesity-linked systemic mechanisms,
which hinge on the role of fat, particularly central adiposity
(abdominal and visceral fat) as a source of inflammatory cytokines
and adipokines that influence OA-related processes within the
joint (24,25).

Our overall purpose was to determine whether an apparent
association between hand OA and adiposity is explained by the
presence of OA at other joint sites. BMI does not distinguish
between fat and lean mass and gives no indication of the pattern
of distribution of fat within the body. Other measures such as
waist-to-height ratio (WHtR), waist circumference, and fat mass
have been suggested for better capturing central adiposity
(26,27). However, studies comparing the strength of relationship
between knee OA and BMI and various measures of central
adiposity showed similar strengths of association (17,28,29),
suggesting that the use of alternate measures of central
adiposity offered little advantage over the more widely used
BMI (28,29).

Our primary objective, objective 1, was to examine the rela-
tionship between BMI and OA separately for OA only in the hand,
hip, or knee, respectively, and for OA at combinations of these joint
sites using data from the Canadian Longitudinal Study on Aging
(CLSA). Objective 2 was to compare the findings for BMI and
WHtR for hand, hip, or knee OA and OA in combinations of these
joints. WHtR has the advantage of being simple to measure and,
like BMI, does not require sex or age-specific cutoffs (30).

The CLSA includes only questions about OA of the hand, hip,
and knee. It is possible that any joint-specific findings for the
association of BMI and OA at these sites might be affected by
the presence of other involved joints. Our secondary objective
(S1) was to investigate whether the associations of BMI with
hand, hip, and knee OA were affected by the presence of OA-
associated pain at other joint sites (shoulder, elbow, wrist, neck,
back, ankle, foot, and other) using data from another representa-
tive sample of Canadians reporting arthritis.

MATERIALS AND METHODS

The primary data were from the CLSA, a national study of
individuals age 45–85 years (31). Baseline data from the compre-
hensive cohort, a representative sample (n = 30,097) of respon-
dents residing in households within 25 to 50 km of 1 of 11 major
city centers across Canada were used for this study. Stratified
random sampling was used to ensure that participants met the
specified demographic distributions for each province. Informa-
tion was obtained through computer-assisted interviews and
respondent visits to data collection sites for clinical and physical
assessments.

Respondents were asked in separate questions if a doctor
had ever told them they have OA in the hand, in the hip, or in the
knee, or rheumatoid arthritis or any other type of arthritis. Those
replying affirmatively to the questions about OA or reporting hav-
ing had a hip replacement (not associated with a fracture) or knee
replacement operation were counted as having doctor-
diagnosed OA. The CLSA also asked all respondents a series of
questions about whether they had experienced symptoms typical
of OA in the hand, hip, or knee in the previous 4 weeks. Our earlier
analyses showed that the characteristics of those reporting
symptoms but not an OA diagnosis were generally similar to
those with doctor-diagnosed OA, although the mean age was
somewhat younger (32). Our control group was comprised of
respondents not reporting OA or any other type of arthritis and
not answering positively to the joint symptom questions.

BMI was calculated using measured weight and height
(kg/m2). Individuals with no data on BMI or a BMI in the under-
weight range (BMI ≤8.5) were excluded from analysis. BMI was
categorized as follows: normal (18.5–24.99 kg/m2), overweight
(25–29.99 kg/m2), obesity class I (30.0–34.99 kg/m2), and obesity
class II/III (≥35.0 kg/m2). As the relationship of BMI to age is an
inverted U shape (33), age was categorized as follows: 45–54,

SIGNIFICANCE & INNOVATIONS
• Apparent associations between adiposity and oste-

oarthritis (OA) in individual joints, such as the hand,
may not hold when the co-occurrence of OA in
other joints is considered. Hand OA only was not
associated with body mass index (BMI) after
accounting for combinations of hand OA with OA
at other joint sites, with similar findings for waist-
to-height ratio.

• When examining the association of OA of a particu-
lar joint with BMI or other measures of adiposity, it
is important to consider the presence of OA at other
joint sites. Treating OA primarily as a condition of a
particular joint without considering the possibility
of OA in other joints neglects the heterogeneity of
OA and may limit the identification of possible
subtypes.

• It was knee OA only, or in combination with other
joint sites, that was consistently related to BMI
(or other measures of adiposity), particularly obe-
sity classes II/III. This raises questions about our
understanding of the role of adiposity for OA and
the role of biomechanical and possible systemic fac-
tors for knee OA.
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55–64, 65–74, and 75–85 years. For objective 2, WHtR was cal-
culated from waist circumference divided by measured height.
Given a lack of recognized cutoffs for WHtR comparable to BMI
categories, both this variable and BMI were categorized as quar-
tiles to provide a direct comparison.

Statistical analysis. Descriptive analyses compared those
with OA to those with no OA (controls) by sex, age, and BMI cat-
egories. To investigate the association of joint-specific OA with
BMI, we derived a categorical variable that specified all possible
combinations of hand, hip, and knee OA. This gave 7 mutually
exclusive combinations of sites of OA: hand OA only, hip OA only,
knee OA only, hand plus hip OA, knee plus hand OA, knee plus
hip OA, and knee plus hip plus hand OA. For comparison with
previous literature, we included estimates for hand, hip, and knee
OA without considering the co-occurrence with other joint sites of
OA, referred to as “any hand OA,” “any hip OA,” and “any knee
OA,” respectively. Table 1 shows the distribution of OA by joint
site and the mean BMI for each joint site category.

Objective 1. Multinomial logistic regression was used to
investigate the relationship between the BMI classes of over-
weight, obesity I and obesity II/III, and hand OA, hip OA, and
knee OA and their combinations relative to the control group.
The multinomial dependent variable was BMI categories

(reference normal BMI). The independent variable was OA (refer-
ence no OA). Models 1–3 were separate regressions for any
hand, any hip, and any knee OA, ignoring possible multi-joint
OA. For model 4, the independent variable was the categorical
variable with all possible combinations of hand, hip, and knee
OA. All models were adjusted for age and sex.

Objective 2. A series of multinomial logistic regressions
analogous to those for objective 1 were used to quantify the
relationship of BMI and WHtR quartiles and OA joint sites. The
reference for the dependent variable was quartile 1 (lowest).

Objective S1. To investigate the possible impact of OA in
other affected joints, we accessed data from the 2009 Survey
on Living With Chronic Diseases in Canada, arthritis component
(SLCDC-A), a representative sample of Canadians reporting
arthritis. Briefly, the sample for the SLCDC-A (n = 4,565) was
drawn from respondents age ≥20 years in the 2008 Canadian
Community Health Survey (CCHS) who reported being told by a
health professional that they had arthritis as a long-term chronic
condition (3,34). The SLCDC-A included questions about pain,
aching, or stiffness on most days in the last month due to arthritis
at 11 joint sites (shoulder, elbow, wrist, hand/fingers/thumb, hip,
knee, ankle, foot/toes, neck, back, and other joint sites) and
about the type of their arthritis (3,34). BMI was calculated
from self-reported height and weight and categorized as above.

Table 1. Distribution of characteristics of respondents with no and doctor-diagnosed osteoarthritis (OA) from the
Canadian Longitudinal Study on Aging comprehensive cohort*

Characteristic Controls (n = 11,949)†

Diagnosed
OA (n = 6,330)

No. (%) Mean BMI (95% CI)

Female sex 4,875 (40.8) 3,804 (60.1) –

Age group, years
45–54 4,122 (34.5) 745 (11.8) –

55–64 3,955 (33.1) 2,007 (31.7)
65–74 2,456 (20.3) 1,994 (31.5)
75+ 1,446 (12.1) 1,583 (25.0)

BMI categories
Normal 4,134 (34.6) 1,583 (25.0) –

Overweight 5,054 (42.3) 2,412 (38.1)
Obese I 2,019 (16.9) 1,437 (22.7)
Obese II/III 741 (6.2) 899 (14.2)

Distribution of OA by joint site and mean BMI
Controls, no OA – – 27.2 (27.1–27.3)
OA at any site – – 28.7 (28.6–28.8)
Any hand OA – 2,884 (45.6) 28.3 (28.1–28.6)
Any hip OA – 2,006 (31.7) 29.2 (28.9–29.0)
Any knee OA – 3,608 (57.0) 30.3 (30.1–30.6)

Joint site combinations
Hand OA only – 1,514 (23.9) 27.2 (26.9–27.4)
Hip OA only – 925 (14.6) 28.3 (28.0–28.6)
Hand + hip OA – 283 (4.5) 27.7 (27.1–28.2)
Knee OA only – 2,112 (33.4) 30.4 (30.1–30.7)
Knee + hand OA – 698 (11.0) 29.7 (29.2–30.2)
Knee + hip OA – 409 (6.5) 30.5 (29.9–31.1)
Knee + hip + hand OA – 389 (6.2) 31.1 (30.4–31.7)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; BMI = body mass index.
† Controls reported no OA, other arthritis, or joint symptoms.
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To facilitate comparison with the findings from the CLSA, our
analyses were restricted to individuals age 45–85 years with OA
but no other kind of arthritis and with BMI ≥18.5 kg/m2

(n = 1,411). We merged the SLCDC-A with its parent CCHS
survey to develop a control group for our analyses of respondents
age 45–85 years who reported no arthritis or chronic joint symp-
toms with a BMI of ≥18.5 kg/m2 (n = 18,459).

To compare our results with those of the CLSA, we created a
variable for all possible combinations of hand, hip, and knee OA pain
with the explicit recognition that these variables also included OA
pain at other joint sites, indicated in the respective table below by
the addition of “± other” to the designation of joint site groups
described above for the CLSA data. We further created a residual
“other joint site” variable for OA pain at the shoulder, elbow, wrist,
neck, back, ankle, foot, or other joint. Multinomial logistic regression
analyses analogous to our objective 1 analyses were carried out with
the addition of the variable for any other OA-related painful joint sites.

RESULTS

The final analytic sample of the CLSA included 18,279
respondents, of whom one-third (34.6%) reported doctor-
diagnosed OA at the hand, hip, and/or knee. The characteristics
of the sample are shown in Table 1. The sample with OA was
slightly older (mean ± SD age 64.4 ± 10.0 years) than the con-
trols (mean ± SD age 60.6 ± 10.0 years). A higher proportion of
women than men reported OA. The proportions of the OA sample
with class I or class II/III obesity was higher than in the control

group. More than one-half of those with OA reported any knee
OA (57.0%), followed closely by any hand OA, with a somewhat
smaller proportion reporting any hip OA; 28.0% of respondents
reported OA in combinations of joint sites. The mean BMI of the
OA group was significantly higher than that for the control group,
as were mean BMIs for any hand, any hip, or any knee OA
(Table 1). For joint site combinations, the mean BMIs for hand
OA only (27.2 [95% confidence interval (95% CI) 26.9–27.4]) and
hand plus hip OA (27.7 [95% CI 27.1–28.2]) were not significantly
different from that of the control group. The mean BMI for joint site
combinations including the knee was significantly higher than for all
other combinations. This is illustrated in Figure 1, which shows the
distribution of BMI by joint site combinations. Combinations of joint
sites that include the knee have broader BMI distributions that are
shifted to the right with long tails into the obesity II/III range.

Table 2 shows the odds ratios (ORs) for being in the over-
weight, obesity I, and obesity II/III classes separately for any hand,
any hip, and any knee OA (models 1 to 3) and for all possible com-
binations of these joint sites (model 4). When OA at a particular
joint site was considered in the conventional way without consid-
ering the possibility of OA in other joints, all 3 joint sites were sig-
nificantly associated with the overweight and obesity categories.
When combinations of joint sites were considered, having hand
OA only was not significantly associated with overweight or obe-
sity. For all categories containing knee OA, the ORs for class II/III
obesity were considerably increased from those for class I obe-
sity, something not observed with other joint groups, and as
reflected in the distributions shown in Figure 1.

Figure 1. Distribution of body mass index by all possible combinations of doctor-diagnosed hand, hip, and knee osteoarthritis (OA) in the Cana-
dian Longitudinal Study on Aging, comprehensive sample. * = controls reported no OA, other arthritis, or joint symptoms.
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Table 3 gives findings for all joint site combinations com-
paring WHtR and BMI quartiles. The pattern of association of
both measures of adiposity with the joint site combinations
was similar: WHtR was also not significantly associated with
hand OA only.

The characteristics of the sample (controls n = 18,459, OA
sample n = 1,411) from the SLCDC-A for objective S1 are
shown in Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24729. The characteristics of the sample and the
proportions with any hand, any hip, and any knee were similar
to those from the CLSA. The OA sample had a higher mean
BMI and was more likely to be obese, especially those with
knee pain. Table 4 shows the findings from the multinomial
regression analyses. When looked at individually without con-
sideration of possible multi-joint OA, all sites (hand, hip, knee,
and any other joint) were significantly associated with over-
weight and obesity. Consistent with findings from the CLSA,
when looking at joint site combinations separately, a clear dis-
tinction in associations with BMI is evident between joint

combinations that do and do not include the knee. In addition
to the hand only, the hip only and in combination with hand
showed minimal to no significant association with BMI catego-
ries. As in our primary analyses, all combinations including
knee OA were significantly associated with BMI, with increasing
odds with increasing BMI classes. OA at other joint sites taken
together was not associated with BMI.

DISCUSSION

Our findings suggest that the apparent association between
hand OA and BMI found in previous studies (15,16) may be
explained by the presence of OA at other joint sites (Table 2), as
hand OA only was not associated with BMI. These results were
confirmed in our supplementary analysis using a separate sam-
ple, which additionally suggested only a minimal contribution to
the association of OA and BMI from joint sites other than the
hand, hip, or knee (Table 4). Our findings also showed that the
distribution of BMI for OA at joint sites including the knee were
distinct from those for OA of the hand or hip, which were more

Table 3. Multinomial logistic regression: odds ratio estimates for waist-to-height ratio and body mass index (BMI) quartiles (Q) for doctor-
diagnosed osteoarthritis (OA) joint site combinations in the Canadian Longitudinal Study on Aging comprehensive cohort*

Waist-to-height ratio BMI

Q2 Q3 Q4 Q2 Q3 Q4
(range

0.50–0.55)
(range

0.55–0.61)
(range
0.6+)

(range
24.4–27.2)

(range
27.2–30.6)

(range
30.6+)

Hand OA only 0.94 (0.81–1.10) 1.10 (0.95–1.29) 1.10 (0.94–1.30) 1.02 (0.88–1.18) 1.05 (0.90–1.22) 1.15 (0.98–1.35)
Hip OA only 1.13 (0.93–1.39) 1.27 (1.04–1.56)† 1.85 (1.52–2.26)† 1.37 (1.12–1.67)† 1.53 (1.25–1.87)† 2.17 (1.78–2.65)†
Hand + hip OA 0.88 (0.61–1.25) 1.18 (0.84–1.67) 1.57 (1.12–2.19)† 1.09 (0.77–1.53) 1.50 (1.08–2.09)† 1.73 (1.23–2.43)†
Knee OA only 1.28 (1.10–1.50)† 1.95 (1.67–2.27)† 3.51 (3.04–4.06)† 1.38 (1.18–1.61)† 2.08 (1.78–2.42)† 4.32 (3.75–4.98)†
Knee + hand OA 1.28 (0.99–1.64) 1.64 (1.28–2.10)† 3.26 (2.59–4.10)† 1.13 (0.89–1.45) 1.70 (1.34–2.14)† 3.23 (2.60–4.02)†
Knee + hip OA 1.23 (0.86–1.75) 2.36 (1.70–3.27)† 3.83 (2.80–5.23)† 1.28 (0.89–1.83) 2.43 (1.76–3.37)† 5.39 (3.98–7.30)†
Knee + hip + hand OA 1.59 (1.09–2.33)† 2.76 (1.93–3.95)† 5.96 (4.28–8.30)† 1.81 (1.25–2.62)† 2.81 (1.98–3.99)† 6.56 (4.75–9.05)†

* Values are the odds ratio (95% confidence interval).
† Estimates indicate statistical significance at P < 0.05.

Table 2. Multinomial logistic regression: odds ratio estimates for body mass index (BMI) categories for doctor-
diagnosed hand osteoarthritis (OA), hip OA, and knee OA and joint site combinations in the Canadian Longitudinal
Study on Aging comprehensive cohort*

BMI category (ref: normal weight)

Overweight Obesity I Obesity II/III

Model 1: any hand OA 1.24 (1.12–1.38)† 1.63 (1.44–1.86)† 2.73 (2.32–3.21)†
Model 2: any hip OA 1.51 (1.33–1.72)† 2.53 (2.19–2.93)† 3.95 (3.29–4.74)†
Model 3: any knee OA 1.67 (1.50–1.85)† 3.01 (2.67–3.38)† 6.45 (5.61–7.41)†
Model 4: combinations of joint sites
Hand OA only 1.04 (0.91–1.18) 1.10 (0.93–1.30) 1.19 (0.95–1.50)
Hip OA only 1.38 (1.16–1.63)† 2.01 (1.65–2.44)† 2.12 (1.62–2.77)†
Hand + hip OA 1.29 (0.97–1.71) 1.64 (1.16–2.32)† 1.97 (1.24–3.13)†
Knee OA only 1.64 (1.44–1.87)† 2.92 (2.53–3.37)† 6.29 (5.35–7.40)†
Knee + hand OA 1.60 (1.30–1.97)† 2.51 (1.99–3.17)† 5.60 (4.34–7.23)†
Knee + hip OA 1.69 (1.27–2.26)† 4.00 (2.97–5.38)† 6.90 (4.92–9.67)†
Knee + hip + hand OA 2.09 (1.55–2.84)† 4.17 (3.02–5.76)† 9.98 (7.12–13.99)†

* Values are the odds ratio (95% confidence interval). All models were controlled for age group and sex. Controls
reported no OA, other arthritis, or joint symptoms. Ref. = reference.
† Estimates indicate statistical significance at P < 0.05.
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similar to controls (Figure 1). Findings for the association of OA
with BMI or WHtR, a measure of abdominal adiposity, were similar
(Table 3).

A positive association between BMI and knee and hip OA but
not hand OA is consistent with the findings from a Mendelian ran-
domization study that confirmed a potentially causal relationship
for both knee OA and hip OA and obesity, but not hand OA (35).
It is also consistent with a study by Visser et al that showed that
hand OA was not associated with a measure of adiposity (weight)
once co-occurring knee OA was considered (17). The study was
limited to hand and knee OA. The 2 analyses included in the pres-
ent study extend these findings by also including the hip (CLSA
data) and a full range of joint sites (SLCDC-A data).

It is undeniable that obesity is a risk factor for knee OA. Our
finding that OA at joint sites including the knee was significantly
associated with having a higher BMI, with an increasing strength
of association with higher levels of BMI, agrees with other studies
(12,13). As reflected by differences in the BMI distributions, the
mean BMIs for individuals with hand OA, hip OA, and in the con-
trol group were in the overweight range, while the mean BMI for
the groups including the knee was at the cusp of the obesity
range (30 kg/m2). These findings when taken together with higher
odds for association of BMI with knee OA groups, no association
with hand OA only, and the relatively small association with hip OA
only raise questions for further investigation about the extent to
which the relationship of OA especially to higher levels of BMI
might be restricted to knee OA.

The shift of the BMI distribution to the right for joint groups
containing knee OA (Figure 1) could reflect a biomechanical effect
of excess weight that over-shadows any systemic inflammatory

or metabolic effects. To address the concern that BMI may not
be the best measure to detect effects related to abdominal and
visceral adiposity (26,27), we compared our findings for BMI to
those for WHtR, a measure of abdominal obesity with similar
results (Table 3), as were comparable analyses using a range of
adiposity measures including waist circumference and percent
and distribution of body fat (data not shown). That the results for
all measures of adiposity were similar is consistent with other
studies (17,28,29). These earlier studies, however, just con-
cerned knee OA. Our present study extends these findings to
hand OA and hip OA and combinations of OA joint sites. The sim-
ilarity in findings for BMI and WHtR (and other measures of adi-
posity) further suggests that systemic mechanisms for OA are
likely to differ from those conditions for which abdominal obesity
is a risk factor, such as cardiovascular disease and diabetes
mellitus.

As noted in the introduction, the association of high BMI
levels with hand OA, a non–weight-bearing joint, has been fre-
quently used as part of the arguments about an obesity-related
inflammatory or metabolic component to OA (19, 20) as reflected
in systematic reviews of systemic factors in pathogenesis and
progression of OA (36–40). Most of these reviews concern knee
OA; where hand OA is a focus, it is unclear whether OA in other
joints was considered. In this study, we found no indication that
hand OA was associated with BMI when occurring alone and only
a modest association for hand plus hip OA. The mean and distri-
bution of BMI for the hand OA only group was virtually identical
to that of the control group, arguing against a role for obesity-
related systemic factors for hand OA, at least when it occurs
alone. Perhaps more thought needs to be given to whether the

Table 4. Multinomial logistic regression: odds ratio estimates for body mass index (BMI) category for osteoarthritis
(OA) painful joint sites and joint site combinations (findings from the Survey on Living With Chronic Diseases in
Canada survey, arthritis component)*

BMI category (ref: normal weight)

Overweight Obesity I Obesity II/III

Model 1: any hand OA 1.51 (1.27–1.79)† 2.02 (1.63–2.51)† 2.90 (2.17–3.87)†
Model 2: any hip OA 1.54 (1.28–1.86)† 2.13 (1.68–2.69)† 3.16 (2.33–4.29)†
Model 3: any knee OA 1.66 (1.40–1.97)† 2.70 (2.21–3.30)† 4.76 (3.73–6.09)†
Model 4: any OA other site(s)‡ 1.49 (1.29–1.71)† 1.99 (1.67–2.38)† 2.96 (2.34–3.76)†
Model 5: combinations of joint sites§
Hand only ± other OA 1.37 (1.00–1.88)† 1.33 (0.85–2.07) 1.22 (0.58–2.54)
Hip only ± other OA 1.37 (0.86–2.18) 1.44 (0.77–2.69) 0.96 (0.29–3.13)
Hand + hip ± other OA 1.06 (0.69–1.63) 1.55 (0.91–2.67) 1.02 (0.37–2.86)
Knee only ± other OA 1.42 (1.04–1.96)† 2.65 (1.84–3.81)† 4.54 (2.90–7.10)†
Knee + hand ± other 1.79 (1.25–2.55)† 3.28 (2.19–4.90)† 5.73 (3.54–9.26)†
Knee + hip ± other OA 1.91 (1.29–2.80)† 3.25 (2.09–5.05)† 6.12 (3.68–10.18)†
Knee + hip + hand ± other OA 1.67 (1.26–2.22)† 2.06 (1.44–2.97)† 3.64 (2.33–5.67)†
OA other site(s) only 1.25 (0.87–1.80) 0.85 (0.47–1.53) 0.76 (0.27–2.10)

* Values are the odds ratio (95% confidence interval). All models were controlled for age group and sex. Controls
reported no OA, other arthritis, or painful joint symptoms. Ref. = reference.
† Estimates indicate statistical significance at P < 0.05.
‡ OA pain at any site other than the hand, knee, or hip.
§ All joint site combinations may contain other sites (designated as “± other”), which are any site of OA pain other
than the hand, hip, or knee.

BADLEY ET AL1884



apparent association of obesity and hand OA should be used to
support the discussion of possible obesity-associated systemic
inflammatory or metabolic pathways in OA.

OA is a heterogeneous condition, and it may be that hand
OA only is a different phenotype from hand OA when part of
multi-joint OA. Furthermore, the magnitude of association of OA
with obesity, especially obesity class II/III, was highest for joint site
combinations including knee OA, thus supporting the possibility
of a multisite knee OA phenotype. Current literature on suggested
knee OA phenotypes focus on which joint tissues are predomi-
nantly affected (cartilage, bone), clinical aspects of disease (such
as pain or inflammation), age, systemic characteristics (such met-
abolic syndrome), and mechanical or injury-related factors
(41–43) but not the knee in combination with other joints. Less
attention has been paid to hand OA phenotypes: suggested
types distinguish between the joints affected, particularly the first
metacarpal phalangeal joint and OA of the distal metacarpal joints
(10,44). While there is acknowledgement that there may be a gen-
eralized or multi-joint phenotype of OA (6), the investigation of
specific multi-joint phenotypes has received relatively little atten-
tion. As data from community-based studies suggest that an
overwhelming majority of individuals report OA-associated pain
at >1 joint site (1–3), further investigation is needed.

A strength of this study is the use of 2 large, population-
based samples of individuals with questions about OA at specific
joint sites. A major limitation for our primary objective is that the
CLSA has data on OA at only 3 sites (hand, hip, and knee). How-
ever, we were able to show that the findings for this objective
were not affected by OA pain at other joint sites in our supplemen-
tary analysis of data from a representative community sample of
people with OA pain at other joint sites. While the data in these
studies were self-reported and could be subject to recall bias,
self-report of OA in population-based studies has been found to
be adequate for surveillance purposes (45,46). It is also likely that
OA is underreported: studies have found that OA is under-
recorded in primary care (47,48), and many patients do not know
their type of arthritis (49). The CLSA does not include radiographs
or clinical examination of the joints. Hand OA is recognized as
being a heterogeneous condition (44,50). However, when we
subdivided our hand OA group using the hand symptom ques-
tions relating to pain in the joints, enlargement of the small joints
of the fingers, and symptoms relating to the base of the thumb,
the findings were similar to those for diagnosed hand OA overall
(data not shown). Finally, our study only examined the cross-
sectional association of OA with BMI and WHtR. Further research
is needed to gain insight into whether the magnitude of BMI is
associated with incidence, increased severity, or progression of
OA considering which combinations of joint sites are affected.

There are 2 major implications from the results of this study.
First, we show that when examining the association of OA of a
particular joint with BMI, or other measures of adiposity, it is
important to consider the presence of OA at other joint sites. This

conclusion would also likely apply to other factors associated with
adiposity, such as metabolic markers. This is particularly crucial
when the focus of a study is OA of the hand or hip, or other non-
knee joint sites, as any potential association may be overwhelmed
by the presence of knee OA, whether as a contributor to multi-
joint OA or in a control group. Further neglect of the co-
occurrence of OA at different joint sites could also inhibit the iden-
tification of possible subtypes. Second, it was only knee OA only,
or in combination with other joint sites, that was consistently
related to BMI (or other measures of adiposity), particularly obe-
sity classes II/III. This raises questions about our understanding
of the role of adiposity for OA in general and for our understanding
of the role of biomechanical and possible systemic factors for
knee OA. Recognizing that OA is frequently a multi-joint disease,
we hope this work will spur further research to better understand
the links between adiposity and OA.
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B R I E F R E P O R T

Association of Superficial Cartilage Transverse Relaxation
Time With Osteoarthritis Disease Progression: Data From
the Foundation for the National Institutes of Health
Biomarker Study of the Osteoarthritis Initiative

David Fuerst,1 Wolfgang Wirth,1 Martin Gaisberger,2 David J. Hunter,3 and Felix Eckstein1

Objective. To study whether layer-specific cartilage transverse relaxation time (T2) and/or longitudinal change is
associated with clinically relevant knee osteoarthritis (OA) disease progression.

Methods. The Foundation for the National Institutes of Health Biomarker Consortium was a nested case–control
study on 600 knees from 600 Osteoarthritis Initiative participants. Progressor knees had both medial tibiofemoral
radiographic joint space width (JSW) loss (≥0.7 mm) and a persistent increase in Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) pain score (≥9 on a 0–100 scale) at 24–48 months from baseline
(n = 194). Multiecho spin-echo (MESE) magnetic resonance images (MRIs) for cartilage T2 analysis had been
acquired in the right knees only (97 progressor knees). These were compared to 104 control knees without JSW
or pain progression. Fifty-three knees had JSW progression, and 57 pain progression only. Cartilage thickness seg-
mentations obtained from double-echo steady-state MRI were matched to MESE MRI to extract superficial and
deep femorotibial cartilage T2. Superficial medial femorotibial compartment (MFTC) T2 at baseline was the primary,
and change in deep MFTC T2 between baseline and 12 months was the secondary analytic outcome of this post
hoc exploratory study.

Results. Baseline superficial MFTC T2 was significantly elevated in progressor knees (adjusted mean 47.2 msec
[95% confidence interval (95% CI) 46.5, 48.0]) and JSW progression only knees (adjusted mean 47.3 msec [95% CI
46.3, 48.3]), respectively, versus non-progressor knees (45.8 msec [95% CI 45.0, 46.5]) after adjustment for age, sex,
body mass index, WOMAC pain score, and medial joint space narrowing grade (analysis of covariance). Change in
T2 was not significantly associated with case status.

Conclusion. Baseline superficial, but not deep, medial cartilage T2 is associated with clinically relevant disease
progression in knee OA.

INTRODUCTION

Knee osteoarthritis (OA) severely affects quality of life and is

responsible for substantial health care utilization and cost;

although some risk factors of knee OA have been identified,

disease progression is slow, and current diagnostic methods are

limited in associating periods of symptomatic and radiographic
progression (1).

Biomarkers that can predict longer term, clinically important

outcomes can be important in medical practice and for selecting
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participants for clinical trials that evaluate treatment efficacy of

disease-modifying OA drugs. The Foundation for the National

Institutes of Health (FNIH) OA Biomarkers Consortium study

was conducted to evaluate the association of imaging and

molecular biomarkers with structural (radiographic) and symp-

tomatic (pain) progression in knee OA (1). Previously, we have

shown that medial femorotibial compartment (MFTC) cartilage

thickness loss over 24 months was associated with combined

radiographic and symptomatic progression, with a stronger

association for radiographic progression (1). Further work

revealed that 24-month change in bone shape, semiquantitative

measures of cartilage damage, synovitis, and meniscal pathol-

ogy were also associated with progression in the consortium

sample (2).
Magnetic resonance imaging (MRI) transverse relaxation time

(T2) has been proposed as an imaging biomarker for the detec-
tion of alterations in articular cartilage composition (3,4). T2 is
thought to reflect collagen integrity, orientation, and hydration,
with higher values indicating early cartilage damage, and it was
shown to be associated with cartilage histologic grading and
mechanical properties (5,6). Superficial cartilage displayed signifi-
cantly longer T2 than deep-zone cartilage (6,7), with the superfi-
cial cartilage being more sensitive to the presence of
semiquantitatively graded cartilage lesions (8). However, whether
cartilage T2 is associated with disease progression in knees with
established OA remains controversial (9–11).

Whether layer-specific (superficial versus deep cartilage T2)
is associated with clinically relevant OA progression has not been
examined in a large sample. In a study of radiographically normal
knees, we reported that baseline superficial T2 was more sensi-
tive to contralateral radiographic status than deep T2, whereas
longitudinal change in deep T2 wasmore sensitive to change than
superficial T2 (12). Similar trends were observed in knees with
radiographic OA (10). The specific purpose of the current study
was therefore to test, in the FNIH Biomarker Consortium sample
(1), whether baseline superficial T2 and/or longitudinal (1-year)
change in deep T2 was associated with radiographic and/or
symptomatic progression.

MATERIALS AND METHODS

Study design. The Osteoarthritis Initiative (OAI) Biomarker
Consortium was a nested case–control study (1) that used data
from the OAI (13). Eligible participants had ≥1 knee with baseline
Kellgren/Lawrence (K/L) grade 1–3 from central radiographic
readings and availability of baseline and 24-month knee radio-
graphs, knee MRI, serum and urine specimens, and clinical data
(1). Fixed-flexion knee radiographs were assessed for K/L and
Osteoarthritis Research Society International (OARSI) joint space
narrowing (JSN) grades (1). Medial radiographic progression
was defined by a loss in minimum radiographic joint space width
(JSW) of ≥0.7 mm from baseline to 24, 36, or 48 months (1). Knee
pain was assessed using the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) pain subscale, with pro-
gression defined as a persistent (≥2 time points) increase of
≥9 points on a 0–100 normalized score from baseline at 24, 36,
48, or 60 months (1). Knees with radiographic and pain progres-
sion by 12 months were excluded so that biomarker change
could be studied longitudinally before progression criteria were
met (1). Therefore, the current analysis on the predictive (but not
concurrent) validity of T2 includes baseline and 12 months, but
not 24 months data.

In the FNIH Biomarker Consortium study, primary cases
were 1) knees that had both radiographic and pain progression;
control knees did not have this combination and included 2)
knees with neither radiographic nor pain progression, 3) knees
with radiographic progression only but not pain progression, and
4) knees with pain progression only but not radiographic progres-
sion (1). For better covariate balance, the knees selected for the
4 groups were frequency matched, using K/L grade and body
mass index (BMI) strata (1). Because cartilage thickness and bone
shape biomarkers were previously shown to be more strongly
associated with radiographic than with pain progression (1), only

SIGNIFICANCE & INNOVATIONS
• This is a novel study in an exceptionally large cohort

that determines whether baseline or longitudinal
change in cartilage transverse relaxation time (T2)
is associated with clinically relevant osteoarthritis
(OA) progression. The sample studied is well estab-
lished and has reported a large number of other
imaging and molecular biomarkers in the context
of disease progression for comparison.

• This study applies a registration technique for
determining superficial and deep cartilage T2 based
on morphologic cartilage segmentations.

• Baseline superficial medial cartilage T2 is identified
to be associated with clinically relevant (medial) dis-
ease progression of >2 years and may hence be
used to identify OA patients with subsequent pro-
gression of knee OA.

• Deep cartilage T2, in contrast, is not found to be
associated with disease progression, so superficial
and deep cartilage T2 properties should always be
determined separately.
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knees with neither radiographic nor pain progression were used
as controls in the current study, whereas sensitivity analyses were
conducted to explore whether T2 was predictive of partial pro-
gressors, i.e., JSW progression only, or pain progression only.
Please note that the FNIH cohort included left and right knees
(1), whereas the OAI acquired the multiecho spin-echo (MESE)
MRI acquisitions that support the analysis of cartilage T2 only in
the right knees (13).

Cartilage thickness and T2 measurement. Femorotibial
cartilage thickness segmentation in the FNIH Biomarker study
relied on sagittal double-echo steady-state (DESS) imaging,
with blinding to group assignment and order of acquisition (1).
To extract cartilage T2, existing cartilage segmentations of the
DESS (see Supplementary Figure 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24627) were registered to the MESE MRIs using
a recently validated algorithm (14). The segmentations com-
prised the entire medial tibia (MT) and lateral tibia (LT) and the
central (weight-bearing) part of the medial femoral (cMF) and lat-
eral femoral (cLF) condyles, defined as 75% of the distance
between the intercondylar notch and the posterior end of the
condyles. The registration process required automated trim-
ming of the DESS segmentations in the joint periphery and in
the depth of the cartilage because we discovered an underesti-
mation of the total cartilage thickness by the MESE (14). The
quality of the registration results was validated visually and
quantitatively by checking the final Mattes Mutual Information
metrices (15). Once trimmed and registered, superficial and
deep femorotibial cartilage T2 was extracted based on the local
distance between the cartilage surface and bone interface (14)
(see Supplementary Figure 1, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24627). The deep zone covered
50% of cartilage close to the bone surface, while the superficial
zone included the remaining 50%. T2 was computed for each
voxel, as described previously (10,12), with T2 values exceed-
ing the range of plausible values of articular cartilage (<5
or >120 msec) being excluded (15). Superficial and deep T2 was
determined across the 4 plates, averaging MT and cMF for the
MFTC, LT, and cLF for the lateral compartment (LFTC) and all plates
for the total femorotibial (FT) joint.

Statistical analysis. Baseline superficial MFTC T2 was a
priori defined as the primary, and longitudinal change in deep
MFTC T2 between baseline and 12 months as the secondary
analytic outcome between full progressor case and non-
progressor control knees in this post hoc analysis. All other
comparisons, including sensitivity analyses of partial progressors
versus controls were considered exploratory. Statistical testing
was performed using an analysis of covariance to identify notable
changes between adjusted means. Age, sex, BMI, WOMAC pain
score, and medial JSN grade at baseline were used as covariates.

Demographic, clinical, and radiographic variables were compared
between all groups using 1-way analysis of variance or chi-square
tests.

RESULTS

Of 600 FNIH biomarker study knees, 311 were right knees.
Of those, 97 were full progressor knees with JSW and pain pro-
gression, while 104 were control knees without JSW or pain pro-
gression. The remaining 110 knees were partial progressors,
subdivided into 53 knees with JSW progression only and
57 knees with pain progression only. The demographic charac-
teristics, radiographic status, and pain status of these groups
are shown in Supplementary Table 1, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24627. There were statistically significant differ-
ences in age between subgroups (P = 0.02) but not in the BMI
or WOMAC pain scores, nor in sex, K/L grade, or medial JSN dis-
tribution between these (P = 0.11–0.83).

Baseline superficial MFTC T2 was statistically significantly
elevated in progressor knees (adjusted mean 47.2 msec [95%
confidence interval (95% CI) 46.5, 48.0]) and JSW progression
only knees (adjusted mean 47.3 msec [95% CI 46.3, 48.3]),
respectively, versus non-progressor knees (45.8 msec [95% CI
45.0, 46.5], P values = 0.01 and 0.02) (Table 1). Yet, no notable
difference was observed for deep MFTC T2 (Table 1). Among
exploratory end points, superficial T2 in the FT joint, MT, and
cLF were notably elevated in progressor versus non-progressor
knees (Table 1). Further, none of the deep layer T2 baseline values
in the cartilage plates, compartments, or total joint differed notably
between progressor and non-progressor knees (Table 1).

The exploratory sensitivity analyses revealed that in the JSW
progression only group, superficial T2 was notably elevated ver-
sus control knees in the MFTC, cMF, and FT joint, but not in the
MT. A notable elevation in the superficial T2 in the JSW progres-
sion only group was also observed in the cLF but not in the LT
or the LFTC. The pain progressor only knees did not display nota-
ble differences in superficial T2 versus controls in any of the
regions studied (Table 1). Further, none of the deep layer T2 val-
ues differed notably between full or partial progressor versus
control knees (Table 1).

Although the adjusted longitudinal change in deep layer
MFTC T2 between baseline and 12 months increased in the pro-
gressor knees (0.15 msec [95% CI –0.52, 0.83]) and decreased
in non-progressor knees (–0.47 msec [95% CI –1.13, 0.19]), this
difference did not reach statistical significance (P = 0.21)
(Table 2). The only exploratory longitudinal end point that revealed
a notable difference was the change in superficial T2 in the FT joint
between pain only progressor versus control knees (Table 2);
none of the other superficial or deep T2 change measures
differed notably between full or partial progressors versus control
knees (Table 2).
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Table 2. Layer-specific adjusted longitudinal changes (control) and between-group differences with 95% confi-
dence interval of cartilage transverse relaxation time (T2) between baseline and year 1 (in msec) in knees without joint
space width (JSW) or pain progression (controls), in knees with both JSW and pain progression (JSW + pain), in
knees with JSW progression only (JSW only), and in knees with pain progression only (pain only)*

Control JSW + pain JSW only Pain only
(n = 102) (n = 88) (n = 52) (n = 55)

FT joint
Deep –0.36 (–0.79, 0.06) 0.3 (–0.3, 1.0) 0.1 (–0.7, 0.8) 0.7 (0.0, 1.4)†
Superficial 0.04 (–0.37, 0.45) –0.2 (–0.8, 0.5) 0.3 (–0.4, 1.0) 0.2 (–0.4, 0.9)

MFTC
Deep –0.47 (–1.13, 0.19) 0.6 (–0.4, 1.6) 0.0 (–1.1, 1.2) 0.9 (–0.2, 2.0)
Superficial 0.22 (–0.43, 0.88) –0.1 (–1.0, 0.9) 0.4 (–0.8, 1.5) 0.2 (–0.9, 1.3)

LFTC
Deep –0.25 (–0.63, 0.12) 0.0 (–0.5, 0.6) 0.1 (–0.5, 0.8) 0.6 (–0.0, 1.2)
Superficial –0.15 (–0.51, 0.22) –0.2 (–0.7, 0.3) 0.2 (–0.4, 0.9) 0.3 (–0.3, 0.9)

MT
Deep –0.58 (–1.51, 0.36) 0.5 (–0.9, 1.9) 0.3 (–1.4, 1.9) 0.9 (–0.7, 2.4)
Superficial –0.02 (–0.84, 0.81) –0.2 (–1.4, 1.0) 1.0 (–0.4, 2.4) 1.0 (–0.4, 2.3)

cMF
Deep –0.37 (–1.22, 0.48) 0.7 (–0.5, 2.0) –0.2 (–1.7, 1.3) 0.9 (–0.5, 2.3)
Superficial 0.46 (–0.50, 1.43) –0.0 (–1.4, 1.4) –0.3 (–1.9, 1.4) –0.5 (–2.1, 1.0)

LT
Deep –0.31 (–0.81, 0.18) 0.1 (–0.6, 0.9) 0.3 (–0.6, 1.2) 0.5 (–0.3, 1.4)
Superficial 0.14 (–0.36, 0.65) –0.2 (–1.0, 0.5) 0.5 (–0.4, 1.4) –0.3 (–1.1, 0.6)

cLF
Deep –0.19 (–0.67, 0.28) –0.1 (–0.8, 0.8) –0.1 (–0.9, 0.7) 0.6 (–0.2, 1.4)
Superficial –0.43 (–0.93, 0.06) –0.2 (–0.9, 0.6) 0.0 (–0.8, 0.9) 0.8 (–0.0, 1.6)

* cLF = central lateral femur; cMF = central medial femur; FT = femorotibial; LFTC = lateral femorotibial compart-
ment; LT = lateral tibia; MFTC = medial femorotibial compartment; MT = medial tibia.
† Notable differences between the full or partial progressor group versus controls.

Table 1. Layer-specific adjusted mean (control) and between-group differences with 95% confidence interval of
cartilage transverse relaxation time (T2) at baseline in knees without joint space width (JSW) or pain progression (con-
trols), in knees with both JSW and pain progression (JSW + pain), in knees with JSW progression only (JSW only), and
in knees with pain progression only (pain only)*

Control, msec JSW + pain, msec JSW only, msec Pain only, msec

FT joint
Deep 42.0 (41.5, 42.4) 0.4 (–0.3, 1.1) 0.8 (–0.0, 1.6) 0.3 (–0.5, 1.1)
Superficial 45.3 (44.8, 45.9) 1.0 (0.2, 1.8)† 1.1 (0.2, 2.1)† 0.3 (–0.6, 1.2)

MFTC
Deep 44.3 (43.6, 45.0) 0.4 (–0.6, 1.4) 1.0 (–0.2, 2.2) 0.0 (–1.1, 1.1)
Superficial 45.9 (45.2, 46.6) 1.3 (0.3, 2.4)† 1.4 (0.2, 2.6)† 0.3 (–0.8, 1.5)

LFTC
Deep 39.6 (39.1, 40,1) 0.4 (–0.3, 1.1) 0.6 (–0.3, 1.4) 0.6 (–0.2, 1.4)
Superficial 44.8 (44.2, 45,4) 0.7 (–0.2, 1.5) 0.9 (–0.2, 1.9) 0.3 (–0.7, 1.2)

MT
Deep 36.4 (35.6, 37.2) –0.2 (–1.4, 1.0) 0.3 (–1.2, 1.7) –0.3 (–1.6, 1.1)
Superficial 37.8 (37.1, 38.5) 1.49 (0.5, 2.5)† 0.9 (–0.3, 2.2) 0.1 (–1.0, 1.3)

cMF
Deep 52.2 (51.2 53.3) 1.0 (–0.4, 2.5) 1.8 (–0.0, 3.5) 0.3 (–1.4, 2.0)
Superficial 54.0 (53.0, 55.0) 1.2 (–0.3, 2.6) 1.9 (0.1, 3.6)† 0.5 (–1.2, 2.2)

LT
Deep 34.0 (33.4, 34.6) 0.5 (–0.4, 1.3) 0.5 (–0.6, 1.5) 0.3 (–0.7, 1.3)
Superficial 41.6 (40.9, 42.4) 0.3 (–0.8, 1.4) 0.2 (–1.1, 1.5) 0.2 (–1.0, 1.5)

cLF
Deep 45.1 (44.5, 45.8) 0.4 (–0.6, 1.3) 0.6 (–0.5, 1.8) 0.9 (–0.1, 2.0)
Superficial 47.9 (47.2, 48.6) 1.1 (0.1, 2.0)† 1.5 (0.4, 2.7)† 0.3 (–0.8, 1.4)

* Adjusted values are given for the whole femorotibial (FT) joint, the medial femorotibial compartment (MFTC), the
lateral femorotibial compartment (LFTC), and all femorotibial cartilage plates: medial tibia (MT), weight-bearing
(central) medial femur (cMF), lateral tibia (LT), and weight-bearing (central) lateral femur (cLF).
† Notable differences between the full or partial progressor group versus controls.
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DISCUSSION

In this study, we explored the predictive relationship of
layer-specific cartilage T2 for clinically relevant OA progression
in a relatively large sample. Baseline superficial, but not deep
MFTC T2 (or LFTC T2), was associated with (combined) medial
radiographic and symptomatic progression, with higher T2 indi-
cating worse histopathologic and mechanical cartilage proper-
ties (6). Given that progressor knees were defined by medial
JSW progression (1), the predictive finding of baseline MFTC
T2 is plausible. Sensitivity analyses suggest that the differences
between progressor and non-progressor knees are mainly
driven by JSW but not pain progression. Yet, both are difficult
to disentangle because most OA patients exhibit radiographic
and symptomatic progression together, with partial progressor
groups representing rare cases in which pain progression may
originate from a different source than OA with JSW progression
being actively ruled out. The discrimination of superficial MFTC
was already investigated in a previous pilot study (10) and con-
firmed in this work. Longitudinally, deep MFTC T2 increased
more strongly between baseline and 12 months in progressor
knees than superficial T2, but the difference versus controls
was not significant. This may potentially be attributed to the loss
of superficial cartilage with the longest T2 time in progressor
knees, which may lead to a shift of the cartilage layers (each
50% of cartilage thickness) toward the deep cartilage, and which
may thereby cancel the signal from cartilage T2 prolongation.
Yet, the pilot study detected a significant increase in deep (not
superficial) MFTC T2 in progressor versus non-progressor
knees over 1 year, concurrent with progression, when a rela-
tively large difference in MRI cartilage and JSW loss was present
at 1 year already (10).

A limitation of the current study is that only right knees could
be included because the left ones did not have MESE acquisitions
according to the OAI protocol. Another limitation is that (for
exploratory reasons) multiple comparisons were done in parallel,
but the study had an a priori–defined primary and secondary ana-
lytic end point. The P values were only computed for those end
points. Finally, the clinically important difference in T2 is currently
unknown.

A strength of the current study is that an automated registra-
tion method was used that relied on DESS segmentations that
have been validated for cartilage thickness analysis (14). Although
the segmentations had to be adapted to match the MESE, this
was done in a consistent manner and did not rely on manual seg-
mentation of the cartilage surface or bone interface using the
MESE. Another strength is that not only the bulk, but layer-
specific analyses were provided given that T2 values differ by a
large amount (~10 msec) between superficial and deep cartilage,
likely due to differences in hydration and collagen orientation (7).
Although preferably, 3 layers should have been analyzed, but the
limited in-plane resolution of the MESE (0.3125 mm) (13) did not
permit such a division, particularly in OA knees.

The longitudinal predictive interval (baseline to 12 months)
was relatively short and partially overlapping with progression.
Although none of the knees met the progressor definition at
12 months (1), this period was still partially measuring concur-
rent change. Given limited test–retest precision (7), measure-
ment of T2 change may not be reliable over relatively short
periods such as 1 year. Twenty-four–month T2 or 2-year change
from baseline were deliberately not included because this period
would have been concurrent with progression in a large number
of knees (1), whereas the current analysis focused on predictive
association. A clear strength of using the OAI Biomarker Con-
sortium sample and its design is that the results can be com-
pared with those of other imaging and molecular biomarkers
(1). Also, the sample size was fairly large and therefore resolves
some of the controversy of whether cartilage T2 is associated
with subsequent disease progression, which had already been
suggested by previous studies (9,10).

In conclusion, superficial cartilage T2, measured at the
baseline visit in the affected (medial) compartment, was associ-
ated with subsequent clinically relevant (medial) disease
progression of >2 years and may hence be used to identify
OA patients with subsequent progression of knee OA. Deep
cartilage T2, in contrast, is not found to be associated with
disease progression, neither at baseline nor when measured
longitudinally. The results also emphasize that superficial and
deep cartilage T2 properties should always be determined
separately.
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Comparing the Impact of Symptoms and Health Care
Experiences of People Who Have and Have Not Received
a Diagnosis of Fibromyalgia: A Cross-Sectional Survey
Within the PACFiND Study

Stefanie Doebl,1 Rosemary J. Hollick,1 Marcus Beasley,1 Ernest Choy,2

and Gary J. Macfarlane,1 for the PACFiND Study Investigators

Objective. To compare the impact of symptoms and health care utilization of people diagnosed with fibromyalgia,
people who fulfill the criteria but are not diagnosed, and people with chronic pain.

Methods. We recruited people who had participated in a previous population survey across Scotland and who
reported some typical fibromyalgia symptoms or had received a diagnosis of fibromyalgia. Responses to a postal
questionnaire were used to define mutually exclusive groups: people who had a fibromyalgia diagnosis, who met
criteria for fibromyalgia, and who had chronic pain.

Results. Participants included 85 people with a diagnosis of fibromyalgia, 110 who met criteria for fibromyalgia,
and 133 with chronic pain. The mean age across groups ranged 57–59 years, but the percentage female varied mark-
edly: 86%, 64%, and 67%, respectively. Compared to those with chronic pain, participants with a fibromyalgia diagno-
sis were more likely to be out of employment due to health. An average of 3 years was needed to receive a fibromyalgia
diagnosis, and more than half were diagnosed in secondary care (most commonly rheumatology). The fibromyalgia
diagnosis and criteria groups were similar in terms of symptom impact, quality of life, and life satisfaction but were
worse than the chronic pain group. Participants who had received a diagnosis of fibromyalgia reported the poorest
health care experiences.

Conclusion. An urgent need exists for a model of care for fibromyalgia to ensure prompt diagnosis, access to
evidence-based care, and long-term support, with the aim of improving function. The data suggest that diagnosis in
men may be overlooked, and this finding warrants further study.

INTRODUCTION

Fibromyalgia represents one end of a spectrum of symptoms

and is characterized by pain that is both chronic and widespread

throughout the body, as well as additional symptoms such as

cognitive dysfunction, fatigue, headaches, abdominal cramps, or

depression (1). In population samples, prevalence ranges from

approximately 2% to 5%, depending on the precise criteria used

and the population studied (2,3). Prevalence is even higher in peo-

ple with inflammatory musculoskeletal conditions; for example,

patients with rheumatoid arthritis, psoriatic arthritis, and ankylos-

ing spondylitis have been shown in a meta-analysis to have prev-

alence proportions of 21%, 18%, and 13%, respectively (4). The

diagnosis of fibromyalgia can be particularly challenging when

the clinical features (such as pain, fatigue, and tenderness on pal-

pation) are shared with the coexisting condition (5).
There are no objective tests for the diagnosis of the condi-

tion, and this gap has an important consequence; a considerable

time can be needed for the diagnosis to be made. A study based

in UK general practice showed that, as a group, people who were
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given the diagnosis of fibromyalgia had more frequently consulted
over the 10 years prior to diagnosis, in comparison to people
without such a diagnosis (6). Our recent review could find no
evidence-based model of care for people with fibromyalgia (7).
Challenges that were noted as specific to fibromyalgia included
the view by some clinicians that fibromyalgia does not represent
a “real” condition, and a lack of a specialty or professional group
responsible for care of the condition. Moreover, some services
do not routinely accept referrals of people with suspected fibro-
myalgia or do so only on the basis of excluding other treatable
causes (8). The UK general practice–based study mentioned
above found that the number of consultations decreased slightly
after diagnosis, but within 3–5 years were higher than the time just
before diagnosis (6).

As part of a comprehensive program of work on care of peo-
ple with fibromyalgia, the Patient-Centered Care for Fibromyalgia:
New Pathway Design study, we aimed to compare the impact of
symptoms and health care utilization of people who had received
a diagnosis of fibromyalgia, of people who met the criteria for
fibromyalgia but had not received such a diagnosis, and of people
who reported chronic pain but did not meet criteria for, or had not
received a diagnosis of, fibromyalgia.

MATERIALS AND METHODS

In 2015, we undertook a population screening survey in
advance of the MAmMOTH clinical trial. This was a trial that aimed
to recruit people without chronic widespread pain but who were
at risk of its development through having a combination of
regional pain, sleep disturbance, reporting multiple somatic
symptoms, and/or certain illness behaviors. Details of the trial
and recruitment procedures have previously been published (9).
TheMAmMOTH screening survey was conducted across 3 health
boards in Scotland (NHS Grampian, NHS Highland, and NHS
Greater Glasgow and Clyde), and there was a total of 18,035
respondents. For the current study we contacted people who
had responded to the MAmMOTH screening survey and 1) had

not been invited to take part in the MAmMOTH Trial, 2) had given
consent to be contacted for future health studies, and 3) had a
fibromyalgia symptom score of at least 12 (of 31) (1) or had
reported a diagnosis of fibromyalgia. The fibromyalgia symptoms
score is the sum of scores on the Widespread Pain Index (WPI)
and symptom severity scale of the 2011 fibromyalgia research cri-
teria. The combination of the WPI and symptom severity was
shown to be best at discriminating criteria-positive and criteria-
negative subjects in the study leading to the 2011 fibromyalgia
research criteria, and factor analysis had also shown the
combined score to represent a single dimension on factor
analysis (10).

The study questionnaire collected sociodemographic charac-
teristics and quality of life using the 5-level EuroQol 5-domain
instrument (EQ-5D-5L) (11) and a single question on global life sat-
isfaction: “Overall how satisfied are you with your life nowadays?”
with 7 responses ranging from “completely dissatisfied” to
“completely satisfied” (as used in the UK Household Longitudinal
Study “Understanding Society”). The impact of symptoms was
measured by the Symptom Impact Questionnaire (revised) (SIQR)
(12); this instrument is identical to the Fibromyalgia Impact Ques-
tionnaire except that it uses the word “symptoms” instead of
“fibromyalgia.” This questionnaire was more suitable for this study,
as not all participants had fibromyalgia symptoms, and even if they
did so, had not necessarily been diagnosed with fibromyalgia.
Information was collected about work status, and in relation to
those undertaking paid work, about absenteeism, work productiv-
ity (referred to as “presenteeism”), and activity impairment using
the Work Productivity and Activity Impairment–General Health
questionnaire (WPAI-GH) (13). Health care usage information was
collected using specially created questions, and information on
patient experience through the Patient Experience Questionnaire,
which includes 13 structured questions (14).

Two patient partners supported the development of the survey
questionnaire (providing feedback on the use of specific instruments
and their order in the questionnaire, recommending additional
answer options and changes in wording, and improving readability).
They also gave feedback on relevant participant documents such as
invitation, reminder letters, and the information sheet.

Statistical analysis. Survey respondents were catego-
rized into mutually exclusive groups: those reporting a diagnosis
of fibromyalgia, those with no diagnosis of fibromyalgia but who
met the 2011 criteria (1), and those who did not report a diagnosis
of fibromyalgia and did not meet the 2011 criteria but who
reported chronic pain (pain lasting at least 3 months). Respon-
dents who did not fall into any of these 3 groups were excluded
from the current analysis.

Descriptive information is provided for variables using
median (interquartile range [IQR]) or mean ± SD, depending on
the distribution of individual variables. Multinomial or logistic
regression were used to examine each demographic variable in

SIGNIFICANCE & INNOVATIONS
• People whose symptoms meet the criteria for fibro-

myalgia have symptoms whose impact is very simi-
lar to those who have received a fibromyalgia
diagnosis.

• The impact of symptoms in people who meet the
criteria for fibromyalgia (or who have received a
diagnosis) is much greater than in people with
chronic pain.

• The diagnosis of fibromyalgia may be overlooked
in men.

• Particular attention needs to be paid for improving
work outcomes in those with fibromyalgia symp-
toms/diagnosis.
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relation to group membership (fibromyalgia diagnosis, fibromyal-
gia criteria, chronic pain) and the relationships reported as multi-
nomial odds ratios (MORs) or ORs with 95% confidence
intervals (95% CIs). As an example, examining the relationship
between sex and group membership, male was designated as
the reference group and the fibromyalgia diagnosis group as the
base outcome. Adjusted analyses took into account age, sex,
NHS region, and level of deprivation, the latter of which was
based on postcode of residence (quintiles based on the Scottish
Index of Multiple Deprivation 2020 [www.gov.scot]). A similar ana-
lytical approach was used to examine the relationship with other
musculoskeletal diagnoses, global life satisfaction, and work-
related variables. Poisson regression with robust error variance
was used to quantify the relationship between group and time
since first seeing a health care professional. Estimated marginal
mean differences with 95% CIs are reported. Linear regression
with robust error variance was used to quantify the relation-
ship between group membership and SIQR, WPAI-GH, and
EQ-5D-5L, and those results are reported as mean differences.
Among participants who said they had been in contact with their
general practice surgery in the past 3 months, the difference in

responses to the Patient Experience Questionnaire between
groups was examined using multinomial logistic regression.
If few participants gave a particular answer, response categories
were combined for the regression analysis where the degree of
difference between the categories was qualitatively perceived to
be small, such as “very helpful” and “extremely helpful.”

RESULTS

From respondents to the MAmMOTH screening survey,
824 fulfilled the eligibility criteria for the current study and were
sent a postal questionnaire. A total of 421 returned a completed
questionnaire; of these, 85 reported that they had been diag-
nosed with fibromyalgia (the fibromyalgia diagnosis group),
110 met research criteria for fibromyalgia but reported that they
had not received such a diagnosis (fibromyalgia criteria group),
while 133 reported chronic pain but neither met research criteria
for, nor had received a diagnosis of, fibromyalgia (chronic pain
group). The fibromyalgia symptom scores of these groups were
17 (IQR 13–22), 16 (IQR 14–19), and 11 (IQR 9–12), respectively.
In comparison to the fibromyalgia diagnosis group, in whom

Table 1. Sociodemographic characteristics of participants*

Chronic pain FM criteria

FM diagnosisValue MOR (95% CI) Value MOR (95% CI)

Sex
Male 44 (33.1) 1 (Ref.) 40 (36.4) 1 (Ref.) 12 (14.1)
Female 89 (66.9) 0.33 (0.16, 0.68) 70 (63.6) 0.29 (0.14, 0.59) 73 (85.9)

Age, mean ± SD/MOR per 10 years 59.1 ± 13.8 1.12 (0.90, 1.41) 59.0 ± 10.6 1.12 (0.88, 1.41) 57.4 ± 11.4
NHS region
Greater Glasgow and Clyde 43 (32.3) 1 (Ref.) 46 (41.8) 1 (Ref.) 27 (31.8)
Grampian 38 (28.6) 0.92 (0.46, 1.84) 29 (26.4) 0.65 (0.32, 1.33) 26 (30.6)
Highland 52 (39.1) 1.02 (0.53, 1.96) 35 (31.8) 0.64 (0.33, 1.26) 32 (37.7)

Current employment status
Employed or self-employed 73 (54.9) 1 (Ref.) 38 (34.9) 1 (Ref.) 41 (48.2)
Retired 40 (30.1) 1.60 (0.78, 3.29) 28 (25.7) 2.16 (0.99, 4.70) 14 (16.5)
Not in paid employment, due to
illness

15 (11.3) 0.30 (0.14, 0.63) 36 (33.0) 1.39 (0.72, 2.69) 28 (32.9)

Not in paid employment, not due
to illness

5 (3.8) 1.40 (0.26, 7.56) 7 (6.4) 3.78 (0.74, 18.32) 2 (2.4)

Education (highest level)
Secondary school 35 (26.5) 1 (Ref.) 34 (31.8) 1 (Ref.) 24 (28.2)
Apprenticeship 9 (6.8) 6.17 (0.73, 51.95) 5 (4.7) 3.52 (0.39, 32.16) 1 (1.2)
Further education or college 43 (32.6) 0.74 (0.38, 1.45) 47 (43.9) 0.83 (0.42, 1.62) 40 (47.1)
University degree 33 (25.0) 1.62 (0.72, 3.64) 17 (15.9) 0.86 (0.36, 2.07) 14 (16.5)
Further degree 12 (9.1) 1.37 (0.45, 4.16) 4 (3.7) 0.47 (0.12, 1.85) 6 (7.1)

Marital status
Single 20 (15.2) 1 (Ref.) 23 (20.9) 1 (Ref.) 17 (20.2)
Married/living with partner 80 (60.6) 1.39 (0.66, 2.90) 49 (44.6) 0.74 (0.35, 1.55) 49 (58.3)
Widowed/divorced/separated 32 (24.2) 1.51 (0.64, 3.60) 38 (34.6) 1.56 (0.67, 3.62) 18 (21.4)

Area-based deprivation, quintiles
1 (most deprived) 20 (15.0) 1.49 (0.60, 3.75) 28 (25.5) 3.25 (1.28, 8.25) 11 (12.9)
2 14 (10.5) 1.05 (0.40, 2.74) 16 (14.6) 1.86 (0.69, 4.98) 11 (12.9)
3 28 (21.1) 1 (Ref.) 18 (16.4) 1 (Ref.) 23 (27.1)
4 53 (39.9) 1.81 (0.87, 3.77) 30 (27.3) 1.60 (0.71, 3.62) 24 (28.2)
5 (least deprived) 18 (13.5) 0.92 (0.39, 2.21) 18 (16.4) 1.44 (0.58, 3.58) 16 (18.8)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; FM = fibromyalgia;
MOR = multinomial odds ratio; Ref. = reference.
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85.9% were female, significantly fewer members of other groups
were female (fibromyalgia criteria group 63.6%; chronic pain
group 66.9%) (Table 1). Age was similar across the 3 groups, with
the mean varying between 57 and 59 years. There were few other
important socioeconomic differences across groups, although
notably, participants in the chronic pain group were significantly
less likely to be out of employment due to their health than the
fibromyalgia diagnosis group, with MOR 0.30 (95% CI 0.14,
0.63). The fibromyalgia diagnosis and criteria groups reported a
time since first consulting a health professional with symptoms
of 15 and 14 years, respectively, significantly longer than those
with chronic pain (10 years; adjusted mean difference [mdadj] ver-
sus fibromyalgia diagnosis group –3.9 years [95% CI –7.4, –0.4]).
The fibromyalgia diagnosis group reported that, on average,
3 years were needed to receive a diagnosis; 29 of 85 (34%)
reported receiving a diagnosis in primary care, and 46 (54%) in

secondary care, of which 22 were diagnosed by a rheumatolo-
gist, 7 by another clinical specialty, and 17 did not specify the
specialty. Respondents were asked about other diagnoses: the
fibromyalgia criteria group more commonly reported a diagnosis
of rheumatoid arthritis (18%) or osteoporosis (19%) than either
the fibromyalgia diagnosis group (12% and 13%, respectively) or
chronic pain group (11% and 8%, respectively), although the dif-
ferences were not statistically significant.

Impact of symptoms. The impact of symptoms on health
status was similar in both fibromyalgia diagnosis and criteria
groups (SIQR mean score 57.2 and 57.4, respectively),
significantly more than in the chronic pain group (SIQR mean
score 36.9, mdadj versus fibromyalgia criteria group –20.67
[95% CI –26.61, –14.73]) (Table 2). This difference in impact was
also reflected in the poorer quality of life of the fibromyalgia groups

Table 2. Impact on functional ability and quality of life across symptom/diagnosis groups*

Chronic pain FM criteria

FM diagnosisValue
Mean difference/
MOR (95% CI) Value

Mean difference/
MOR (95% CI)

Adjusted mean difference†
SIQR, mean ± SD 36.9 ± 20.4 –20.67 (–26.61, –14.73) 57.4 ± 21.7 –2.16 (–8.43, 4.10) 57.2 ± 23.2
EQ-5D-5L, mean ± SD 0.63 ± 0.20 0.21 (0.13, 0.28) 0.39 ± 0.31 0.00 (–0.08, 0.07) 0.43 ± 0.28

Adjusted MOR, global life satisfaction†
Completely dissatisfied 4 (3.0) 1.72 (0.24, 12.27) 9 (8.2) 2.71 (0.46, 16.12) 2 (2.4)
Mostly dissatisfied 11 (8.3) 1.02 (0.30, 3.49) 15 (13.6) 0.94 (0.30, 2.95) 10 (11.9)
Somewhat dissatisfied 12 (9.1) 0.52 (0.18, 1.54) 23 (20.9) 0.65 (0.25, 1.71) 24 (28.6)
Neither 13 (9.9) 1 (base) 19 (17.3) 1 (base) 13 (15.5)
Somewhat satisfied 30 (22.7) 3.37 (1.15, 0.90) 26 (23.6) 2.00 (0.70, 5.65) 11 (13.1)
Mostly satisfied 54 (40.9) 3.17 (1.21, 8.33) 16 (14.6) 0.67 (0.25, 1.82) 22 (26.2)
Completely satisfied 8 (6.1) 4.90 (0.82, 29.29) 2 (1.8) 0.83 (0.10, 6.91) 2 (2.4)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; EQ-5D-5L = 5-level EuroQol 5-domain instru-
ment; FM = fibromyalgia; MOR = multinomial odds ratio; SIQR = Symptom Impact Questionnaire (revised).
† Adjusted for age, sex, NHS region, and deprivation.

Table 3. Impact of symptoms on paid work across groups*

Chronic pain FM criteria

FM diagnosisValue
ORadj/coefficient

(95% CI) Value
ORadj/coefficient

(95% CI)

ORadj†
Stopped work due to symptoms 25 (18.8) 0.28 (0.15, 0.53) 43 (39.8) 0.77 (0.42, 1.41) 36 (42.3)
Stopped work due to
Pain 20 (15.00) 0.28 (0.14, 0.56) 39 (35.5) 0.82 (0.44, 1.54) 30 (35.3)
Fatigue 18 (13.5) 0.21 (0.11, 0.42) 35 (31.8) 0.62 (0.33, 1.17) 34 (40.0)
Mental health/stress 8 (6.0) 0.26 (0.10, 0.65) 23 (20.9) 1.02 (0.47, 2.19) 16 (18.8)
Other 4 (3.0) 0.29 (0.08, 1.05) 11 (10.0) 1.10 (0.39, 3.09) 8 (9.4)

WPAI coefficient†
Absenteeism, median (IQR) %
(n = 117)

0 (0–0) –5.75 (–17.43, 5.93) 0 (0–9.9) –6.12 (–21.67, 9.44) 0 (0–19.0)

Presenteeism, median (IQR) %
(n = 116)

30 (20–50) –9.14 (–17.43, 5.93) 40 (30–70) 0.21 (–13.68, 14.10) 50 (30–60)

Activity impairment, median
(IQR) % (n = 319)

40 (30–65) –16.86 (−23.80, –9.91) 70 (60–80) 3.41 (–3.48, 10.31) 60 (40–80)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; FM = fibromyalgia; IQR = interquartile
range; OR = odds ratio; WPAI = Work Productivity and Activity Impairment.
† Adjusted for age, sex, NHS region, and deprivation.
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(EQ-5D-5L mean score: fibromyalgia diagnosis group 0.43 and
fibromyalgia criteria group 0.39) compared to the chronic pain
group (0.63, mdadj versus fibromyalgia diagnosis group 0.21
[95% CI 0.13, 0.28]). There was no difference in reported global
life satisfaction between the fibromyalgia groups, but those with
chronic pain were considerably more likely to report one of the
“satisfied” categories (fibromyalgia diagnosis 41,7%; fibromyalgia
criteria 40.0%; chronic pain group 69.7%).

There was a substantial impact on paid work for people with
a diagnosis of fibromyalgia or who met the criteria for fibromyalgia
(Table 3); 42% and 40%, respectively, had stopped work due to
their health as compared with 19% in the chronic pain group
(ORadj stopped work versus fibromyalgia diagnosis group 0.28
[95% CI 0.15, 0.53]). Those in the fibromyalgia diagnosis group

who had stopped work due to their health had last undertaken
work a median of >10 years previously (131 months [IQR 26–
192]), and in the fibromyalgia criteria group the median was over
8 years (99 months [IQR 35–241]). The symptoms of pain,
fatigue, and mental health/stress were commonly mentioned by
people in the fibromyalgia criteria and fibromyalgia diagnosis
groups as contributing to stopping work. Among those still work-
ing and over all of the groups, absenteeism was relatively uncom-
mon. The median percentage of time lost in the past 7 days was
0% (IQR 0–1), but with a mean of 11%, reflecting the fact that a
small proportion of respondents were recording high rates of
absenteeism, while the median level of presenteeism (when work-
ing) was 30% (IQR 20–50). Results from linear regression showed
no consistent difference between the fibromyalgia criteria and

Table 4. Participants’ reported health care experiences with primary care in the past 3 months*

Chronic pain FM criteria

FM diagnosisValue MORadj (95% CI)† Value MORadj (95% CI)

How easy did you find it to
get the care you needed
when you wanted it?

Very easy 16 (21.6) 1.07 (0.39, 2.93) 13 (17.6) 0.60 (0.23, 1.60) 7 (14.0)
Fairly easy 36 (48.7) – 26 (35.1) – 27 (54.0)
Not very easy 14 (18.9) 1 (base) 18 (24.3) 1 (base) 10 (20.0)
Difficult 5 (6.8) 0.92 (0.22, 3.89) 9 (12.2) 1.33 (0.36, 4.97) 5 (10.0)
Very difficult 3 (4.1) – 8 (10.8) – 1 (2.0)

Were you given clear and
understandable
information about
symptoms and care?

Yes, definitely 3 (43.2) 1.68 (0.73, 3.88) 22 (30.1) 1.04 (0.44, 2.47) 14 (28.0)
Yes, to some extent 34 (45.9) 1 (base) 43 (58.9) 1 (base) 39 (58.0)
No 8 (10.8) – 8 (11.0) – 7 (14.0)

Were you involved as much
as you wanted in decisions
about symptoms and care?

Yes, definitely 41 (55.4) 1.31 (0.61, 2.85) 32 (43.2) 0.87 (0.40, 1.89) 22 (44.9)
Yes, to some extent 26 (35.1) 1 (base) 38 (51.4) 1 (base) 19 (38.8)
No 7 (9.5) – 4 (5.4) – 8 (16.3)

Were you given the
opportunity to talk
about worries and
fears with regard
to symptoms?

Yes, definitely 41 (55.4) 2.18 (0.79, 6.06) 27 (36.5) 2.46 (0.79, 7.63) 18 (36.0)
Yes, to some extent 17 (23.0) 1.20 (0.41, 3.51) 37 (50.0) 3.91 (0.41, 3.51) 18 (36.0)
No 16 (21.6) 1 (base) 10 (13.5) 1 (base) 11 (22.0)
Had no worries or fears 0 (0.0) – 0 (0.0) – 3 (6.0)

Did the different people
treating and caring
for you work well
together to give you
the best possible care?

Yes, always 37 (50.0) 1.96 (0.84, 4.58) 27 (36.5) 1.16 (0.49, 2.74) 15 (30.0)
Yes, sometimes 23 (31.1) 1 (base) 31 (41.9) 1 (base) 23 (46.0)
No, never 6 (8.1) – 8 (10.8) – 4 (8.0)
Can’t remember 1 (1.4) 0.99 (0.29, 3.41) 2 (2.7) 0.81 (0.23, 2.83) 3 (6.0)
Not relevant 7 (9.5) – 6 (8.1) – 5 (10.0)

(Continued)
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Table 4. (Cont’d)

Chronic pain FM criteria

FM diagnosisValue MORadj (95% CI)† Value MORadj (95% CI)

Did health care staff
offer family, carers,
friends opportunity
to be involved in
decisions about
symptoms and care?

Yes, always 12 (16.9) 1.67 (0.51, 5.47) 6 (8.6) 2.94 (0.93, 9.27) 2 (4.1)
Yes, sometimes 5 (7.0) – 16 (22.9) – 4 (8.2)
No, never 28 (39.4) 1 (base) 25 (35.7) 1 (base) 20 (40.8)
No family etc. available 11 (15.5) 1.19 (0.37, 3.78) 12 (17.1) 1.34 (0.42, 4.24) 8 (16.3)
Didn’t want involved 15 (21.1) 0.91 (0.34, 2.46) 11 (15.7) 0.87 (0.30, 2.53) 15 (30.6)

Did health care staff respond
to your individual needs?

Yes, at all times 34 (47.2) 2.03 (0.78, 5.27) 19 (26.0) 0.87 (0.33, 2.30) 15 (30.0)
Yes, most of the time 20 (27.8) 1.37 (0.51, 3.65) 28 (38.4) 1.43 (0.57, 3.60) 16 (32.0)
Yes, some of the time 13 (18.1) 1 (base) 18 (24.7) 1 (base) 16 (32.0)
No, never 5 (6.9) – 8 (11.0) – 3 (6.0)

Did health care staff do
everything they could
to make you feel
physically comfortable?

Yes, at all times 35 (48.6) 2.93 (1.02, 8.43) 30 (41.1) 1.90 (0.68, 5.28) 16 (32.0)
Yes, most of the time 26 (36.1) 2.10 (0.74, 6.01) 27 (37.0) 1.50 (0.55, 4.10) 18 (36.0)
Yes, some of the time 6 (8.3) 1 (base) 11 (15.1) 1 (base) 9 (18.0)
No, never 5 (6.9) – 5 (6.8) – 7 (14.0)

Did you have confidence
and trust in health
care staff?

Yes, always 41 (55.4) 2.02 (0.91, 4.46) 34 (47.2) 1.53 (0.69, 3.38) 18 (36.0)
Yes, sometimes 28 (37.8) 1 (base) 29 (40.3) 1 (base) 24 (48.0)
No 5 (6.8) – 9 (12.5) – 8 (16.0)

How helpful has your care
been in dealing with
the problems you
sought help for?

Extremely helpful 13 (17.8) 1.92 (0.74, 4.97) 13 (17.8) 1.24 (0.48, 3.19) 4 (8.0)
Very helpful 25 (34.3) – 18 (24.7) – 10 (20.0)
Helpful 19 (26.0) 1 (base) 23 (31.5) 1 (base) 17 (34.0)
A little helpful 11 (15.1) 0.64 (0.23, 1.80) 14 (19.2) 0.53 (0.20, 1.45) 16 (32.0)
Not at all helpful 5 (6.9) – 5 (6.9) – 3 (6.0)

Have health services helped
you to better understand
and manage your health?

Yes, definitely 22 (29.7) 1.36 (0.55, 3.35) 17 (23.3) 2.61 (0.98, 6.97) 5 (10.0)
Yes, to some extent 36 (48.7) – 45 (61.6) – 31 (62.0)
No 16 (21.6) 1 (base) 11 (15.1) 1 (base) 14 (28.0)

Overall, were you treated
with kindness and
understanding?

Yes, always 55 (75.3) 1.32 (0.57, 3.07) 52 (71.2) 1.22 (0.53, 2.80) 35 (67.3)
Yes, sometimes 17 (23.3) 1 (base) 19 (26.0) 1 (base) 17 (32.7)
No 1 (1.4) – 2 (2.7) – 0 (0.0)

Overall, did health care staff
keep you informed what
would happen next?

Yes, completely 35 (47.3) 6.13 (1.65, 22.76) 31 (42.5) 2.18 (0.73, 6.53) 16 (31.4)
Yes, to some extent 35 (47.3) 5.07 (1.40, 18.35) 32 (43.8) 1.93 (0.67, 5.61) 21 (41.2)
No 4 (5.4) 1 (base) 10 (13.7) 1 (base) 14 (27.5)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; FM = fibromyalgia; MORadj = adjusted multinomial
odds ratio.
† Adjusted for age, sex, NHS region, and deprivation.
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diagnosis groups, but there was less impact among people with
chronic pain across absenteeism, presenteeism, and difference
in activity impairment, the latter of which was statistically signifi-
cant (versus fibromyalgia diagnosis group coefficient –16.86
[95% CI –23.80, –9.91]).

Health care consultations and experiences. Respon-
dents in the fibromyalgia criteria group were most likely to report
a primary care or hospital consultation in the previous 3 months
(67% and 48%, respectively) followed by the fibromyalgia diagno-
sis group (61% and 42%, respectively), and then the chronic pain
group (57% and 34%, respectively), although the differences
between groups were not statistically significant. Admission to
hospital in the past 3 months was uncommon: 6%, 2%, and
4%, respectively. When asked about their experiences of health
care, people in the fibromyalgia diagnosis group reported fewer
positive experiences compared with the chronic pain group, with
the fibromyalgia criteria group usually reporting levels of positive
experience between these 2 groups (Table 4).

People who had received a diagnosis of fibromyalgia were
significantly less likely, in comparison to those in the chronic pain
group, to endorse the idea that “health care staff had done every-
thing possible to make [them] feel physically comfortable” (fibro-
myalgia diagnosis 32%, fibromyalgia criteria 41%, chronic pain
49%) and “that [they] were kept informed about what would hap-
pen next in their health care” (31%, 43%, 47%, respectively). They
were also less likely to agree with the statement “that (they) defi-
nitely had confidence and trust in health care staff” (36%, 47%,
55%, respectively) and “that [their] care was very or extremely
helpful in dealing with the problems [they] sought help for” (28%,
43%, 52%, respectively). Both the fibromyalgia diagnosis group
(28%) and fibromyalgia criteria group (30%) were less likely to
agree with the statement “that [they] had been given clear and
understandable information about [their] symptoms and care”
compared with the chronic pain group (43%).

DISCUSSION

In this population survey, we found that people whose symp-
toms met the criteria for fibromyalgia, but who had not received a
diagnosis, had symptoms with an impact (including on work) that
was very similar to that in people who had received such a diagnosis.
In both cases, thosewith andwithout a diagnosiswho fulfilled the cri-
teria had symptoms that were having a greater impact than were the
symptoms of people with chronic pain. People with a diagnosis of
fibromyalgia reported more negative experiences of health care.

There are some methodologic issues to consider in interpret-
ing the results. First, while the sampling frame was population-
based for the original MAmMOTH screening survey, people were
only invited to take part in the current study if they had responded
to the MAmMOTH screening questionnaire and had indicated a
willingness for future contact. Further, to be eligible for the current

study, participants needed to have told us either that they had
received a diagnosis of fibromyalgia or that they had a fibromyal-
gia symptom score of at least 12 (of a maximum of 31). This score
is relatively high, so that those people in the chronic pain group
who participated in the study were at the most severe end of
chronic pain and may have displayed at least some features typi-
cal of people with fibromyalgia. As a result, the chronic pain group
here is less typical of the broader group of chronic pain patients
and potentially less different from the fibromyalgia groups. There-
fore, the differences we have seen between the chronic pain and
both fibromyalgia groups in this study are very likely to be an
underestimate of the true differences.

Second, while the fibromyalgia criteria group met research
criteria and reported that they had not received this diagnosis,
they may well have had fibromyalgia. People in the fibromyalgia
criteria group were more likely to report other musculoskeletal
diagnoses, and the criteria for fibromyalgia are valid even in the
context of another diagnosis (1). Certainly, the similarity was strik-
ing between the fibromyalgia criteria and the fibromyalgia diagno-
sis groups across the domains studied. Third, important health
care experiences (beyond patient satisfaction and patient-
reported outcomes) and unmet needs/service gaps were
quantified. To the best of our knowledge, this is the first quantita-
tive survey using a patient-reported experience measure in
relation to fibromyalgia/chronic pain.

From an epidemiologic perspective, fibromyalgia lies at one
end of the pain spectrum in terms of the role of etiologic factors.
While both physical trauma and psychosocial factors are impor-
tant, the latter are relatively more important, for example, than for
pain that is more localized and has been present for a shorter time
(15). The data on symptom impact and health service–related fac-
tors also suggest that patients with fibromyalgia lie at one end of a
spectrum. While the concept of primary and secondary fibromyal-
gia is no longer considered appropriate, physicians increasingly
recognize that fibromyalgia is commonly comorbid with a range
of other musculoskeletal conditions (4,16) and that management
of, for example, the comorbid inflammatory condition is not suffi-
cient to manage fibromyalgia symptoms (17). This study provides
evidence that the impact of fibromyalgia symptoms is similar in
those patients who meet the criteria, whether they have been
diagnosed or not. Indeed the coexistence of another condition
may make a diagnosis of fibromyalgia less likely and therefore
presumably also decrease appropriate management for fibromy-
algia (18).

One aspect in which people with a diagnosis and those who
met the criteria differed markedly was with respect to sex. Most
clinical studies of fibromyalgia report a very high ratio of female:
male cases, often of the order of 10:1, but population studies
show a much lower ratio, and specifically with more recent criteria
the ratio is close to 1 (2). This higher ratio is explained partly by
female patients reporting a greater likelihood of consulting
but is also likely due to the perception of fibromyalgia as a
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predominantly female disease and thus possible reticence to
make the diagnosis in men (19). Wolfe et al (2) have previously
highlighted this issue, which they concluded was partly related
to biased sampling in some studies, and specifically noted a
much lower sex ratio in studies using unbiased sampling strate-
gies. This important issue needs further study to clarify the rea-
sons for the discrepancy and thus allow diagnosis and
appropriate management for everyone who needs it.

The information on health and care provides important
information in terms of areas of unmet need. First, there is the
greater impact of fibromyalgia on work, and the important role
of pain, fatigue, and mental health in having to give up work.
A meta-analysis of 2,757 people in 4 trials of pregabalin in fibro-
myalgia demonstrated that a reduction in days lost from work
was importantly related to improvement in pain (20), while in a
study of 301 patients with fibromyalgia in clinics throughout
Spain, high levels of fatigue were an independent predictor of
temporary work disability (21). Patients with musculoskeletal
conditions have highlighted a lack of support from their rheuma-
tologist in enabling them to remain in work (22). Putting in place
services to enable greater work stability needs to be a priority,
and promising approaches are being evaluated (23). Further
effective approaches to management of fibromyalgia, such as
exercise and cognitive behavior therapy, have specifically been
shown to be beneficial for the symptoms that patients identify
as the barriers to remaining in work (24,25). However, many
people with fibromyalgia probably do not have access to such
therapies.

Previously, we reported that people with fibromyalgia
described that, after diagnosis, there were no clear “next steps”
(7). The current study confirms this finding: approximately 1 in
4 people who had received a diagnosis of fibromyalgia reported
that health care staff had not informed them about what would
happen next in their health care. Despite a care pathway having
been proposed for chronic widespread pain (including fibromyal-
gia) as a result of work undertaken by the British Pain Society,
there has been no meaningful uptake of this pathway (26). Both
the management guidelines and the proposed care pathway
acknowledge the key role of primary care, and thus consideration
as to the facilitators and barriers for effecting such a change
needs to be a key issue. This consideration could include increas-
ing awareness of what exists (diagnostic criteria and management
recommendations, including evidence-based therapies) and pro-
viding ongoing support (such as sharing information and planning
care for fibromyalgia) among primary care staff. The Royal College
of General Practitioners in the UK has a wide range of toolkits for
conditions and scenarios but not for fibromyalgia (Clinical Toolk-
its: rcgp.org.uk). In a study that included 809 primary care physi-
cians from 8 countries across Europe (including the UK), the
Americas, and Asia, 60% stated that making the diagnosis was
somewhat or very difficult, and just over half were not aware of
the American College of Rheumatology classification criteria (27).

In summary, this study highlights the importance of develop-
ing models of care for people with fibromyalgia to ensure a
prompt diagnosis and access to evidence-based approaches
that have been demonstrated to improve outcomes, while ensur-
ing ongoing support. Although certain components of a model of
care exist, consideration needs to be given about how these are
integrated, identifying gaps and prioritizing activities to ensure that
any proposed model of care is taken up. Specifically, this work
has highlighted the fact that the impact of fibromyalgia symptoms
is very similar between those with a diagnosis and those without a
diagnosis but who meet the criteria, that there needs to be aware-
ness of the condition in men, and in terms of management, that a
focus needs to be made on additional outcomes, such as work,
to facilitate people who wish to do so remaining in employment.
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Use of a Novel Electronic Auto-Notification Process to
Manage Transitions of Care in Patients With Rheumatic
Disease Receiving Disease-Modifying Antirheumatic Drug
Therapy

Megan Bielawski,1 Eric Newman,2 and Lisa L. Schroeder2

Objective. To integrate an auto-notification system into clinical workflow, so timely communication of sentinel
events (elective surgery, hospital admission, or emergency room [ER] visit) in immunosuppressed patients with rheu-
matic disease happened by design.

Methods. We developed an algorithm that triggered auto-notification within the electronic medical record to rheu-
matology when a patient experienced a sentinel event. A telephone encounter was created that included event type,
baseline therapy, and event date. This was forwarded to the rheumatologist, who recorded guideline-driven recom-
mendations and returned it to nursing. Instructions were included to communicate recommendations to the patient,
inpatient rheumatology team, or other clinician. This was studied over 4 months at a multispecialty medical practice
in Central Pennsylvania. Primary outcomes were percentage of total notifications, notifications by sentinel event type
where a change in care plan was recommended, as well as percentage of time where rheumatologists were notified
of sentinel events compared to prior to the intervention. The secondary outcome was staff work effort.

Results. Two hundred forty notifications were received (57% for elective surgeries, 39% for ER visits, and 4% for
admissions). The need for change in care plan was only 17% for ER visits but was 25% for hospital admissions and
44% for elective surgeries. The percentage of time that rheumatologists were notified of events increased from
57.6% to 100%. The average number of messages received per week was 2.2, requiring a weekly average of
13 minutes of work per physician.

Conclusion. We developed an easy, well-received process that hardwires rheumatologist notification sentinel
events to facilitate timely care.

INTRODUCTION

Effective communication is essential in caring for medically

complex patients with rheumatic diseases. When events such as
elective surgeries, hospital admissions, or emergency room
(ER) visits occur, communication between clinicians of different
specialties becomes even more critical to provide high-quality

patient care. Due to their immunocompromised state, patients
with rheumatic illnesses have been shown to have higher rates
of hospitalization for all causes compared to the general popula-
tion (1,2).

Inflammatory arthritides, especially rheumatoid arthritis
(RA) and other erosive arthritides, may require surgical interven-
tion due to joint destruction. Despite improvement in treatment

strategies over the past decade, RA patients still undergo joint
replacement surgeries due to osteoarthritis or RA-related damage
(3). RA remains an independent risk factor for postoperative
orthopedic infection (4,5), with infection rates 2–4 times higher
than those reported in patients without RA (6). National registries
of RA patients receiving anti–tumor necrosis factor therapies
report an increased risk of infection (7). Along with patients with
other inflammatory arthritides, patients with RA are also at a
higher risk of arthroplasty dislocation, postoperative mortality,
and a higher 90-day hospital readmission rate following a hip or
knee arthroplasty (8–12).

Ensuring adequate disease control and optimizing the immu-
nosuppressive regimen during the perioperative period are
opportunities to mitigate flare and infection risks. Until the recent
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publication of the American College of Rheumatology/American

Association of Hip and Knee Surgeons (ACR/AAHKS) guideline

(13), there had been no consensus guidance available to

address the optimum treatment strategy for patients taking

antirheumatic medications and scheduled for elective joint

replacement surgery.
Timely notification of a patient’s rheumatologist when an

immunosuppressed patient experiences a sentinel event (defined
as seen in the ER, scheduled for surgical procedure, or admitted
to one of the hospitals in our health system) and appropriate
treatment modifications if indicated is a challenge even with the
availability of an electronic medical record (EMR). This was
highlighted in our previous work, which found multiple communi-
cation gaps between rheumatology and other specialties when
RA patients were admitted to our institution using our usual care
process. That study also found care gaps in disease-modifying
antirheumatic drug (DMARD) management when patients
were in the perioperative period and when patients developed
an infection. Additionally, appropriate preoperative cervical spine
radiographs were infrequently performed (14). We found signifi-
cant areas for improvement in communication and care for our
patients with rheumatic disease who are immunosuppressed.

To address the communication gaps between clinicians
found in our prior study, we developed an auto-notification sys-
tem and integrated it within our EMR and into our clinical workflow
so that timely communication of sentinel events (elective surgery,
ER visit, or hospital admission) happened by design, not by acci-
dent. This then facilitated decisions regarding a patient’s treat-
ment regimen, whether it be holding a medication prior to
surgery, continuing a medication, or obtaining a cervical spine
radiograph when appropriate. The hope was this would then min-
imize postoperative infections, minimize disease flares, and limit

inappropriate discontinuation of or interactions between ER or
hospital medications and a patient’s antirheumatic medication(s).
A secondary goal was to understand how often these auto-
notifications resulted in a change to the patient’s care plan. To
our knowledge, this was the first time this novel notification sys-
tem for sentinel events had been developed and investigated in
this patient population.

PATIENTS AND METHODS

Setting. Geisinger is a large not-for-profit primary care and
multispecialty medical practice located in Central Pennsylvania.
The system uses an Epic EMR (Epic Systems Corporation) in all
outpatient and inpatient facilities. This study was conducted at
the Geisinger Medical Center campus in a practice comprised of
7 rheumatologists and 4 rheumatology fellows. The study was
evaluated by the Institutional Review Board (IRB) and was consid-
ered exempt from IRB oversight. This study took place over a
4-month period, from August to December 2019.

Description of intervention. In conjunction with the
information technology department, we developed an algorithm
that triggered an alert to be sent to the rheumatology department
via the EMR when a patient of interest (POI) experienced 1 of
3 sentinel events, which were: 1) hospitalization at a Geisinger
facility (captured by the status of admission); 2) ER visit (captured
by status of ER visit); and 3) procedure (captured by scheduling of
procedure in the Operation Scheduling module) (Figure 1). We
expanded the definition of POI from our prior study (14) to include
any return patient (seen by a rheumatologist in our group at least
twice within the past 14 months) who was potentially immuno-
compromised (taking a traditional DMARD, biologic DMARD,
JAK inhibitor, oral glucocorticoid, or any combination of the 3 of
these).

Once this auto-notification system was turned on, it continu-
ously ran in the background of the EMR and sent an alert to the
rheumatology nursing pool in-basket in real time whenever the
preset parameters for a patient and corresponding event of inter-
est were met. After the auto-notification was sent to the rheuma-
tology department’s nursing pool, the nurse then accessed the
patient’s chart to obtain which antirheumatic medications the
patient was currently taking. The nurse then used a SmartPhrase
to create a telephone encounter that included the date on which
the encounter was generated, the patient’s name, the type of
sentinel event, and baseline glucocorticoid and immunosuppres-
sive therapy (subcategorized into traditional DMARD, biologic
DMARD, and glucocorticoid dose of < or >20 mg of prednisone
equivalents [Figure 2]). This SmartPhrase containing smart data
elements (SDEs) was specifically developed for this notification
system. SDEs allowed the capture of specific text-based choices
for reporting purposes. SDEs are depicted in the highlighted
areas of Figures 2 and 3. Once all information was completed,

SIGNIFICANCE & INNOVATIONS
• Without knowledge of care teams or a communica-

tion process integrated into the clinical workflow,
communication and care handoff failures between
clinicians are extremely common, resulting in sub-
optimal patient care.

• We developed a process that hardwires rheumatol-
ogist notification of a sentinel event (elective sur-
gery, hospital admission, or emergency room visit)
occurring in his or her patient and facilitates timely
and relevant care.

• As a result of this integrated process, the percent-
age of time that clinicians were notified of their
patients’ sentinel events increased from 57.6%
to 100%.

• Reliable notification of a sentinel event in a rheuma-
tology patient taking a disease-modifying antirheu-
matic drug is important, as care plan changes were
needed more than one-third of the time.
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data on the encounter were forwarded to the patient’s rheumatol-
ogist for review.

The rheumatologist then documented their response in the
same telephone encounter using a physician SmartPhrase with
SDEs (Figure 3). This documentation contained 3 sections: Rec-
ommendations, Recommendation Details, and Communication.
In the Recommendations section, there were 2 options that the
rheumatologist could choose: agree with care plan – no action
needed, or changes needed as follows. If the agree with care plan
option was chosen, that section was complete. If changes to the
patient’s care plan were needed, a new set of selections was gen-
erated from which the physician chose. These included medica-
tion recommendations and whether the patient needed an
outpatient office visit, needed to be seen by the inpatient rheuma-
tology consult service, or needed a preoperative cervical spine
radiograph (for patients with seropositive RA for >10 years). The
rheumatologist was then able to free type any specific details in
the recommendation details section. This included, in the case of
biologic DMARDs and high-dose glucocorticoids, how long prior
to a scheduled elective surgery the medication should be held,
and when the patient should resume the medication after surgery.
The recommendations were based on the 2017 ACR/AAHKS
consensus guidelines for patients with rheumatic diseases under-
going elective total hip or total knee arthroplasty (13).

Finally, the communications section provided direction on
the next steps in the process. The nurse may have been asked
to notify the patient of the rheumatologist’s recommendations,
no communication may have been needed, or the rheumatologist
could have indicated that he or she would notify the patient, the
surgical team, the inpatient medical service, or the rheumatology
inpatient consult team of the recommendations. We also included
a section where the nurse and rheumatologist entered the
amount of time spent creating the encounter to allow us to calcu-
late how much time it took, on average, for the nurse and the
rheumatologist to address the sentinel event. Finally, this encoun-
ter was sent back to the nurse pool to complete the process.

The program was piloted for 1 month. During this time, it was
found that the system included procedures such as cataract sur-
gery, endoscopies, and other routine procedures that did not
require changes to a patient’s antirheumatic medications. Modifi-
cations were then made to exclude these events before imple-
menting the system throughout the department. All nurses,
rheumatologists, and rheumatology fellows were oriented to the
notification system during a department meeting and given writ-
ten materials on the process. After the initial pilot, we also recog-
nized that a couple of physician and nursing staff were not
completing the notifications completely. The study team met indi-
vidually with these staff for targeted training.

Outcomes of interest. The primary outcomes were the
percentage of total messages where a change in care plan was
recommended (medication recommendations, whether the
patient needed an outpatient visit, needed to be seen by the inpa-
tient rheumatology consult service, or needed a preoperative cer-
vical spine radiograph [for patients with seropositive RA for
>10 years]), as well as the percentage of messages where a
change in care plan was recommended broken down by sentinel
event type (ER visit, hospital admission, elective surgery) and the
percentage of time that rheumatologists were notified of sentinel
events compared to before the intervention. SecondaryFigure 2. Nursing review and documentation.

Figure 1. Workflow.
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outcomes included nursing and physician staff work effort mea-
sured in average number of minutes per message and average
minutes per week.

Data collection. The following data were collected for each
auto-notification message: patient name and medical record,
sentinel event type (seen at Geisinger ER, admitted to a Geisinger
hospital, or scheduled for surgical procedure), notification date,
date of scheduled surgery, medications used (nonbiologic
DMARD, biologic DMARDs, and/or glucocorticoid dose < or
>20 mg of daily prednisone equivalents), nurse chart review time,
physician chart review time, and action needed (no change in care
plan or change in care plan recommended). We ran a report of the
SDEs to calculate how often a change in care plan was recom-
mended for each sentinel event and the average time spent per
message by nurse and physician staff.

RESULTS

During this period, 240 completed notifications were
received (93 ER messages, 10 hospital admission messages,
and 137 elective surgery messages). Forty messages were
excluded from analysis due to missing some data elements (such
as the nurse not including the date of a scheduled elective sur-
gery, or the rheumatologist not completing the physician recom-
mendations portion of the process). These occurred at the initial
implementation of the intervention, when nurses and rheumatolo-
gists were still becoming accustomed to the auto-notification pro-
cess, as mentioned above. Final calculations were thus based on
a cohort of 200 patients. Of the auto-notifications, 57% were for
elective surgeries, 39% for ER visits, and only 4% for hospital
admissions.

In terms of concomitant medications, 64% of patients were
taking nonbiologic DMARDs, 33% were taking a biologic
DMARD, and 49% of patients were taking any dose of predni-
sone. Four percent of patients were taking >20 mg of prednisone
per day. The percentage of patients taking a biologic DMARD
or >20 mg of prednisone per day were of interest, as both can
significantly increase the risk of infection if continued periopera-
tively and increase the risk of flare if they are held for an inappro-
priate amount of time.

The overall need for change in care plan occurred 34% of the
time. It was less common for ER visits (17%) but was 25% for
hospital admissions and 44% for elective surgeries. The time dif-
ference between the date that the rheumatology department
was notified of an elective surgery and the scheduled date of the
surgery was also assessed. The median number of days in this
interval was 19.5, with an interquartile range of 23.8. If it was dis-
covered that there was not enough time between the notification
date and the elective surgery date to appropriately hold the
patient’s medication(s), we were then able to contact the surgeon
to reschedule the procedure to decrease the risk of the patient
contracting an infection.

The time commitment by the rheumatology team was mini-
mal. The rheumatology nurse spent an average of 5 minutes for
each patient, and the rheumatologists spent an average of
5.9 minutes. The average number of messages that rheumatolo-
gists received per week was 2.2, resulting in only 13 minutes of
work for each physician per week. The nurse navigator received
10 messages per week, resulting in 50 minutes of work per week
for the entire department. The percentage of time that clinicians
were notified of sentinel events in their patients increased from
57.6% to 100%, as determined by the historical study of RA
patients admitted to our hospitals prior to our intervention (14).

Figure 3. Physician review and documentation. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24721/abstract.
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Structured verbal feedback on the intervention was soli-
cited from nursing and physician staff during our monthly best
practice conferences, and most staff thought that the project
was valuable and easy to do. Through consensus feedback
from staff, the group decided to continue to receive notifica-
tions after completion of the study period. Rheumatology staff
at other campuses within our organization also expressed
interest in participating in the future. Rheumatologists
expressed surprise at the frequency with which our patients
sought emergency, hospital, or surgical care. We also realized
that despite counseling about perioperative and infection med-
ication management when starting DMARD therapy, this was
often not remembered by patients when a sentinel event
occurred, and repeated counseling is warranted.

DISCUSSION

Without knowledge of the care team, and no communication
process integrated into the clinical workflow, communication and
care handoff failures were extremely common in our preinterven-
tion study, resulting in suboptimal care. In the case of our
rheumatology patients, especially those receiving DMARDs, this
significantly influenced whether a patient had a disease flare or
developed an infection postoperatively (14). It also affected
patients in the ER or the hospital, whose medication may have
been inappropriately held or continued, or who may have been
started on a medication that interacted with one of their antirheu-
matic medications.

Prior to the initiation of our auto-notification process, the per-
centage of time that rheumatologists at our institution were being
notified of sentinel events in their patients was only 57.6% (14);
after our process was implemented, this rose to 100%. This is
vital, as it was found that changes in patients’ care plans were
needed 34% of the time, most often for patients taking biologic
DMARDs or >20 mg of prednisone per day. Many of the study
patients, 64%, were taking nonbiologic DMARDs, either alone or
in combination with a biologic and/or prednisone. Most of these
medications did not need to be held perioperatively, per the
2017 ACR/AAHKS consensus guidelines for patients with rheu-
matic diseases undergoing elective total hip or total knee arthro-
plasty (13). It was also important to receive notifications of these
patients’ ER visits or hospital admissions, as they may have been
prescribed a medication that was contraindicated in combination
with their DMARD, or their nonbiologic DMARD may have been
erroneously stopped, leading to disease flare.

One of the most significant results was the time interval
between receipt of the event notification and the date of elective
surgery. This was applicable to our patients taking biologic
DMARDs and/or high-dose glucocorticoids, as these medica-
tions may require holding or adjusting a dose weeks before sur-
gery. The median number of days in the interval was found to be
19.5, with an interquartile range of 23.8 days. The frequency with

which rescheduling of surgery was required was not captured
discretely, but the median time interval between notification date
and scheduling date allowed ample time to make the needed
DMARD changes presurgery for almost all medications, except
potentially rituximab, a drug that was uncommonly used in our
population who were undergoing elective surgeries. Therefore,
this notification process was very useful in the case of medica-
tions that need to be held or adjusted 3 weeks or less prior to
surgery.

Due to the lower percentage of time that ER notifications
resulted in a change in care plan (17%), we considered removing
this from our notification process and including only hospital
admissions and elective surgeries. However, after discussion
among our rheumatology department, we decided to keep the
ER notifications, as it was felt to be useful to know if our patients
were requiring emergency treatment. This was especially helpful
in cases where a patient may have been prescribed medications
in the ER that had the potential to interact with ≥1 of their
antirheumatic medications. Additionally, they may have had an
infection that led to an ER visit but was not severe enough to
warrant hospitalization. The rheumatologist was then able to
contact the patient if a biologic medication would need to be
held due to infection.

Implementing the auto-notification process has proven to be
extremely valuable in the care of our patients, with minimal addi-
tional time commitment from the rheumatologists and nurses.
This process resulted in only 13 minutes of additional work for
each rheumatologist per week and only 50 minutes per week
for the department overall, making this a very manageable
process.

There were some limitations to the program. First, it was user
dependent. Therefore, if data elements weren’t completed, as
was the case with some of our initial data, the process did not
proceed appropriately. However, after an initial training period, all
nurses and rheumatologists in our department completed the
notification responses accurately. Another limitation of the initial
auto-notification algorithmwas the variable timing of when an alert
for a surgical procedure was generated. Occasionally, the trigger
for a notification did not happen until the actual day of surgery,
when the patient’s chart was accessed in the operating room.
This occurred because the algorithm searched for the addition of
the patient to the Operating Time surgery module in the EMR.
Therefore, if the patient was scheduled for emergent surgery, or
was added on for a same- or next-day surgery, the notification
did not reach the rheumatologist in time to make medication or
other treatment recommendations. Additionally, the notification
only triggered an alert if a patient visited an ER or hospital or
scheduled surgery with a clinician within our integrated health
care system and missed those patients who sought care in other
locations.

We developed a process that hardwires notification of the
rheumatologist for a sentinel event occurring in his or her patient
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and facilitated timely and relevant care. With this automated pro-
gram, care communication failures fell from 42.4% to 0%. As
changes to the care plan were needed 34% of the time, this noti-
fication was crucial to our patient care. The process was easy,
reliable, and well received in the department. As the program
was effective in improving patient care and outcomes, other
departments at our institution, such as pulmonology, began using
this same process for their patient population. We hope to
expand this notification process to rheumatology practices at
other campuses within our health care system. Since this inter-
vention was implemented, we have introduced clinical pharma-
cists into our rheumatology practice. This notification system
may help target patients who warrant closer telehealth follow-up
by our rheumatology clinical pharmacists after they experience a
sentinel event. Any specialty that manages biologic medications,
such as neurology, gastroenterology, and dermatology, could
benefit from implementing an auto-notification process into their
clinical practice.
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Obesity and Response to Advanced Therapies in
Rheumatoid Arthritis

Joshua F. Baker,1 George Reed,2 Dilli Ram Poudel,3 Leslie R. Harrold,4 and Joel M. Kremer5

Objective. We performed a study of tumor necrosis factor inhibitors (TNFi) compared to non-TNFi biologic
therapies in rheumatoid arthritis to test whether body mass index (BMI) modified the effect of each therapy.

Methods. We utilized data from CorEvitas. We studied 3 clinical outcomes based on the Clinical Disease Activity
Index (CDAI) at 6 months from therapy initiation: 1) achievement of low disease activity (LDA); 2) a change as large as
the minimum clinically important difference (MCID); and 3) the absolute change. We categorized BMI and utilized
restricted cubic splines to consider nonlinear associations. We used linear and logistic regression to evaluate associa-
tions with response, adjusting for confounders. To determine if comparative effectiveness of therapy varied by BMI, we
tested for interactions between BMI and class of therapy.

Results. The sample included 2,891 TNFi and 3,010 non-TNFi initiators. Among all initiators, those with severe
obesity experienced lower odds of achieving LDA or MCID and less improvement in CDAI score, although associations
were attenuated with adjustment. Low BMI was associated with reduced response rates in adjusted models including
lower odds of LDA (odds ratio 0.32 [95% confidence interval (95% CI) 0.15, 0.71], P = 0.005). Analyses stratified by
TNFi and non-TNFi therapies demonstrated no differences in clinical response rates for TNFi versus non-TNFi across
BMI categories (all P for interaction >0.05). Estimates for non-TNFi biologics fit within the 95% CI for TNFi.

Conclusion. This study observed lower response rates among obese and underweight patients and no evidence of
a superior effect of non-TNFi therapy over TNFi therapy in particular BMI categories.

INTRODUCTION

There has been increasing interest in the precision use of bio-
logic therapies in rheumatoid arthritis (RA), as the trial-and-error
approach results in delays in achieving adequate disease control
for many patients. Few patient characteristics have been defined
to help inform the appropriate choice of initial therapy for the
disease.

A number of studies have evaluated whether obesity, one of
the most common comorbid conditions in patients with arthritis,
might influence the response to biologic therapies for RA as sum-
marized in recent reviews, pooled analyses, and meta-analyses
(1–5). These studies have suggested lower rates of clinical
response among obese patients with RA (6,7), although they also

demonstrate a high rate of heterogeneity and some evidence of
publication bias (1). The evidence to date has, therefore, not
allowed the rheumatology community to reach a consensus
regarding whether obesity is associated with a refractory disease
phenotype nor how the presence of obesity should modify the
choice of RA therapy.

While obesity can influence symptoms of the disease
through an association with osteoarthritis, centralized pain, and
other comorbid conditions (8–10), it remains unclear whether
poor response to therapy in obese patients might also be related
to an influence on inflammatory or immune pathways. In addition,
an important limitation of prior research is the absence of studies
directly comparing the efficacy of RA therapies in the context of
obesity. If obesity is associated with poor response to all
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therapies, then it cannot inform treatment decisions. A head-to-

head comparison of RA treatments by weight status, to date not

performed to our knowledge, would provide the critical informa-

tion to guide decisions in clinical practice.
To address this gap in the knowledge, and determine

whether weight and obesity might be used to inform treatment
decisions, we performed a head-to-head study using long-term
observational data from the CorEvitas US observational registry
comparing standardized outcomes in patients initiating tumor
necrosis factor inhibitors (TNFi) compared with non-TNFi biologic
therapies and directly tested whether obesity modified the effect
of therapy.

MATERIALS AND METHODS

We utilized data from the CorEvitas (formerly Corrona) data-
base. This registry was initiated in 2001 and is the largest inde-
pendent database in North America collecting standardized
outcome metrics from both rheumatologists and patients at inter-
vals of every 3–6 months. We included all participants enrolled
through April 30, 2021. Data are collected using structured case
report forms that include medication use and dose, height,
weight, RA clinical disease activity, function, comorbid illnesses,
and adverse events (11). We included participants with a diagno-
sis of RA initiating either TNFi or non-TNFi biologic therapies as
second- or third-line therapy (to reduce bias due to use of TNFi
preferentially as first-line biologics). Patients in low disease activity
(LDA) at therapy initiation or who did not have a 6-month follow-
up visit were excluded. A flow chart for study inclusion is shown
in Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24867, and characteristics of those missing key data are
shown in Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24867.

This study was carried out in accordance with the Declara-
tion of Helsinki, and all patients were required to provide written

informed consent and authorization prior to participating. All par-
ticipating investigators were required to obtain full Institutional
Review Board (IRB) approval for conducting noninterventional
research involving human subjects. Sponsor approval and
continuing review was obtained through a central IRB
(the New England Independent Review Board, NEIRB number
120160610). For academic investigative sites that did not receive
a waiver to use the central IRB, full approval was obtained from
the respective governing IRBs, and documentation was submit-
ted to CorEvitas prior to initiating any study procedures. Patients
were not involved in the design, or conduct, or reporting, or
dissemination plans of this research.

Definitions of obesity. We evaluated the effect of body
mass index (BMI) and obesity in 3 ways. We used World Health
Organization guidelines to categorize BMI as underweight (<18.5
kg/m2), normal weight (≥18.5–24.9 kg/m2), overweight (≥25–
29.9 kg/m2), obese (≥30–34.9 kg/m2), and severely obese (≥35
kg/m2). We also dichotomized the exposure and compared obe-
sity (BMI >30 kg/m2) to normal and overweight (BMI 20–30
kg/m2). Finally, we explored BMI as a continuous variable, utilizing
restricted cubic splines to consider nonlinear associations with
the outcomes of interest.

Response outcomes. We studied 3 disease activity out-
comes based on the Clinical Disease Activity Index (CDAI) at
6 months. These included the achievement of LDA (CDAI
score <10), the achievement of a change at least as large as the
minimum clinically important difference (MCID) (12), and the abso-
lute change in CDAI score from baseline. The MCID cut points for
improvement have been previously described as 12 for patients
starting with a high CDAI score, 6 for those with a moderate CDAI
score, and 1 for those with a low CDAI score.

For the binary outcomes, we imputed nonresponse if the ini-
tiator switched therapy prior to 6 months. For the change in CDAI
score we used last observed CDAI score prior to switching. If the
initiator discontinued therapy but did not start another biologic
therapy by 6 months, we used the actual response at 6 months.

Covariable assessments. A number of covariables were
collected at each registry visit. We evaluated factors prehypothe-
sized to represent important predictors of response to therapy
and included age, sex, race, comorbidities, smoking, CDAI score,
use of other RA therapies including prednisone, prior biologic
disease-modifying antirheumatic drug (bDMARD) therapies, and
disease duration.

Statistical analysis.We used descriptive statistics to eval-
uate differences in covariates across BMI categories and between
TNFi and non-TNFi initiators in order to inform adjusted models.
We used mixed-effects logistic regression to evaluate the odds
of achievement of LDA and MCID for CDAI score within the

SIGNIFICANCE & INNOVATIONS
• Obesity and underweight are each associated with

lower clinical response rates at 6 months among
patients initiating advanced therapies for rheuma-
toid arthritis.

• This is the first study to compare the efficacy of
tumor necrosis factor inhibitors (TNFi) to non-TNFi
therapies among obese patients.

• The efficacy of TNFi and non-TNFi therapies was sta-
tistically similar among patients across the range of
body mass.

• These findings suggest that obesity should not influ-
ence the choice of therapy between these options.
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6 months after starting therapy across BMI categories in the over-
all sample. Models were adjusted for a number of potential con-
founders, including baseline CDAI score, sex, age, disease
duration, number of prior bDMARDs, prednisone use, smoking
status, history of diabetes mellitus, hypertension, depression,
and clustering by site. Mixed-effects models were estimated that
accounted for potential correlation of initiations within site and
potential differences across site in efficacy. A random effect of
each site was estimated and adjusted for in the analyses. We also
used mixed-effects linear regression to evaluate the absolute
change in CDAI score across BMI categories, adjusting for con-
founders and clustering by site. To determine if the effect of ther-
apy varied by BMI, we tested for interactions between BMI
category and class of therapy (TNFi versus non-TNFi biologics)
in the above models.

To characterize the association between obesity and clinical
response more comprehensively, we used restricted cubic
splines to evaluate BMI as a continuous variable while considering

the nonlinear association between BMI and clinical outcomes.
Linear splines approximated the cubic spline fit in order to provide
an approximate effect of BMI (per 1 kg/m2) above and below the
estimated BMI for peak efficacy from the cubic spline (13). This
allowed the analysis to better characterize nonlinear associations
between BMI and clinical response. We used these models to
provide adjusted predicted probabilities of LDA, MCID, and the
absolute change in CDAI score within patients taking TNFi and
those not taking TNFi and illustrated these predicted probabilities
and the resulting confidence intervals.

In order to assess whether obesity might have influenced
response to therapy through differences in drug distribution,
we performed a sensitivity analysis evaluating associations
between BMI and clinical response among both weight-based
(administered on a mg/kg basis or dosed based on a weight
threshold) versus fixed-dose therapies. To evaluate the impact
of potential outliers, we also assessed associations between
BMI and clinical response after excluding patients with

Table 1. Baseline patient characteristics by body mass index (BMI) category*

Underweight
Normal
weight Overweight Obese I

Severely
obese II

P(n = 57) (n = 1,408) (n = 1,724) (n = 1,299) (n = 1,413)

Age, years 63.6 ± 16.0 58.6 ± 15.3 59.2 ± 12.2 58.4 ± 11.9 55.9 ± 11.3 <0.001
Male, no. (%) 5 (8.8) 208 (14.8) 418 (24.2) 312 (24.1) 197 (14.0) <0.001
White, no. (%) 53 (91.2) 1,265 (91.5) 1,537 (90.2) 1,144 (89.8) 1,228 (88.1) <0.001
Black, no. (%) 4 (7.0) 38 (2.7) 94 (5.5) 82 (6.4) 127 (9.1)
BMI 16.8 ± 1.1 22.4 ± 1.8 27.5 ± 1.4 32.3 ± 1.4 41.2 ± 5.6 <0.001
Smoking, no. (%)
Never 20 (36.4) 704 (50.4) 777 (45.4) 635 (50.7) 697 (49.6) <0.001
Previous 14 (22.5) 408 (29.2) 671 (35.5) 447 (30.6) 551 (35.7)
Current 21 (38.2) 286 (20.5) 358 (19.2) 265 (18.7) 232 (14.7)

Duration RA 17.4 ± 13.4 12.8 ± 10.9 11.6 ± 10.1 11.0 ± 9.4 9.5 ± 8.3 <0.001
CDAI score 25.8 ± 11.7 25.6 ± 12.5 25.5 ± 12.2 25.5 ± 12.1 25.5 ± 11.9 0.99
Tender joint count in
28 joints

9.2 ± 6.5 9.0 ± 7.0 9.0 ± 7.0 9.1 ± 7.2 9.3 ± 7.1 0.69

Swollen joint count in
28 joints

7.0 ± 5.7 7.3 ± 5.7 7.1 ± 5.6 6.9 ± 5.7 6.4 ± 5.5 0.001

PtGA score 54.2 ± 27.1 49.6 ± 25.0 51.7 ± 24.3 55.4 ± 23.2 57.7 ± 23.1 <0.001
PhGA score 41.7 ± 23.0 42.7 ± 20.8 42.1 ± 20.9 40.0 ± 20.4 39.9 ± 20.6 <0.001
Patient assessment of pain 57.4 ± 24.9 52.7 ± 26.0 54.1 ± 25.4 57.8 ± 25.5 60.0 ± 24.0 <0.001
M-HAQ score 0.80 ± 0.69 0.61 ± 0.53 0.61 ± 0.51 0.67 ± 0.51 0.75 ± 0.52 <0.001
Diabetes mellitus, no. (%) 2 (3.5) 55 (3.9) 139 (8.1) 169 (13.0) 269 (19.0) <0.001
CVD, no. (%) 9 (15.8) 156 (11.1) 211 (12.2) 188 (14.0) 188 (13.3) 0.16
Cancer, no. (%) 4 (7.0) 109 (7.7) 132 (7.7) 82 (6.3) 107 (7.6) 0.61
Hypertension, no. (%) 10 (17.5) 330 (23.4) 480 (27.8) 496 (38.2) 595 (42.1) <0.001
Depression, no. (%) 9 (15.8) 306 (21.7) 404 (23.4) 305 (23.5) 424 (30.0) <0.001
TNFi (vs. non-TNFi), no. (%) 26 (46) 653 (46) 865 (50) 629 (48) 718 (51) 0.13
Prednisone, no. (%) 24 (42.1) 517 (36.7) 557 (32.3) 422 (32.5) 421 (29.8) 0.001
Methotrexate, no. (%) 22 (38.6) 708 (50.3) 886 (51.4) 682 (52.5) 767 (54.3) 0.06
csDMARD, no. (%) 35 (61.4) 965 (68.5) 1,193 (69.2) 924 (71.1) 1,043 (73.8) 0.008
Line of therapy, no. (%)
2nd line 33 (57.9) 856 (60.8) 1,047 (59.8) 777 (59.8) 833 (59.0) 0.82
3rd line 24 (42.1) 552 (39.3) 522 (39.3) 580 (40.2) 580 (41.0)

* Values are the mean ± SD unless indicated otherwise. CDAI = Clinical Disease Activity Index;
csDMARD = conventional synthetic disease-modifying antirheumatic drug; CVD = cardiovascular disease;
M-HAQ = modified Health Assessment Questionnaire; PhGA = physician global assessment of disease activity;
PtGA = patient global assessment of disease activity; RA = rheumatoid arthritis; TNFi = tumor necrosis factor
inhibitor.
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very low BMI (<18.5 kg/m2). We also used inverse probability
weighting to account for the potential effect of missing data in
the analysis. This approach yielded highly similar results to the
primary analysis (data not shown).

RESULTS

A total of 5,901 initiations in 5,050 unique patients were
included in the current analysis. Of these, 2,712 were either obese
or severely obese (46%) at time of initiation, with a mean ± SD
BMI for the group of 30.5 ± 7.6. There were a number of patient
characteristics that were different by BMI category including age,
modified Health Assessment Questionnaire (M-HAQ) score, sex,
race, smoking status, comorbidities, prednisone use, and con-
ventional synthetic DMARD (csDMARD) use (Table 1). There were
no differences in the number of prior bDMARDs.

The sample included 2,891 TNFi initiators and 3,010 non-
TNFi initiators. Initiators of non-TNFi therapies were older, had
longer disease duration, higher CDAI score, higher M-HAQ score,
were more likely to use prednisone, less likely to use csDMARDS,
more likely to be initiating third-line biologic therapy, and more
likely to have comorbidities including cardiovascular disease, can-
cer, and hypertension compared to initiators of TNFi (Table 2).

There was a similar rate of drug discontinuation and switching
across BMI categories over 6 months of follow-up among both
TNFi and non-TNFi initiators (P = 0.682; see Supplementary
Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24867).

In analyses including all biologic initiators, initiators with
severe obesity experienced significantly lower odds of achiev-
ing LDA or MCID response and less improvement in the CDAI
score (Table 3). In adjusted models, these associations were
no longer statistically significant. For example, severe obesity
was associated with numerically lower odds of LDA, although
the confidence interval crossed 1 in adjusted models (odds
ratio [OR] 0.88 [95% confidence interval (95% CI) 0.74,
1.06], P = 0.18).

In adjusted models, low BMI (compared to normal BMI) was
associated with significantly lower odds of achievement of LDA
(OR 0.32 [95% CI 0.15, 0.71], P = 0.005) and MCID (OR 0.40
[95% CI 0.21, 075], P = 0.005) and more modest improvements
in CDAI score (β 4.33 [95% CI 1.26, 7.40], P = 0.006). The latter
coefficient suggests a 4-point lesser improvement among those
with low BMI compared to normal weight.

Analyses stratified by TNFi and non-TNFi therapies demon-
strated similar observations, with no significant differences in the

Table 2. Characteristics of patients initiating tumor necrosis factor inhibitor (TNFi) and non-TNFi biologics*

Non-TNFi TNFi
P(n = 3,010) (n = 2,891)

Age, years 59.4 ± 12.7 56.31 ± 12.90 <0.001
Male, no. (%) 601 (20.0) 539 (18.7) 0.18
White, no. (%) 2,678 (90.4) 2,549 (89.5) 0.02
Black, no. (%) 161 (5.4) 184 (6.5)
BMI, kg/m2 30.4 ± 7.5 30.7 ± 7.7 0.03
Smoking, no. (%)
Never 1,452 (48.6) 1,399 (48.7) 0.09
Previous 1,012 (33.9) 914 (31.8)
Current 523 (17.5) 559 (19.5)

RA duration, years 12.2 ± 10.3 10.4 ± 9.3 <0.001
CDAI score 26.1 ± 12.3 24.9 ± 12.0 <0.001
Tender joint count in 28 joints 9.3 ± 7.1 8.8 ± 7.0 0.02
Swollen joint count in 28 joints 7.2 ± 5.8 6.6 ± 5.5 <0.001
PtGA score 54.0 ± 23.8 52.9 ± 24.5 0.08
PhGA score 41.8 ± 20.7 41.6 ± 20.6 0.03
Patient assessment of pain 56.8 ± 25.1 55.5 ± 25.7 0.10
M-HAQ score 0.68 ± 0.53 0.63 ± 0.51 <0.001
Diabetes mellitus, no. (%) 323 (10.7) 311 (10.8) 0.97
CVD, no. (%) 421 (14.0) 325 (11.2) 0.002
Cancer, no. (%) 249 (8.3) 185 (6.4) 0.006
Hypertension, no. (%) 1,025 (34.1) 866 (30.6) 0.002
Depression, no. (%) 725 (24.1) 723 (25.0) 0.27
Prednisone, no. (%) 1,070 (35.5) 871 (30.1) <0.001
Methotrexate, no. (%) 1,496 (49.7) 1,569 (54.3) <0.001
csDMARD, no. (%) 2,174 (67.9) 2,398 (72.6) <0.001
Line of therapy, no. (%)
2nd line 1,469 (48.8) 2,077 (71.8) <0.001
3rd line 1,541 (51.2) 814 (28.2)

* Values are the mean ± SD unless indicated otherwise. BMI = body mass index; CDAI = Clinical Disease Activity
Index; csDMARD = conventional synthetic disease-modifying antirheumatic drug; CVD = cardiovascular disease;
M-HAQ = modified Health Assessment Questionnaire; PhGA = physician global assessment of disease activity;
PtGA = patient global assessment of disease activity; RA = rheumatoid arthritis.
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effect of TNFi or non-TNFi on clinical response across BMI cate-
gories (all P for interaction >0.05) (Table 4). For example, severe
obesity was not associated with LDA among either TNFi
(OR 0.96 [95% 0.74, 1.23]) or non-TNFi biologic therapies
(OR 0.82 [95% CI 0.64, 1.05]), with no difference in the associa-
tion between obesity and clinical response across the 2 therapies
(P for interaction = 0.68). Similar patterns of association were
observed for MCID (Table 4) and for the absolute change in CDAI
score at 6 months (see Supplementary Table 3, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24867), with no evidence of statistical
interaction.

In models incorporating restricted cubic splines, the best
response rates were observed among patients with a BMI near
27 kg/m2 (see Supplementary Figure 2 available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24867). Quantitative trends were approximated

using linear splines (see Supplementary Figure 3 available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24867). There was a decrease in the likeli-
hood of achievement of LDA and MCID as BMI decreased below
27 kg/m2 (OR for LDA [per 1 kg/m2] 0.959 [95% CI 0.931, 0.987];
OR for MCID [per 1 kg/m2] 0.969 [95% CI 0.943, 0.996]). As BMI
increased above 27 kg/m2, the odds of achievement of LDA and
MCID also decreased (OR for LDA [per 1 kg/m2] 0.979 [95% CI
0.968, 0.990]); OR for MCID [per 1 kg/m2] 0.988 [95% CI 0.978,
0.998]). The absolute change in CDAI score also fits a similar
pattern, with less of a reduction in CDAI score for each 1 kg/m2

below a BMI of 27 kg/m2 (β 0.159 [95% CI 0.019, 0.300]) and less
of a reduction in CDAI score for each 1 kg/m2 >27 kg/m2 (β 0.070
[95% CI 0.016, 0.124]). In these analyses using restricted cubic
splines, there were no significant interactions in the effect of BMI
by TNFi or non-TNFi therapies. Figure 1 demonstrates that
the estimates for non-TNFi biologics fit within the 95% CI for TNFi

Table 3. Disease response by body mass index (BMI) category in the overall sample for unadjusted and adjusted models*

CDAI LDA
unadjusted,
OR (95% CI)

CDAI LDA
adjusted,

OR (95% CI)†

CDAI MCID
unadjusted,
OR (95% CI)

CDAI MCID
adjusted,

OR (95% CI)†

ΔCDAI
unadjusted,
β (95% CI)

ΔCDAI adjusted,
β (95% CI)†

BMI category
Underweight 0.34 (0.16, 0.2) 0.32 (0.15, 0.71) 0.44 (0.24, 081) 0.40 (0.21, 0.75) 3.98 (0.34, 7.63) 4.33 (1.26, 7.40)
Normal 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 0 (ref.) 0 (ref.)
Overweight 1.11 (0.95, 1.29) 1.08 (0.92, 1.27) 1.01 (0.88, 1.17) 0.98 (0.84, 1.14) −0.24 (–1.21, 0.73) –0.26 (–1.7, 0.55)
Obese 1.02 (0.87, 1.20) 1.01 (0.85, 1.21) 1.04 (0.89, 1.21) 1.03 (0.88, 1.22) 0.25 (–0.79, 1.28) 0.24 (–0.64, 1.12)
Severely
obese

0.80 (0.68, 0.94) 0.88 (0.74, 1.06) 0.81 (0.70, 0.94) 0.89 (0.75, 1.05) 0.97 (–0.04, 1.98) 0.30 (–0.59, 1.18)

LR test P value <0.001 0.004 <0.001 0.015 0.030 0.015
Obese (vs.
non-obese)

0.76 (0.67, 0.87) 0.85 (0.74, 0.99) 0.81 (0.72, 0.91) 0.88 (0.77, 1.01) 0.99 (0.17, 1.82) 0.31 (–0.40, 1.02)

* 95% CI = 95% confidence interval; CDAI = Clinical Disease Activity Index; LDA = low disease activity; LR = likelihood ratio; MCID =minimum clin-
ically important difference; OR = odds ratio; ref. = reference.
† Adjusted for baseline CDAI score, sex, age, disease duration, line of therapy, prednisone use, smoking status, history of diabetes mellitus,
hypertension, depression, and clustering by site.

Table 4. Achievement of Clinical Disease Activity Index (CDAI) low disease activity (LDA) and minimum clinically important dif-
ference (MCID) (adjusted) by 6 months by body mass index (BMI) category and stratified by tumor necrosis factor inhibitor
(TNFi) and non-TNFi therapies (estimates derived from single regression model with interaction term)*

LDA

P
interaction†

MCID

P
interaction†

TNFi
OR (95% CI)

Non-TNFi
OR (95% CI)

TNFi
OR (95% CI)

Non-TNFi
OR (95% CI)

BMI category 0.678 0.266
Underweight 0.28 (0.08, 1.01) 0.35 (0.13, 0.97) 0.22 (0.07, 0.70) 0.56 (0.25, 1.23)
Normal 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Overweight 1.10 (0.87, 1.40) 1.07 (0.85, 1.33) 0.99 (0.80, 1.24) 0.98 (0.79, 1.21)
Obese 1.14 (0.88, 1.47) 0.91 (0.71, 1.16) 1.09 (0.87, 1.36) 0.92 (0.74, 1.12)
Severely
obese

0.96 (0.74, 1.23) 0.82 (0.64, 1.05) 0.86 (0.69, 1.07) 0.90 (0.71, 1.12)

Obese vs. non-
obese

0.88 (0.72, 1.08) 0.82 (0.67, 1.01) 0.613 0.85 (0.70, 1.02) 0.92 (0.76, 1.11) 0.524

* Adjusted for baseline CDAI score, sex, age, disease duration, line of therapy, prednisone use, smoking status, history of dia-
betes mellitus, hypertension, depression, and clustering by site. 95% CI = 95% confidence interval; OR = odds ratio; ref. =
reference.
† Based on likelihood ratio test of models with and without interaction term.
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biologics for analyses evaluating LDA, MCID, and absolute
changes in CDAI score, respectively.

The associations between BMI and clinical responses were
similar among therapies with weight-based dosing and those
without (see Supplementary Figure 4 available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24867). The associations were also similar when
excluding patients with a BMI of <18.5 kg/m2 (see Supplementary
Figure 5 available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24867).

DISCUSSION

We observed for the first time a similar reduction in response
to therapy among both TNFi and non-TNFi therapies among
patients with severe obesity. This is also among the first studies
to describe significant lower response rates among underweight
patients. The key advance over prior literature is the absence of
a significant difference in the effect of TNFi versus non-TNFi bio-
logics according to BMI in a well-powered comparative study.
These head-to-head results are important because they suggest
that the presence of obesity should not influence the choice of
TNF versus non-TNF therapy.

One of the key findings from the current analysis that
advances the literature is lack of effect modification for TNFi and
non-TNFi therapies across BMI categories. A number of prior
studies and meta-analyses have suggested poor response to
TNFi among patients who are obese (6,7,14). While we are not
aware of head-to-head comparative effectiveness studies in this
area, 1 study by Schafer et al (15) compared the association
between obesity and clinical response across RA therapies in a
large observational cohort study (Rheumatoid Arthritis: Observa-
tion of Biologic Therapy [RABBIT]). Among 10,593 RA patients,
followed for 5–10 years, they observed that, while the magnitude
of association between obesity and clinical response was similar
across all biologic therapies, a statistically significant association
was only observed among patients taking TNFi and tocilizumab
(15). Our current study suggests that a lack of response among
obese patients is not specific to TNFi therapies, suggesting that
this phenomenon is not biologically specific to the TNF pathway.
As noted, the direct impact of these observations is to suggest
that obesity should not inform the effectiveness of different clas-
ses of biologic therapies or factor into clinical decision-making.

This study used several outcomes to quantify overall clinical
response to therapy across BMI categories. We have, for what
we believe is the first time, also utilized restricted cubic splines to
evaluate the nonlinear association between BMI and response to
therapy in order to characterize these relationships more
completely. We observed for the first time that optimal response
rates might be expected within the overweight category of BMI
(25–30 kg/m2). Patients with either lower or higher BMI can be
expected to have a lower probability of response, although this

Figure 1. Linear splines with knot at 27 kg/m2 demonstrating asso-
ciation between body mass index (BMI) and clinical response as
defined by low disease activity (LDA) (A), minimum clinically important
difference (MCID) (B), and absolute change in Clinical Disease Activity
Index (CDAI) score (C) with stratification by tumor necrosis factor
inhibitor (TNFi) (solid lines) and non-TNFi biologics (broken lines). The
shaded area shows the 95% confidence interval. LR = likelihood ratio.
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difference may only be clinically relevant in patients with either very
low BMI (<18.5 kg/m2) or who are severely obese BMI (>35
kg/m2). Some of the association between obesity and clinical
response was explained by other factors, and residual confound-
ing may be present.

Obesity may affect clinical response rates through a variety of
mechanisms, none of which can be clearly delineated here. Obesity
is associated with a number of comorbidities (e.g., osteoarthritis,
amplified pain) that may affect perceived response to therapy
(e.g., inflation of patient global scores) (16,17). As noted, adjusting
for comorbidities reduced the observed association between obe-
sity and clinical response in our study, suggesting that confounding
related to comorbid conditions likely plays a role. Because obesity
has been associated with reduced rates of radiographic progres-
sion and lower synovitis and osteitis on imaging, and because it
has no impact on the achievement of low inflammation on mag-
netic resonance imaging in a clinical trial setting (18,19), it seems
unlikely that refractory inflammatory disease is the explanation.
However, we are unable to rule out a potential link between obesity
and more active and refractory inflammatory arthritis in this study.

Low BMI has been associated with poor outcomes in RA in
other studies. For example, low BMI has been associated with
greater inflammatory disease on imaging as well as a high rate of
adverse long-term outcomes, such as radiographic progression
and early mortality (18,20–22). We also previously showed that
persistence of biologic and conventional therapies was lower
among thin patients with RA (23). However, to our knowledge,
our current finding of an association with response to therapy at
6 months from initiation of biologic therapy is novel. There is thus
some evidence to suggest that patients with BMI below the nor-
mal range might have a more severe phenotype of disease, per-
haps resulting in weight loss and sarcopenia over time. It is not
the authors’ hypothesis that a BMI below the normal range has
adverse causal impact on the disease but rather that it is more
likely to occur in association with aging, comorbidity, and the dis-
ease process itself. Thus, poor metabolic health is proposed to
explain poor clinical response rates in this group. This relationship
is not completely understood and deserves further study (18,24).

To create a more acceptable comparison between biologic
therapies, we only included patients who were not naive to bio-
logics. Thus, while there is no reason to suggest that these obser-
vations would not apply to biologics-naive patients, this was not
directly studied. While this is the largest study to address this
question to our knowledge, it is not possible to rule out very small
differences in the association between obesity and clinical
response by therapy, although it is unlikely that smaller differences
are clinically meaningful. Also, despite the large sample size, there
were relatively few underweight patients in particular. Similarly,
while our analyses did not suggest that treatments with weight-
based dosing were less affected by obesity, we were unable to
rule out small differences. An important limitation in studying obe-
sity in this context is the difficulty differentiating mediators of the

relationship between obesity and disease activity and response
to therapy. Further study focused on why obesity might affect
clinical response would be of value. Finally, we did not explore
off-label dosing strategies or dosing intervals, although our
approach is consistent with the real-world use of these therapies.
Strengths of the study include the large sample of well-
characterized patients, robust consideration of confounding fac-
tors, consistency across multiple approaches and sensitivity
analyses, and the direct comparison of RA therapies.

In conclusion, this study found evidence to support lower
response rates among obese and underweight patients with RA,
with no evidence of a superior effect of non-TNFi therapy over
TNFi therapy in particular BMI categories. The immediate implica-
tion of these results is to suggest that, while lower response rates
may be expected in underweight and severely obese patients
with RA, weight and BMI should not influence the choice of bio-
logic therapy at least in terms of clinical efficacy.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically
for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Baker had full access to all of
the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study conception and design. Baker, Reed, Poudel, and Kremer.
Acquisition of data. Kremer.
Analysis and interpretation of data. Baker, Reed, Harrold, and Kremer.

REFERENCES

1. Poudel D, George MD, Baker JF. The impact of obesity on disease
activity and treatment response in rheumatoid arthritis. Curr Rheuma-
tol Rep 2020;22:56.

2. Singh S, Facciorusso A, Singh AG, Vande Casteele N, Zarrinpar A,
Prokop LJ, et al. Obesity and response to anti-tumor necrosis
factor-alpha agents in patients with select immune-mediated inflam-
matory diseases: a systematic review and meta-analysis. PLoS One
2018;13:e0195123.

3. Shan J, Zhang J. Impact of obesity on the efficacy of different biologic
agents in inflammatory diseases: a systematic review and meta-analy-
sis. Joint Bone Spine 2019;86:173–83.

4. Abuhelwa AY, Hopkins AM, Sorich MJ, Proudman S, Foster DJ,
Wiese MD. Association between obesity and remission in rheumatoid
arthritis patients treated with disease-modifying anti-rheumatic drugs.
Sci Rep 2020;10:18634.

5. Levitsky A, Brismar K, Hafstrom I, Hambardzumyan K, Lourdudoss C,
van Vollenhoven RF, et al. Obesity is a strong predictor of worse clini-
cal outcomes and treatment responses in early rheumatoid arthritis:
results from the SWEFOT trial. RMD Open 2017;3:e000458.

6. Hamann PD, Pauling JD, McHugh N, Shaddick G, Hyrich K, British
Society for Rheumatology Biologics Registry for Rheumatoid Arthritis
Contributors Group. Predictors, demographics and frequency of sus-
tained remission and low disease activity in anti-tumour necrosis
factor-treated rheumatoid arthritis patients. Rheumatology (Oxford)
2019;58:2162–9.

7. Brown Z, Metcalf R, Bednarz J, Spargo L, Lee A, Hill C, et al. Modifi-
able lifestyle factors associated with response to treatment in early
rheumatoid arthritis. ACR Open Rheumatol 2020;2:371–7.

ADVANCED THERAPIES AND OBESITY IN RA 1915



8. Okifuji A, Hare BD. The association between chronic pain and obesity.
J Pain Res 2015;8:399–408.

9. Kulkarni K, Karssiens T, Kumar V, Pandit H. Obesity and osteoarthri-
tis. Maturitas 2016;89:22–8.

10. Shiri R, Karppinen J, Leino-Arjas P, Solovieva S, Viikari-Juntura E. The
association between obesity and low back pain: a meta-analysis.
Am J Epidemiol 2010;171:135–54.

11. Kremer JM. The CORRONA database. AutoimmunRev 2006;5:46–54.

12. Curtis JR, Yang S, Chen L, Pope JE, Keystone EC, Haraoui B, et al.
Determining the minimally important difference in the Clinical Disease
Activity Index for improvement and worsening in early rheumatoid
arthritis patients. Arthritis Care Res (Hoboken) 2015;67:1345–53.

13. Frank E, Harrel J. Regression modeling strategies: with applications to
linear models, logistic regression, and survival analysis. New York:
Springer; 2001.

14. Liu Y, Hazlewood GS, Kaplan GG, Eksteen B, Barnabe C. Impact of
obesity on remission and disease activity in rheumatoid arthritis: a sys-
tematic review and meta-analysis. Arthritis Care Res (Hoboken) 2017;
69:157–65.

15. Schafer M, Meissner Y, Kekow J, Berger S, Remstedt S, Manger B,
et al. Obesity reduces the real-world effectiveness of cytokine-
targeted but not cell-targeted disease-modifying agents in rheuma-
toid arthritis. Rheumatology (Oxford) 2020;59:1916–26.

16. Li H, George DM, Jaarsma RL, Mao X. Metabolic syndrome and com-
ponents exacerbate osteoarthritis symptoms of pain, depression and
reduced knee function. Ann Transl Med 2016;4:133.

17. Somers TJ, Wren AA, Keefe FJ. Understanding chronic pain in older
adults: abdominal fat is where it is at. Pain 2011;152:8–9.

18. Baker JF, Ostergaard M, George M, Shults J, Emery P, Baker DG,
et al. Greater body mass independently predicts less radiographic
progression on X-ray and MRI over 1–2 years. Ann Rheum Dis
2014;73:1923–8.

19. George MD, Ostergaard M, Conaghan PG, Emery P, Baker DG,
Baker JF. Obesity and rates of clinical remission and low MRI inflam-
mation in rheumatoid arthritis. Ann Rheum Dis 2017;76:1743–6.

20. Westhoff G, Rau R, Zink A. Radiographic joint damage in early rheu-
matoid arthritis is highly dependent on body mass index. Arthritis
Rheum 2007;56:3575–82.

21. Baker JF, Billig E, Michaud K, Ibrahim S, Caplan L, Cannon GW, et al.
Weight loss, the obesity paradox, and the risk of death in rheumatoid
arthritis. Arthritis Rheumatol 2015;67:1711–7.

22. England BR, Baker JF, Sayles H, Michaud K, Caplan L, Davis LA, et al.
Body mass index, weight loss, and cause-specific mortality in rheu-
matoid arthritis. Arthritis Care Res (Hoboken) 2018;70:11–18.

23. McCulley CB, Barton JL, Cannon GW, Sauer BC, Teng CC,
George MD, et al. Body mass index and persistence of conventional
DMARDs and TNF inhibitors in rheumatoid arthritis. Clin Exp Rheuma-
tol 2019;37:422–8.

24. Ahima RS, Lazar MA. Physiology. The health risk of obesity: better
metrics imperative. Science 2013;341:856–8.

BAKER ET AL1916



Ethnicity and Antiphospholipid Syndrome in Israel

Stanley Niznik,1 Micha J. Rapoport,2 Orly Avnery,3 Martin H. Ellis,4 Soad Hajyahia,5 and Nancy Agmon-Levin5

Objective. Antiphospholipid syndrome (APS) is an acquired coagulopathy associated with the presence of anti-
phospholipid antibodies. Whether ethnicity modulates APS clinical course is not known. The aim of our study was to
assess the interplay of ethnicity and APS in Israel.

Methods. We retrospectively evaluated the ethnic distribution of APS patients from 3medical centers in Israel com-
pared to the general population. Ethnic groups were defined according to the Israeli Bureau of Statistics as Ashkenazi
(European), former Union of Soviet Socialist Republics (USSR), North African, Asian (West Asia, Greece, and Turkey),
Israeli Arab individuals, and others.

Results. Our cohort included 382 patients. The prevalence of Ashkenazi and Asian ethnicities was more pro-
nounced (33% versus 12.8% and 15.4% versus 7.7%, respectively; P < 0.001), while Israeli Arabs were less repre-
sented (5.2% versus 31.1%; P < 0.001) relative to their part in the general population. Arab patients were younger at
presentation (mean ± SD 28 ± 10 years versus 34 ± 13 years; P < 0.001) and were more likely to present with venous
thrombosis (50% versus 35%; P = 0.037) and to suffer from venous thrombotic recurrence (45% versus 16%;
P < 0.001) compared to other ethnicities. Mortality was higher among patients of Asian ethnic origin (8.8% versus
1.1%; P = 0.005); intriguingly, this group experienced cardiovascular risk factors more often (i.e., dyslipidemia and
hypertension).

Conclusion. Ethnicity may affect the prevalence and/or natural course of APS, which is less prevalent and differs
clinically in Israeli Arab patients, while mortality was linked with Asian ethnicity.

INTRODUCTION

Antiphospholipid syndrome (APS) is an autoimmune disease

defined by thrombotic events or recurrent pregnancy losses con-

comitantly with the presence of antiphospholipid antibodies

(aPLs) (1). In addition, numerous non-criteria clinical manifesta-

tions may occur during the course of the disease (1,2). There is

marked interindividual variability among APS patients, the reasons

for which are largely unknown.
The etiology of APS includes a combination of genetic and

environmental factors, similar to those found in many autoimmune

conditions (3–5). This may explain in part the variable prevalence

of APS that has recently been shown to vary between geographic

regions. In Olmstead County, Minnesota, the incidence of APS is

2 per 100,000 in the total population, which is considerably lower

than the previously published incidence of 5 per 100,000 and is

similar to the rate that has been reported in Korea (11,12). The

prevalence of APS varies across these geographic regions, being

higher in Korea than in the US (62 versus 50 per 100,000, respec-

tively). Moreover, while sex had no effect in the Olmstead County

cohort, in Korea APS was more common among men in the 8th

decade of life but more commonly affected women in the 4th

decade of life. Furthermore, both geographic origin and ethnicity

have been shown to be of prognostic importance in different

autoimmune diseases, such as with patients of African origin hav-

ing worse outcomes in systemic lupus erythematosus (SLE) (6–9).
Data regarding ethnic background and APS incidence and

prevalence are scarce (10). The Israeli population is well-suited

to investigate this association, given its makeup of a significant

proportion of immigrants whose diverse origins remain classifi-

able. Therefore, we conducted a multicenter study to evaluate

ethnic differences among Israeli patients with APS.
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PATIENTS AND METHODS

APS patients were diagnosed according to the Sidney Clas-
sification (revised Sapporo criteria for APS [1]) between 2014 and
2019 and identified using databases maintained at 3 academic
medical centers (Sheba, Meir, and Shamir Medical Centers) in
Israel. Demographic, clinical, and laboratory data were retrieved
from the patient electronic medical records.

Determination of ethnic variation among APS
patients in Israel compared to the general population.
The ethnic origin of each patient was obtained by the treating phy-
sicians and confirmed by 1 author (SN) by telephone. Ethnicity was
defined according to the Israeli Central Bureau of Statistics as fol-
lows: patients born out of Israel were defined according to their
place of birth, patients born in Israel were defined according to the
place of birth of their father, and patients who declined or were
unable to state their ethnic background were defined as unknown.

Accordingly, the following 6 ethnic groups were defined: 1)
Ashkenazi: Jewish population of European descent (i.e., Germany,
Austria, Poland, Check Republic, Romania, Bulgaria, Slovakia,
Hungary, or Croatia); 2) former USSR: Russia, Ukraine, Belarus, or
Moldova; 3) North African and Yemen (Sephardi): Jewish popula-
tion from Morocco, Tunisia, Algeria, Libya, Egypt, and Yemen; 4)
Asia, Greece, and Turkey (Sephardi): Jewish population from
Syria, Turkey, Iraq, Iran, Turkmenistan, Uzbekistan, or Azerbaijan;
5) Arab population: Israeli Arab population; and 6) Others: non-Arab
individuals/unknown origins including patients who originated from
a country other than those mentioned above. We compared the
ethnic distribution of our cohort of APS patients to the general pop-
ulation in Israel. Data regarding ethnicity of the general population
were published in 2008 and included 5,983,000 Israeli citizens
(https://www.cbs.gov.il).

Clinical and serologic data. Data regarding all patients
included the following parameters: 1) demographic characteristics
(e.g., age, sex, age at diagnosis, length of follow-up) and APS pre-
senting/classification clinical criteria (either thrombotic or obstetric
events as well as aPLs); 2) medical history (hypertension, smoking,
diabetes mellitus, and dyslipidemia [including all cardiovascular risk
factors that began before relevant APS diagnosis]); 3) APS non-
criteria manifestations (valve disease [Libman Sacks endocarditis],

livedo reticularis, leg ulcers, migraine, epilepsy, autoimmune
hemolytic anemia, thrombocytopenia, and leukopenia); 4) adjusted
Global Anti-Phospholipid Syndrome Score (GAPSS); 5)
APS-related outcomes (death, catastrophic APS, and bleeding);
6) associated inherited thrombophilia (protein C and S deficiencies,
antithrombin deficiency, factor V Leiden homozygous or heterozy-
gous, and mutation in methylenetrahydrofolate reductase homozy-
gous); and 7) data on therapy was collected (mainly regarding
antiplatelet, anticoagulation, hydroxychloroquine [dosage adjusted
according to weight], and glucocorticoid therapies [considered,
when given chronically, most often as maintenance dose com-
monly between 2.5–10 mg of prednisone]).

The presence of anticardiolipin antibodies (aCLs) and
anti–β2-glycoprotein I (anti-β2GPI) of IgG and IgM isotypes were
measured by enzyme-linked immunosorbent assay or by a multi-
plex assay. Results were considered positive if medium-to-high
antibody titers (>20 IgG phospholipid units [GPL] or IgM phos-
pholipid units [MPL] or according to the manufacturer’s definition)
were present on 2 or more occasions, at least 12 weeks apart.
Lupus anticoagulant activity was detected by coagulation assays,
adhering to the guidelines of the International Society of Throm-
bosis and Hemostasis (11). Definition of positivity was analyzed
according to each specific test as well as number of tests,
i.e., single positivity, double positivity, or triple positivity; namely,
the presence of any anti-B2GPI and any aCLs, and lupus antico-
agulant positivity.

The GAPSS was developed to assess the risk of thrombosis
in APS (12). In this study, we used the recently validated adjusted
GAPSS (13,14). Scores were calculated for each patient as fol-
lows: 3 points for dyslipidemia, 1 point for arterial hypertension,
5 points for aCLs IgG/IgM, 4 points for anti–β2-glycoprotein
IgG/IgM, and 4 points for lupus anticoagulant. Catastrophic APS
was defined according to the 2011 International Task Force on
catastrophic APS criteria (2).

Statistical analysis. The data were analyzed using BMDP
statistical software. Pearson’s chi-square test or Fisher’s exact
test (2-tailed) was used in the analysis of between-group differ-
ences for discrete variables, and analysis of variance was used
for comparing continuous variables. Using those variables found
to be significant (<0.10) on univariate analysis, we applied a step-
wise logistic regression analysis in order to determine those vari-
ables most significantly associated with a P value ≤0.05. The
study was performed in accordance with the declaration of Hel-
sinki and with the approval of the institutional review boards of
each medical center.

RESULTS

A total of 382 Israeli patients with APS were included in our
cohort. Of these 382 patients, 312 had primary APS and 70 had
secondary disease.

SIGNIFICANCE & INNOVATIONS
• This is the first work of presentation in antiphos-

pholipid syndrome (APS) patients from different
ethnic backgrounds.

• We obtained high-quality data from a sizeable
cohort of APS patients.

• APS patients of different origins exhibited different
outcomes and clinical presentation.
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Ethnicity in APS. Differences in ethnicity between APS
patients versus the general population were found in 3 ethnic
groups, and data were available for 337 patients (88.2%)
(Table 1). APS patients of Ashkenazi or Asian/Turkish origin
comprised 33% and 15.4% of the cohort, respectively, while the
prevalence of these ethnicities in the general population is 12.8%
and 7.7%, respectively (P < 0.001 for both ethnicities). By con-
trast, Israeli Arab individuals were significantly less represented
among APS patients in comparison to their prevalence in the
general population of Israel (5.2% versus 31%; P < 0.001). Asso-
ciated inherited thrombophilia was diagnosed in 37 (9.7%) of
382 patients in the cohort (Table 2). Distribution did not differ sig-
nificantly among ethnic groups (protein C and S deficiencies in
3 patients, antithrombin deficiency in 2 patients, factor V Leiden
homozygous in 1 patient and heterozygous in 9 patients, muta-
tion in methylenetrahydrofolate reductase homozygous in
8 patients, and multiple inherited thrombophilia in 4 patients).
The mean age of the first thrombotic event among patients with

various thrombophilia did not differ statistically from the rest of
cohort (average age 35 years versus 29.3 years, respectively;
P = 0.147).

Primary versus secondary APS disease. There were no
ethnic differences between primary APS and secondary disease
(Table 3). However, patients with primary APS were older at presen-
tation by 4.2 years (ages 35.8 versus 31.6 years; P = 0.012) and
more frequently male (29.8% versus 12.9%; P = 0.004) in compari-
son to secondary APS patients. Primary APS patients were more
likely to have dyslipidemia (16.3% versus 0.0%; P < 0.001) and dia-
betes mellitus (9% versus 0%; P = 0.004), while they were less likely
to be treated with hydroxychloroquine (26.3% versus 95.7% in sec-
ondary APS patients; P < 0.001) and glucocorticoids (7.4% versus
32.8% in secondary APS patients; P < 0.001).

Cardiovascular risk factors. Cardiovascular risk
factors differ between ethnicities (Table 2). Patients from

Table 1. Ethnic distribution of APS versus the general population in Israel*

General Israeli population
(n = 5,983.7 × 103)†

% of
population

APS
population
(n = 382)

% of
cohort P

Ashkenazi‡ 763 12.8 126 33 <0.001
Former USSR 900 15.0 30 7.9 0.496
North African 880.5 14.7 81 21.2 0.147
Asia, Greece, and
Turkey‡

463.4 7.7 59 15.4 <0.001

Israeli Arabs‡ 1,858 31.1 20 5.2 <0.001
Other origins 1,118 18.6 66 17.2 0.541

* The ethnic distribution of the general population in Israel according to a statistic model made by the Israeli
Bureau of Statistics. APS = antiphospholipid syndrome.
† Other origins include mainly non-Jewish populations in Israel and Jewish population not classified in the first 4
groups.
‡ Values are significant.

Table 2. Demographic and concomitant conditions of APS patients according to ethnic origin*

Total
(n = 382)

Ashkenazi
(n = 126)

Former
USSR
(n = 30)

North Africa
(n = 81)

Asia, Greece,
and Turkey
(n = 58)

Arab
origin
(n = 20)

Other
origin
(n = 22) P

Age, mean ± SD years 45.5 ± 14 46 ± 13 45 ± 15 45 ± 12 46 ± 13 37.5 ± 13 46 ± 16 0.856
Age at diagnosis,
mean ± SD years

35 ± 13.8 36 ± 13.5 36 ± 16.5 34 ± 12 36 ± 12 28 ± 10† 34 ± 13.1 0.263

Male sex 102 (26.7) 36 (28.6) 9 (30) 18 (22.2) 15 (25.4) 8 (40) 12 (18.8) 0.853
Secondary APS 70 (18.3) 19 (15.1) 6 (20) 20 (24.6) 8 (13.6) 6 (30) 4 (18.8) 0.058
Hypertension 65 (17) 18 (14.2) 5 (16.7) (11) 13.6 15 (25.9)‡ 3 (15) 2 (9.1) 0.252
Smoking 55 (14.3) 10 (7.9) 5 (16.7) 11 (13.6) 6 (10.3) 4 (20) 3 (13.6) 0.425
Dyslipidemia 60 (15.7) 19 (15.1) 2 (6.7) 10 (12.3) 13 (22.4)§ 1 (5) 1 (4.5) 0.086
Diabetes mellitus 29 (7.6) 12 (9.5) 5 (16.7)¶ 1 (1.2)# 5 (8.6) 3 (15) 2 (9.1) 0.060
Associated
thrombophilia

37 (9.7) 17 (13.5) 1 (3.0) 7 (8.6) 7 (12.1) 0 (0) 0 (0) 0.4

* Values are the number (%) unless indicated otherwise. APS = antiphospholipid syndrome.
† P < 0.001; significant.
‡ P = 0.052; significant.
§ P = 0.028; significant.
¶ P = 0.041; significant.
# P = 0.018; significant.
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Asia/Turkey were more often diagnosed with hypertension
(25.9% versus 17%; P = 0.052) and dyslipidemia (22.4%
versus 15.7%; P = 0.028). In contrast, diabetes mellitus
(insulin independent in all patients) was diagnosed more
often in patients of Russian origin (16.7% versus 7.6% in the
rest of the cohort; P = 0.041) and less so in patients of North
African origin (1.2% versus 7.6% in the rest of the cohort;
P = 0.018).

APS clinical manifestations. Patients of Arab origin pre-
sented at a younger age compared to the overall cohort (mean
± SD 28 ± 10 years versus mean ± SD 36 ± 13 years, respec-
tively; P < 0.001) (Table 2) and were more likely to present with
venous thrombosis (50% versus 37%; P = 0.037) and have more
frequent venous re-thrombosis during follow-up (45% versus
16%; P < 0.001) (Table 4). Arab patients also demonstrated
higher rates of thrombocytopenia during the course of the disease
(45% versus 24.6%; P = 0.054) (Table 4). Clinical and serologic
manifestations did not differ between other ethnic groups
(Table 4).

APS-related outcomes. In our cohort, 9 (2.6%) of 337
patients died during the study period. Interestingly, 55.5% of
these patients were of Asian origin, representing 8.8% of this eth-
nic group (compared to 1.1% in the entire cohort of other ethnic-
ities; P = 0.005).

Adjusted GAPSS. The mean ± SD adjusted GAPSS was
11 ± 3.8 in the entire cohort, and the range varied, with scores being
lowest in patients of North African origin (mean ± SD 10.2 ± 4.1)
and highest in those from the former USSR (11.6 ± 3.5). Notably,
these differences were not statistically significant.

Therapy in patients with APS.Overall, 53.9% of patients
in this cohort were treated with antiplatelet therapy, 79.1% with
anticoagulation, 39% with hydroxychloroquine, and 12.5% with
prednisone (Table 4). No differences in therapy were found
between ethnic groups other than antiplatelet therapy that was
prescribed more often to people from Ashkenazi or other origins
(67.4% and 63.6%, respectively, versus 30–43.3% in other
groups; P = 0.001). Steroid therapy was prescribed in general to
all ethnic groups except patients from North Africa who were
treated less often (3% versus 12% in the rest of the cohort;
P = 0.004); this therapy was given mainly to patients with
secondary APS.

DISCUSSION

In this retrospective study we aimed to determine the associ-
ation between ethnicity and key clinical features of patients with
APS in Israel. The Israeli population is unique in that while being
ethnically heterogonous, the ethnic origin of most individuals can
still be identified.

Table 3. Difference between primary APS and secondary APS*

Primary APS (n = 312) Secondary APS (n = 70) P

Age, years 46 ± 13.3 44 ± 13.5 0.237
Age at presentation, years 35.8 ± 13 31.6 ± 13.2 0.012†
Male sex 93 (29.8) 9 (12.9) 0.004†
Ethnic origin
Ashkenazi 107 (34.3) 19 (27.1) 0.265
Former USSR 24 (7.7) 6 (9.1) 0.806
North African 59 (18.9) 20 (28.6) 0.074
Asia, Greece, and Turkey 50 (16.0) 9 (12.9) 0.586
Arab origin 14 (4.5) 6 (8.6) 0.229
Other origin 18 (5.8) 4 (5.7) 0.412

Cardiovascular risk factors
Hypertension 58 (18.6) 7 (10) 0.112
Dyslipidemia 51 (16.3) 0 <0.001†
Diabetes mellitus 28 (9.0) 0 0.004†
Smokers 48 (15.4) 7 (10) 0.345
Other thrombophilia 36 (11.5) 6 (8.6) 0.672

Presenting/classification symptoms
Arterial 122 (39.1) 35 (50) 0.107
Venous 118 (37.8) 22 (31.4) 0.334
Obstetric 67 (21.5) 13 (18.6) 0.868

Therapy
Anticoagulation 245 (78.5) 57 (81.4) 0.745
Antiplatelet 177 (56.7) 29 (41.4) 0.024†
Hydroxychloroquine 82 (26.3) 67 (95.7) <0.001†
Steroids 23 (7.4) 23 (32.8) <0.001†

* Values are the number (%) unless indicated otherwise. APS = antiphospholipid syndrome.
† Significant.
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The incidence of APS was related to ethnicity in the cohort.
Patients of Ashkenazi and Asian descent were overrepresented
in the cohort relative to their proportion in the general Israeli pop-
ulation, while Arab patients comprised a smaller proportion of
the cohort than expected according to their representation in the
population. Similar associations have been reported with regard
to other diseases. For instance, in Israel, Crohn’s disease was
found to be more common in Ashkenazi Jewish individuals (15),
which was attributed to genetic factors (16), while hypersensitivity
to Olea europaea was less frequent among Israeli Arab individuals

and was attributed to prolonged environmental exposure (17).
Thus, both genetic and environmental factors may affect disease
prevalence in different Israeli ethnic groups, and this may contrib-
ute to the ethnic variability that the present study demonstrated
among APS patients. Another plausible explanation is a low rate
of diagnosis because of underutilization of medical services or
underrecognition of APS-related features, phenomena that have
been reported among the Israeli Arab population as reasons for
the underdiagnosis of Alzheimer’s disease (18), dyslipidemia
(19), and esophageal cancer (20), and for a reduction in achieving

Table 4. APS manifestations, serology, and outcomes according to ethnic origin*

Total
(n = 382)

Ashkenazi
(n = 126)

Former
USSR
(n = 30)

North African
(n = 81)

Asia, Greece,
and Turkey
(n = 59)

Arab
origin
(n = 20)

Other
origin
(n = 22) P

Presenting/classification
symptoms

Arterial thrombosis 159 (41.6) 53 (42.1) 14 (46.7) 40 (49.4) 19 (32.2) 5 (25) 9 (40.9) 0.224
Venous thrombosis 143 (37) 44 (34.9) 43.3 (13) 26 (32.1) 26 (44.1) 10 (50)† 6 (27.7) 0.579
Obstetric morbidity 82 (21.4) 29 (23.0) 1 (3.3)‡ 15 (18.5) 13 (22.0) 5 (25) 7 (31.8) 0.099

Serology
Anti-β2GPI (IgM) 173 (45.3) 59 (46.8) 15 (50) 31 (38.3) 28 (47.5) 9 (45) 9 (40.9) 0.706
Anti-β2GPI (IgG) 243 (63.6) 77 (61.1) 22 (73.3) 50 (61.7) 35 (59.3) 12 (60) 14 (63.6) 0.761
Anticardiolipin (IgM) 162 (42.4) 54 (42.9) 12 (40) 30 (37) 25 (42.4) 7 (35) 8 (36.3) 0.882
Anticardiolipin (IgG) 264 (69.1) 87 (69) 22 (73.3) 55 (67.9) 38 (64.4) 14 (70) 16 (72.7) 0.912
LAC 276 (72.2) 89 (70.6) 23 (76.7) 57 (70.4) 42 (71.2) 14 (70) 11 (50) 0.577
Single positivity 61 (16.5) 16 (12.7) 4 (13.3) 19 (23.5) 10 (16.9) 5 (25) 1 (4.5) 0.332
Double positivity 102 (26.7) 37 (29.4) 18 (26.7) 21 (25.9) 15 (25.4) 4 (20) 7 (31.8) 0.975
Triple positivity 217 (56.8) 72 (57.1) 18 (60) 81 (48.1) 32 (54.2) 11 (55) 10 (45.4) 0.677

Non-criteria
manifestations

HVD 48 (12.6) 9 (7.1)‡ 7 (23.3)§ 13 (16.0)§ 3 (5.1)§ 5 (25)§ 7 (31.8)¶ 0.001§
Livedo reticularis 38 (10) 18 (14.3) 5 (16.7) 6 (7.4) 3 (5.1) 0 (0) 0 (0.0) 0.023§
Migraine 50 (13.1) 18 (14.3) 8 (26.7) 10 (12.3) 10 (16.9) 1 (5) 2 (4.5) 0.112
PLT 94 (24.6) 34 (27.0) 20.0 (6) 16 (19.8) 13 (22.0) 9 (45)# 5 (22.7) 0.449

Outcome
Death 12 (3.1) 1 (0.8)§ 0 (0.0)§ 1 (1.3)§ 5 (8.7)** 0 (0)§ 1 (4.5)§ 0.014§
CAPS 9 (2.4) 2 (1.6) 1 (3.3) 1 (1.3) 2 (3.4) 0 (0) 2 (9.9) 0.697
aGAPSS 11 ± 3.8 11.2 ± 3.4 11.6 ± 3.5 10.2 ± 4.1 11.2 ± 3.8 10.6 ± 3.4 9.8 ± 4.4 0.204

Recurrent/additional
events during
follow-up (post-
APS diagnosis)

Arterial events 91 (23.8) 31 (24.6) 7 (23.3) 11 (13.6) 15 (25.4) 4 (20) 7 (31.8) 0.322
Venous events 61 (16) 17 (13.5) 4 (13.3) 10 (12.3) 9 (15.3) 9 (45)†† 2 (9.1)§ 0.340
Obstetric events 42 (11) 18 (14.2) 1 (3.3)§ 9 (14.8) 4 (9.1) 3 (15) 0 (0) 0.243

Therapy
Antiplatelet 206 (53.9) 85 (67.4) 13 (43.3) 44 (54.3) 24 (41.3) 6 (30)§§ 14 (63.6) 0.001
Anticoagulation 302 (79.1) 97 (76.9) 26 (86.7) 70 (86.4) 41 (70.7) 18 (90) 16 (72.7) 0.9
HCQ 149 (39) 48 (38.1) 16 (53.3) 34 (41.9) 18 (31) 9 (45) 11 (50) 0.32
Steroids 48 (12.5) 15 (11.9) 5 (16.6) 3 (3.7)‡‡ 10 (17.2) 4 (20) 5 (22.7) 0.068

* Recurrent/additional events during follow-up were defined as events that occurred despite preventive therapy (antiaggregation or anticoag-
ulation). aGAPSS = adjusted Global Antiphospholipid Syndrome Score; APS = antiphospholipid syndrome; CAPS = catastrophic APS; HCQ = hy-
droxychloroquine; HVD = heart valve disease; LAC = lupus anticoagulant; PLT = thrombocytopenia.
† Significant; P = 0.037.
‡ Significant; P = 0.0318.
§ Significant.
¶ Significant; P = 0.0012.
# Significant; P = 0.054.
** Significant; P = 0.005.
†† Significant; P < 0.001.
‡‡ Significant; P = 0.037.
§§ Significant; P = 0.004.

ETHNIC DIFFERENCES AMONG ISRAELI APS PATIENTS 1921



therapeutic goals in patients with type 2 diabetes mellitus (21).
Hence, further studies on genetics, environmental exposures,
and social factors related to health services provision and utiliza-
tion related to APS are potential areas for further study.

The clinical phenotype of APS also differs between groups,
mainly among Arab patients compared to other ethnic groups.
Arab patients were on average 8 years younger at the time of
diagnosis and presented more commonly with venous thrombo-
sis. Arab patients were more likely to have thrombocytopenia
and to experience recurrent venous thrombosis during their dis-
ease course. Variance in phenotypes between Arab and Jewish
individuals in Israel have been reported in other autoimmune dis-
eases such as ulcerative colitis (UC), where Arab children had
more severe disease at diagnosis compared to Sephardic and
Ashkenazi Jewish individuals, reflected by higher scores accord-
ing to the Pediatric UC Activity Index (22).

In the present cohort, the overall rates of disease recurrence,
complications (e.g., catastrophic APS), and mortality were similar
to those described in other APS cohorts (2,23–25). Importantly,
we observed a higher mortality rate among patients of Asian origin
(8.8%) compared to those in other ethnic groups (1.1%). Interest-
ingly, in the same ethnic group, a higher rate of dyslipidemia and
hypertension (P = 0.028 and 0.052, respectively) compared to
other groups was found, while use of glucocorticoid and other
therapies did not differ. These results stand in agreement with
several published reports on the high burden of cardiovascular
risk factors among countries in Southeast Asia (26–28), alluding
to the idea that these comorbidities require more stringent inter-
ventions. Further studies are needed in order to establish whether
this elevated mortality rate is associated with cardiovascular risk
or to the APS phenotype in this ethnicity. Nonetheless, we believe
that these data confirm the notion that controlling cardiovascular
risk in APS patients would seem prudent.

The present study has several limitations inherent in its retro-
spective design, such as incomplete clinical data, inclusion bias,
etc. For instance, inflammation status and dosage and duration
of therapies (which changed along the years) could not be retro-
spectively defined, while alcohol consumption and usage of rec-
reational drugs were not documented. However, we believe that
the multicenter nature of the study coupled with the large cohort
size may minimize these limitations to some extent. Encourag-
ingly, our results are similar to those derived from cohorts from
other countries, including with regard to sex distribution, occur-
rence rates of catastrophic APS, and death (25). Additionally, we
found no differences in ethnicity between primary APS and sec-
ondary; as the point of view of this study was ethnicity, we
decided to assemble both groups, which improved the statistical
power to every ethnic group but remains a limitation of this study.
Another limitation of this study is the definition of ethnicity, as there
is no norm of ethnicity in the medical literature. Thus, we followed
the classification made by the Israeli Central Bureau of Statistics,
which enabled comparison to the general population.

In conclusion, in this multicenter study we demonstrated for
the first time an association between ethnicity and the incidence
and outcomes among APS patients in Israel. The proportion of
Jewish individuals of Ashkenazi or Asian descent was higher than
that in the general population, while a lower-than-expected pro-
portion of Arab patients was found. Importantly, APS-related
mortality was higher among patients of Asia/Turkish origin as
were cardiovascular risk factors. Hence, one may speculate that
cardiovascular risk factors are of dire importance in APS and in
particular in certain ethnicities (i.e., Asia, Turkey, and Greece)
and should be monitored and treated vigorously. In summary,
the present study suggests that ethnicity may be of importance
in APS and further studies are needed to determine the role of
environmental and genetic factors in this autoimmune disorder.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Agmon-Levin had full access
to all of the data in the study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.
Study conception and design. Niznik, Rapoport, Ellis, Agmon-Levin.
Acquisition of data. Niznik, Avnery, Hajyahia, Agmon-Levin.
Analysis and interpretation of data. Niznik, Ellis, Agmon-Levin.

REFERENCES

1. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R,
et al. International consensus statement on an update of the classifica-
tion criteria for definite antiphospholipid syndrome (APS). J Thromb
Haemost 2006;4:295–306.

2. Cervera R, Tektonidou M, Espinosa G, Cabral A, Gonz�alez E, Erkan D,
et al. Task force on catastrophic antiphospholipid syndrome (APS)
and non-criteria APS manifestations (I): catastrophic APS, APS
nephropathy and heart valve lesions. Lupus 2011;20:165–73.

3. Shapira Y, Agmon-Levin N, Shoenfeld Y. Defining and analyzing geoe-
pidemiology and human autoimmunity. J Autoimmun 2010;34:
J168–77.

4. Colafrancesco S, Agmon-Levin N, Perricone C, Shoenfeld Y. Unravel-
ing the soul of autoimmune diseases: pathogenesis, diagnosis and
treatment adding dowels to the puzzle. Immunol Res 2013;56:200–5.

5. Ceccarelli F, Agmon-Levin N, Perricone C. Genetic factors of autoim-
mune diseases. J Immunol Res 2016;2016:3476023.

6. Sule S, Fivush B, Neu A, Furth S. Increased risk of death in African
American patients with end-stage renal disease secondary to lupus.
Clin Kidney J 2014;7:40–4.

7. Bernatsky S, Boivin JF, Joseph L, Manzi S, Ginzler E, Gladman DD,
et al. Mortality in systemic lupus erythematosus. Arthritis Rheum
2006;54:2550–7.

8. Lewis MJ, Jawad AS. The effect of ethnicity and genetic ancestry on
the epidemiology, clinical features and outcome of systemic lupus ery-
thematosus. Rheumatology (Oxford) 2017;56:i67–77.

9. Nevskaya T, Gamble MP, Pope JE. A meta-analysis of avascular
necrosis in systemic lupus erythematosus: prevalence and risk fac-
tors. Clin Exp Rheumatol 2017;35:700–10.

10. Marai I, Levi Y, Godard G, Shoenfeld Y. [Following 90 patients with
antiphospholipid syndrome with antibody titers and correlations with
clinical manifestations: symptoms of the disease, a new antibody

NIZNIK ET AL1922



and correlations with clinical manifestations in the Israeli population].
Harefuah 2001;140:495–500, 565. In Hebrew.

11. Brandt JT, Barna LK, Triplett DA, on behalf of the Subcommittee on
Lupus Anticoagulants/Antiphospholipid Antibodies of the ISTH. Labo-
ratory identification of lupus anticoagulants: results of the Second
International Workshop for Identification of Lupus Anticoagulants.
Thromb Haemost 1995;74:1597–603.

12. Sciascia S, Sanna G, Murru V, Roccatello D, Khamashta MA,
Bertolaccini ML. GAPSS: the Global Anti-Phospholipid Syndrome
Score. Rheumatology (Oxford) 2013;52:1397–403.

13. Radin M, Schreiber K, Costanzo P, Cecchi I, Roccatello D,
Baldovino S, et al. The adjusted Global AntiphosPholipid Syndrome
Score (aGAPSS) for risk stratification in young APS patients with acute
myocardial infarction. Int J Cardiol 2017;240:72–7.

14. Fernandez Mosteirin N, Saez Comet L, Salvador Osuna C, Calvo
Villas JM, Velilla Marco J. Independent validation of the adjusted
GAPSS: role of thrombotic risk assessment in the real-life setting.
Lupus 2017;26:1328–32.

15. Yang H, McElree C, Roth MP, Shanahan F, Targan SR, Rotter JI.
Familial empirical risks for inflammatory bowel disease: differences
between Jews and non-Jews. Gut 1993;34:517–24.

16. Karban A, Waterman M, Panhuysen CI, Pollak RD, Nesher S, Datta L,
et al. NOD2/CARD15 genotype and phenotype differences between
Ashkenazi and Sephardic Jews with Crohn’s disease. Am J
Gastroenterol 2004;99:1134–40.

17. Geller-Bernstein C, Arad G, Keynan N, Lahoz C, Cardaba B, Waisel Y.
Hypersensitivity to pollen of olea europaea in Israel. Allergy 1996;51:
356–9.

18. Werner P, Friedland RP, Inzelberg R. Alzheimer’s disease and the
elderly in Israel: are we paying enough attention to the topic in the
Arab population? Am J Alzheimers Dis Other Demen 2015;30:
448–53.

19. Interator H, Brener A, Hoshen M, Safra I, Balicer R, Leshno M, et al.
Sex, ethnicity, and socioeconomic status affect on Israeli pediatric

lipid testing despite equality in national healthcare services. Isr Med
Assoc J 2019;21:369–75.

20. Sarfaty M, Lankry E, Moore A, Kurman N, Purim O, Kundel Y, et al.
Esophageal cancer in Israel has unique clinico-pathological features:
a retrospective study. J Cancer 2017;8:2417–23.

21. Rapoport M, Harel N, Shasha Y, Barkan R, Kitaee E, Buchs A, et al.
Achievement of partial combined control of major diabetes targets in
primary care correlates with development of chronic complications in
T2DM patients: a real life data. Prim Care Diabetes 2015;9:412–7.

22. Rinawi F, Assa A, Bashir H, Peleg S, Shamir R. Clinical and pheno-
typic differences in inflammatory bowel disease among Arab and
Jewish children in Israel. Dig Dis Sci 2017;62:2095–101.

23. Bazzan M, Vaccarino A, Stella S, Sciascia S, Montaruli B, Bertero MT,
et al. Patients with antiphosholipid syndrome and thrombotic recur-
rences: a real world observation (the Piedmont cohort study). Lupus
2016;25:479–85.

24. Garcia D, Akl EA, Carr R, Kearon C. Antiphospholipid antibodies and
the risk of recurrence after a first episode of venous thromboembo-
lism: a systematic review. Blood 2013;122:817–24.

25. Cervera R, Serrano R, Pons-Estel GJ, Ceberio-Hualde L,
Shoenfeld Y, de Ram�on E, et al. Morbidity and mortality in the
antiphospholipid syndrome during a 10-year period: a multicentre
prospective study of 1000 patients. Ann Rheum Dis 2015;74:
1011–8.

26. Gu D, Kelly TN, Wu X, Chen J, Samet JM, Huang J, et al. Mortality
attributable to smoking in China. N Engl J Med 2009;360:150–9.

27. Ohira T, Iso H. Cardiovascular disease epidemiology in Asia: an over-
view. Circ J Off J Jpn Circ Soc 2013;77:1646–52.

28. Peters SA, Wang X, Lam TH, Kim HC, Ho S, Ninomiya T, et al. Clus-
tering of risk factors and the risk of incident cardiovascular disease in
Asian and Caucasian populations: results from the Asia Pacific Cohort
Studies Collaboration. BMJ Open 2018;8:e019335.

ETHNIC DIFFERENCES AMONG ISRAELI APS PATIENTS 1923



Diagnostic Performances of Ultrasound Evaluation of Major
Salivary Glands According to the 2019 Outcome Measures in
Rheumatology Ultrasound Scoring System

François Robin,1 Jean-David Albert,1 Alain Lescoat,2 Amélie Martel,3 Aleth Perdriger,1 Michel DeBandt,4

François Maillot,3 and Guillaume Coiffier5

Objective. To evaluate the diagnostic performance of ultrasound examination of the salivary glands (US-SG) according
to the 2019 Outcome Measures in Rheumatology (OMERACT) US scoring system for Sjögren’s syndrome (SS).

Methods. The present work was a retrospective study based on a multicentric cohort with SS/sicca syndrome. The
American College of Rheumatology (ACR)/European Alliance of Associations for Rheumatology (EULAR) 2016 classifi-
cation criteria for SS (a score of ≥4 without ocular staining score), the American-European Consensus Group (AECG)
2002 classification criteria, and clinician experts were considered as reference standards for diagnosis of SS. An
OMERACT score of ≥2 according to 2 independent readers defined the diagnosis of SS based on US-SG assessment.
Diagnostic performances and interobserver reproducibility of US-SG were assessed.

Results. Forty-two patients fulfilling the ACR/EULAR 2016 criteria for SS were compared to 30 control subjects
with sicca syndrome. Twenty-five patients were diagnosed as having SS according to US-SG evaluation, and they
were more frequently observed in the SS group (52.5%) than in the control group (10.0%) (P < 0.001). US-SG showed
an area under the curve (AUC) of 0.751 (95% confidence interval [95% CI] 0.621, 0.882) for the diagnosis of SS
(ACR/EULAR 2016 classification). The inclusion of US-SG in the ACR/EULAR 2016 classification improved sensitivity
(91.5% versus 89.4%) with limited decrease of specificity (96.0% versus 100%) and with an AUC of 0.975 (95% CI
0.945, 1.00). Similar results were observed when US-SG was included in the AECG 2002 classification criteria. Interob-
server reproducibility of a score of ≥2 according to the 2019 OMERACT US scoring system for SS diagnosis was good
(κ = 0.73 [95% CI 0.64, 0.81]). Histologic lymphocyte infiltration of the minor salivary glands was associated with the
OMERACT grading of US-SG.

Conclusion. The present study confirms the good specificity of the 2019 OMERACT US classification measures of
US-SG for the diagnosis of SS and its feasibility in daily practice.

INTRODUCTION

Sjögren’s syndrome (SS) is a frequently diagnosed systemic

autoimmune disease. Sicca syndrome is the clinical hallmark of

this disorder and is often associated with more nonspecific symp-

toms, such as fatigue and musculoskeletal pain. SS is frequently

associated with other organ-specific autoimmune diseases

(i.e., autoimmune thyroiditis, primary biliary cirrhosis) or other con-

nective tissue diseases (i.e., rheumatoid arthritis, systemic lupus,

systemic sclerosis) (1).

Diagnosis of SS is based on a combination of parameters,

including objectivated sicca syndrome (Schirmer’s test, unstimu-

lated salivary flow, ocular staining score [OSS]), markers of auto-

immunity (presence of anti-SSA antibodies often associated with

a rheumatoid factor) and lymphocytic sialadenitis on biopsy of

the accessory salivary glands (2). Several SS classification sys-

tems have been proposed, including the most recent American

College of Rheumatology (ACR)/European Alliance of Associa-

tions for Rheumatology (EULAR) 2016 classification criteria for

SS (3) and the American-European Consensus Group (AECG)
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2002 criteria (4). Some of the parameters included in these

classification criteria are occasionally difficult to perform in daily

practice depending on the centers and their ease of access to

specialist practitioners, such as clinicians who are trained in

completing OSS assessment. Moreover, these classification

systems are sometimes not performed in clinical settings

despite their simplicity (i.e., unstimulated salivary flow). In addi-

tion, a recent study demonstrated that when ultrasound imag-

ing of the major salivary glands (US-SG) was considered, OSS

was not significantly associated with the diagnosis of primary

SS according to expert clinicians (5).
Recent studies have highlighted the relevance of including

US-SG in existing SS classification criteria to improve their diag-
nostic performance (6–8). However, different US-SG scoring sys-
tems exist with similar diagnostic performance abilities (9) but
have variable impact with regard to time consumption or practi-
cality, affecting their use in daily practice, and also have concerns
in terms of interobserver reproducibility (10). Outcome Measures
in Rheumatology (OMERACT) is an independent initiative of inter-
national health professionals and patient research partners inter-
ested in outcome measures and measurement methodology,
particularly in the field of rheumatic diseases.

Recently, OMERACT proposed a consensus-based scoring
system to harmonize and standardize the analysis of US-SG for
the assessment of SS (11). This 2019 OMERACT US scoring sys-
tem includes a semiquantitative assessment of parenchymal het-
erogeneity of major salivary glands with a scoring ranging from
0 (normal parenchyma) to 3 (pathologic parenchyma without area
of normal parenchyma). However, this work also highlights that
in some cases, it may be difficult to distinguish the salivary
glands from the adjacent soft tissues, raising challenges for
the determination of this parenchymal score. In this specific
situation, when semiquantitative evaluation is impossible, an
alternative 2-item qualitative scoring system has conse-
quently been proposed, defining a parenchymal pattern as
either normal (fatty gland, scored 1) or strictly pathological
(fibrotic gland, scored 3). Based on this 4-grade semiquanti-
tative scoring system or 2-item qualitative scoring system, a
score of ≥2 defines a US-SG parenchyma compatible with a
diagnosis of SS.

The objectives of the present study were as follows: 1) evalu-
ate the diagnostic performances of the 2019 OMERACT US scor-
ing system within a population of patients with sicca syndrome,
divided into SS cohorts according to the ACR/EULAR 2016 clas-
sification criteria and/or the AECG 2002 criteria and control sub-
jects with clinical sicca syndrome but who did not fulfill these
classification criteria and 2) evaluate the new diagnostic perfor-
mances of the ACR/EULAR 2016 criteria and AECG 2002 criteria
for SS when 2019 OMERACT US criteria were included within
these existing classification systems.

MATERIALS AND METHODS

We retrospectively reviewed the available ultrasound scans
of 97 patients included in an existing French multicenter data-
base. Twenty-five patients were excluded due to insufficient num-
ber of images or insufficient image quality for retrospective review.
Image acquisition was performed by 3 different examiners
(1 examiner per center) with different devices (Philips, General
Electrics, and Esaote with a 5–18 MHz linear probe) (9). If US-
SG images were not sufficient (no recorded image or <2 glands
correctly evaluated) or of poor quality, patients were also
excluded.

Ultrasound evaluation. Two evaluators (FR and GC,
who had 2 and 10 years of experience in the practice of US-
SG, respectively) reviewed previously selected static images
and were blinded with regard to patients’ final diagnoses.
These 2 evaluators received practical training in the 2019
OMERACT US scoring system during a training formation at a
French national referral center, with additional training via video
clip assessment as previously published (11). A dedicated
checklist was developed in accordance with the 2019 OMER-
ACT US scoring system in order to optimize the evaluation.
Each of the 4 glands was individually scored. US-SG compati-
ble with the SS diagnosis was defined as a score of ≥2 for the
most affected salivary gland. In case of discrepancy between
the 2 examiners for final SS diagnosis based on US-SG,
images were reviewed by a third expert (J-DA, who had
10 years of experience in the practice of US-SG) who was also
blinded with regard to patients’ final diagnoses.

ACR/EULAR 2016 classification criteria. Clinical, bio-
logic, and functional data were collected prospectively at the time
of US-SG evaluation, by an independent investigator (AM) blinded
with regard to the results of US-SG assessment. OSS was fre-
quently missing data in the study population because it is difficult
to obtain this specific examination from an ophthalmologist in
daily care in French hospitals. OSS score is a minor variable
(1 point) in the ACR/EULAR 2016 classification system. There-
fore, the final diagnosis of SS was considered as having a total
score ≥4 points according to the ACR/EULAR 2016 criteria, even

SIGNIFICANCE & INNOVATIONS
• Ultrasound examination of the salivary glands

(US-SG) demonstrates a good specificity for the
diagnosis of Sjögren’s syndrome (SS).

• The 2019 Outcome Measures in Rheumatology US
classification for US-SG has good interobserver
reproducibility.

• We found a good correlation of the severity of gland
impairment as shown on ultrasound with histologic
and immunologic findings of SS.
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when information on OSS was missing. Patients with a total score
of ≤2 according to ACR/EULAR 2016 classification criteria were
considered to be non-SS patients (control subjects) even when
OSS was missing. Specific attention was accorded to borderline
patients, measured as a score of 3 according to the ACR/EULAR
2016 classification criteria, as ophthalmological assessment by
OSS could have possibly changed final diagnosis of SS.

Diagnosis of SS by expert clinicians. To evaluate the
diagnostic performances of modified existing classification sys-
tems with the inclusion of US-SG parameters according to
2019 OMERACT US scoring system, the diagnosis of SS by a
group of expert clinicians (FR, AL, and GC) was considered as
clinical reference standard. Medical records were reviewed ret-
rospectively and blindly to the US-SG results. Diagnosis was
based on the demographic, clinical, immunologic, and histologic
data of each patient. Different levels of diagnostic probability
were predefined as “certain,” “probable,” “unprobable,” and
“excluded” (Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24631). Diagnosis was clinically defined if at least
2 of 3 considered experts concluded that the diagnosis of SS
was “certain” or “probable” (Supplementary Table 1).

Statistical analysis. P values less than 0.05 were consid-
ered statistically significant. Quantitative variables were expressed
as the mean ± SD in case of Gaussian distribution of the variables
after verification by the Kolmogorov-Smirnoff test, and compari-
sons were performed by Student’s t-test. In case of non-
Gaussian distribution, variables were expressed as the median
(interquartile range [IQR]), and comparisons were performed by
Mann-Whitney nonparametric test. Qualitative variables were
expressed as the absolute number and percentage (%), and
comparisons were performed by chi-square test or Fisher’s exact
test as appropriate.

The diagnostic performance of the 2019 OMERACT US
scoring system was presented through receiver operating curves
(ROC) with assessment of area under the curve (AUC) and sensi-
tivity, specificity, positive likelihood ratio (LR+), and negative likeli-
hood ratio (LR−) with 95% confidence intervals (95% CIs) and a
2019 OMERACT US score of ≥2 as the diagnostic threshold.

Interobserver reproducibility was presented by Cohen’s
kappa. The degree of agreement within the 2 examiners (corre-
sponding to [true positive test + true negative test according to
the 2 examiners]/total of observations) were evaluated for 1) a
2019 OMERACT US score of ≥2 as a dichotomic outcome, 2)
each of the 4 final OMERACT semiquantitative scores and a qual-
itative score (fatty gland or fibrotic gland), and 3) each scoring by
saliva gland (parotid and submandibular). To evaluate the level of
agreement between the 2 examiners for the ordinal score of the
2019 OMERACT US as an assessment method for daily practice,
we used the intraclass correlation coefficient (ICC) (two-way

random). ICCs can be interpreted as demonstrating a low
(<0.50), medium (0.50–0.75), good (0.75–0.90), or excellent
(>0.90) level of agreement (12). Statistical analyses were per-
formed using SPSS software (version 20.0).

RESULTS

Characteristics of the study population. Seventy-two
patients with clinical sicca syndrome who met the proofreading
quality criteria of the US-SG assessment were included. Table 1
shows characteristics of all patients included in the present study.
Forty-two patients met the ACR/EULAR 2016 classification cri-
teria for SS (≥4 without OSS), and 30 patients did not meet these
criteria and were considered control subjects.

Patients with a diagnosis of SS had significantly lower results
on Schirmer’s test and unstimulated salivary flow testing and a
higher salivary gland histologic focus score compared to control
subjects. Positivity for antinuclear antibodies and SSA antibodies
was significantly higher in the SS patients group than in control
subjects (85.7% versus 40.0% and 66.7% versus 13.3%,
respectively) (Table 1).

Nine borderline subjects (30.0%) who were classified as
belonging to the control group had an ACR/EULAR 2016 classifi-
cation score of 3 points (without OSS). As already mentioned,
none of these 9 borderline subjects met the AECG 2002 classifi-
cation criteria for the diagnosis of SS (Figure 1) and were consid-
ered control subjects. The characteristics of patients with SS
versus controls according to the clinician expert group are avail-
able in Supplementary Table 2 and the Supplementary Appendix,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24631.

Distribution of the 72 patients included in the
study according to different SS classification systems
(ACR/EULAR 2016 without OSS, 2019 OMERACT US, and
clinician expert evidence). Twenty-five patients were diag-
nosed as having SS according to US-SG evaluation (OMERACT
score of ≥2). They were more frequently in the SS group (52.5%)
than in the control group based on the ACR/EULAR 2016 criteria
(10.0%), with an odds ratio (OR) of 9.9 (95% CI 2.60, 37.7);
P < 0.001. Twenty-two patients (88.0%) with abnormal findings
on US-SG (OMERACT score of ≥2) met the ACR/EULAR 2016
and AECG 2002 classification criteria for the diagnosis of
SS. The distribution of patients with a diagnosis of SS according
to the classification system used (ACR/EULAR 2016 classification
criteria without OSS, AECG 2002 criteria, assessment by clinician
expert group, or 2019 OMERACT US criteria) is shown in
Figure 1.

Diagnostic performance of the OMERACT US-SG
according to different classification systems. According
to the 2019 OMERACT US scoring system, the diagnostic
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performance of US-SG for the diagnosis of SS was characterized
by an AUC ROC of 0.751 (95% CI 0.621, 0.882), and a 2019
OMERACT US score of ≥2 had a sensitivity of 52.4% (95% CI

0.377, 0.666), a specificity of 90.0% (95% CI 0.744, 0.965), an
LR+ of 5.24 (95% CI 1.72, 15.9), and an LR− of 0.53 (95% CI
0.35, 0.84) for the diagnosis of SS, based on the ACR/EULAR

Table 1. Comparison of the characteristics of the 72 patients with sicca syndrome included in the study*

Patients with
Sjögren’s syndrome

(n = 42)
Control subjects

(n = 30) P

Demographic variables
Age, mean ± SD years† 58.0 ± 13.8 56.9 ± 11.1 0.68
Female sex 39 (92.9) 29 (96.7) 0.64
Other systemic disease‡ 9 (21.4) 12 (40.0) 0.18

Sicca syndrome parameters
Sicca syndrome duration of ≥5 years 11 (26.2) 12 (40.0) 0.22
Subjective ocular dryness 40 (95.2) 29 (96.7) 0.77
Schirmer test, mm/5 minutes§ 1.5 (0–5.0) 8.0 (2.5–15) <0.001
Pathologic Schirmer test, <5 minutes 11/28 (39.3) 1/25 (4.0) 0.003
Subjective dry mouth 40 (95.2) 24 (80.0) 0.06
Unstimulated salivary flow, ml/5 minutes† 1.18 ± 1.18 1.73 ± 1.08 0.09
Pathologic unstimulated salivary flow
(<0.1 ml/minute)

35/39 (89.7) 10/29 (34.5) <0.001

Biopsy of accessory salivary glands
Focus score§ 1.2 (1.0–2.0) 0.14 (0–0.72) <0.001
Focus pathologic score, ≥1/4 mm2 37/40 (92.5) 4/29 (13.8) <0.001

Biological parameters
ANA positivity, ≥1/320 36 (85.7) 12 (40.0) <0.001
SSA antibody positivity 28 (66.7) 4 (13.3) <0.001
RF positivity 18/35 (51.4) 11 (36.7) 0.23
Polyclonal hypergammaglobulinemia, ≥16 gm/liter 19 (45.2) 2 (6.7) 0.001

US-SG parameters
US-SG SS (2019 OMERACT US score of ≥2) 22 (52.4) 3 (10.0) <0.001
Global OMERACT scoring, reader 1/reader 2
Grade 0 8/7 4/13 NS/<0.05
Grade 1 14/12 22/13 <0.05/NS
Grade 2 11/5 3/1 NS/NS
Grade 3 9/18 1/3 <0.05/<0.05

Parotid glands scoring, right/left parotid glands
(n = 144)

Grade 0 24/23 21/31 NS/<0.05
Grade 1 21/13 27/10 NS/NS
Grade 2 19/28 2/1 <0.05/<0.05
Grade 3 5/6 0/0 NS/NS
Fibrotic gland 5/7 0/2 NS/NS
Fatty gland 10/11 10/16 NS/NS

Submandibular glands scoring, right/left submandibular
glands (n = 142)

Grade 0 21/26 17/37 NS/<0.05
Grade 1 32/16 33/15 NS/NS
Grade 2 18/8 5/3 NS/NS
Grade 3 1/6 0/2 NS/NS
Fibrotic gland 10/25 1/1 <0.05/<0.05
Fatty gland 0/0 4/4 NS/NS

2002 AECG classification (≥4 points) 42 0 –

Clinician expert group diagnosis of SS 42 5 –

* Except where indicated otherwise, values are the no. (%) or the no./total no. (%). Patients with Sjögren’s syndrome
(SS) met the American College of Rheumatology/European Alliance of Associations for Rheumatology 2016 classifi-
cation criteria for SS without ocular staining score. AECG = American-European Consensus Group; ANA = antinu-
clear antibody; NS = not significant; OMERACT = Outcome Measures in Rheumatology; RF = rheumatoid factor;
US-SG = ultrasound examination of the major salivary glands.
† Quantitative variable of Gaussian distribution verified by the Kolmogorov-Smirnov test, expressed as the
mean ± SD.
‡ Four with rheumatoid arthritis, 4 with undifferentiated connective tissue disease, 2 with systemic lupus erythema-
tosus (SLE), and 1 with systemic sclerosis in the SS group; 8 with rheumatoid arthritis, 3 with SLE, and 1 with undif-
ferentiated connective tissue disease in the control group.
§ Nonparametic distribution variable, expressed as the median (interquartile range).
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2016 classification criteria for SS (Figure 2). For the 9 borderline
patients with a score of 3 according to the ACR/EULAR 2016
classification criteria for SS (and who did not meet the AECG
2002 criteria), 2 patients had a 2019 OMERACT US score of ≥2.
The clinical and biologic characteristics of the 3 patients who did
not meet the ACR/EULAR 2016 criteria without OSS or AECG
2002 criteria with a 2019 OMERACT US score of ≥2 are available
in Supplementary Table 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24631. According to the diagnosis of SS selected by the
expert clinician group, the performance of US-SG was character-
ized by an AUC ROC of 0.705 (95% CI 0.585, 0.825) with a sen-
sitivity of 48.9% and specificity of 92.0% (Table 2).

Diagnostic performance of the ACR/EULAR 2016 and
AECG 2002 classification systems with and without
inclusion of US-SG assessment according to the 2019
OMERACT US scoring system. According to the diagnosis of
SS selected by the expert clinician group, the diagnostic perfor-
mance of the ACR/EULAR 2016 classification criteria without
OSS was characterized by an AUC ROC of 0.979 (95% CI
0.953, 1.00) with a score of ≥4, a sensitivity of 89.4%, and a
specificity of 100%. For the AECG 2002 classification criteria,
AUC ROC was 0.926 (95% CI 0.863, 0.988) with a score of
≥4, a sensitivity of 85.1%, and a specificity of 100% (Figure 3
and Table 2).

After multivariate analysis, which included all variables of
the ACR/EULAR 2016 classification criteria without OSS and
US-SG (2019 OMERACT US score of ≥2), only the histologic
criterion (focus score of ≥1) was independently associated with
the final diagnosis of SS (Supplementary Table 4, available on
the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24631). Therefore, we have
included the US-SG parameter (2019 OMERACT US score of
≥2) with a weight of +1 point in addition to other variables of
the ACR/EULAR 2016 or AECG 2002 classification systems.
Diagnosis of SS was retained for ACR/EULAR 2016 classifica-
tion criteria score of ≥4 or AECG 2002 criteria score of ≥5/7,
including US analysis.

Figure 1. Distribution of the 72 patients included in the study
according to the different Sjögren’s syndrome (SS) classification sys-
tems (American College of Rheumatology [ACR]/European Alliance of
Associations for Rheumatology [EULAR] 2016 criteria for SS without
ocular staining score, 2019 Outcome Measures in Rheumatology
[OMERACT] ultrasound criteria, and clinician expert). Black box cor-
responds to the distribution of the 25 patients who had an ultrasound
score of ≥2 according to 2019 OMERACT criteria; black circle corre-
sponds to the distribution of the 47 clinical diagnoses of SS. Eighteen
patients in this cohort (asterisk) met the 2002 American-European
Consensus Group criteria.

Figure 2. Diagnostic performances of the 2019 Outcome Mea-
sures in Rheumatology (OMERACT) ultrasound classification of the
major salivary glands for Sjögren’s syndrome using 2016 classifica-
tion criteria for Sjögren’s syndrome by the American College of
Rheumatology/European Alliance of Associations for Rheumatology
as the reference standard.
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The inclusion of the US-SG in the ACR/EULAR 2016 classifi-
cation system showed an increase in sensitivity to 91.5% while
specificity declined slightly to 96.0% with an AUC of 0.975 (95%
CI 0.945, 1.00). Similar results were observed when the US-SG
was included in the AECG 2002 classification criteria (Figure 3
and Table 2).

Intraobserver reproducibility of the 2019 OMERACT
US scoring system. Interobserver reproducibility of US-SG
assessment for SS diagnosis defined by a 2019 OMERACT US
score of ≥2 was good with a κ of 0.73 (95% CI 0.64, 0.81) with a
degree of agreement of 87.5% and an ICC of 0.769 (95% CI
0.63, 0.86).

Nine patients (12.5%) had a disagreement between reader
1 and reader 2 requiring further reading by a third reader
(Supplementary Table 5, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24631). All these patients had SS in accordance
with the ACR/EULAR 2016 classifications (without OSS) and
the AECG 2002 criteria, and no 2019 OMERACT US diagnostic
discordance was observed for control subjects (all control sub-
jects were classified as having normal findings on US-SG)
(Table 3). Ultimately, reader 3 concluded to a US diagnosis of
SS (2019 OMERACT US score of ≥2) for 4 of 9 patients
(Supplementary Table 6, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24631).

When the exact 2019 OMERACT US score for each gland
was considered separately, interobserver reproducibility
decreased significantly (κ = 0.2–0.4) with a degree of agreement
of <50%, which was better for submandibular glands than it was

for parotid glands. Interobserver reproducibility decreased further
when fibrotic gland and fatty gland patterns were considered
(Table 3).

Table 2. Diagnostic performance (according to the clinician expert group as reference standard) of the 2019 OMERACT ultrasound scoring
system, the ACR/EULAR 2016 classification criteria without OSS, and the 2002 AECG classification criteria in the absence or presence of
US-SG in SS*

AUC Cutoff Sensitivity Specificity LR+ LR−

2019 OMERACT ultrasound
scoring system

0.705 (0.585, 0.825) ≥2 48.9 (0.353, 0.628) 92.0 (0.750, 0.978) 6.1 (1.6, 23.9) 0.55 (0.41, 0.75)

ACR/EULAR 2016
classification criteria
(without OSS)

0.979 (0.953, 1.00) ≥4 89.4 (0.774, 0.954) 100 (0.867, 1.0) +∞ 0.11 (0.05, 0.24)

≥5 55.3 (0.413, 0.686) 100 (0.867, 1.0) +∞ 0.45 (0.33, 0.61)
Ultrasound-modified
ACR/EULAR 2016
classification criteria
(without OSS)

0.975 (0.945, 1.00) ≥4 91.5 (0.801, 0.967) 96.0 (0.805, 0.993) 22.9 (3.4, 156) 0.09 (0.04, 0.23)

≥5 66.0 (0.517, 0.778) 100 (0.867, 1.0) +∞ 0.34 (0.23, 0.51)
2002 AECG classification
criteria

0.926 (0.863, 0.988) ≥4 85.1 (0.723, 0.926) 100 (0.867, 1.0) +∞ 0.15 (0.08, 0.30)

≥5 38.3 (0.258, 0.526) 100 (0.867, 1.0) +∞ 0.62 (0.49, 0.77)
Ultrasound-modified 2002
AECG classification criteria

0.982 (0.922, 0.999) ≥4 87.2 (0.748, 0.940) 96.0 (0.805, 0.993) 21.8 (3.2, 149) 0.13 (0.06, 0.28)

≥5 57.5 (0.433, 0.705) 100 (0.867, 1.0) +∞ 0.43 (0.31, 0.59)

* Except where indicated, values are shown with 95% confidence intervals. ACR = American College of Rheumatology;
AECG = American-European Consensus Group; AUC = area under the curve; EULAR = European Alliance of Associations for Rheumatology;
LR+ = positive likelihood ratio; LR− = negative likelihood ratio; OMERACT = Outcome Measures in Rheumatology; OSS = ocular staining score;
SS = Sjögren’s syndrome; US-SG = ultrasound examination of the major salivary glands.

Figure 3. Comparison of the receiver operating curves (ROC) of the
diagnostic performance of the 2016 American College of Rheumatol-
ogy (ACR)/European Alliance of Associations for Rheumatology
(EULAR) and 2002 American-European Consensus Group (AECG)
classification systems with or without inclusion of the US-SG accord-
ing to the 2019 Outcome Measures in Rheumatology (OMERACT)
ultrasound (US) scoring system, with diagnosis of Sjögren’s syndrome
by the expert clinician group as a reference. US-SG = ultrasound
examination of the major salivary glands.
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Correlation of 2019 OMERACT US ordinal score and
other saliva or immunologic parameters. The level of minor
salivary gland lymphocyte infiltration assessed by the focus score
level was significantly associated with the stage of major salivary
gland morphologic abnormality according to the 2019 OMERACT
US scoring system (regardless of the reader) with a Kendall’s tau cor-
relation level of 0.318 (Supplementary Figure 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24631). Anti-SSA antibodies, but not rheumatoid
factor, were more frequently detected in patients with high 2019
OMERACT US scores. Correlation between 2019 OMERACT US
score and the severity of the objective sicca syndrome by the unsti-
mulated salivary flow was not significant (Supplementary Table 7,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24631).

DISCUSSION

Findings of the present study suggest that US-SG according
to the 2019 OMERACT US scoring system is very specific for the
diagnosis of SS but has disappointing sensitivity. Nonetheless,
the inclusion of US-SG in addition to the other variables of the
ACR/EULAR 2016 and AECG 2002 classification systems
increased sensitivity, albeit with a lower specificity that still
remained high and clinically relevant (>95%). The OMERACT
score allows a consensus US diagnostic harmonization of major
salivary glands applicable to daily practice for clinicians with a
good reproducibility for a diagnostic threshold of ≥2.

In the present work, when using the ACR/EULAR 2016 cri-
teria as the reference standard, the 2019 OMERACT US score
had a sensitivity of 52.4% and a specificity of 90.0%. These
results are partly consistent with the literature. A meta-analysis
performed in 2018 (13) evaluating diagnostic accuracy of US for
the diagnosis of SS showed a pooled sensitivity of 75% and a

pooled specificity of 93%. Nevertheless, these results may not
be directly comparable, as the US scoring system used in these
studies were different and did not include the 2019 OMERACT
US scoring system. In the DiaPSS cohort of 164 patients (80 SS
patients and 84 control subjects), with clinical diagnosis used as
the reference standard, 2019 OMERACT US scoring had a
sensitivity of 65% and a specificity of 81% (5).

For our study, when using the diagnosis of the clinical expert
group as the reference standard, the addition of the US parameter
to the ACR/EULAR 2016 criteria allowed for an improvement in sen-
sitivity (91.5% versus 89.4%) but a decrease in specificity (96.0%
versus 100%). This result is in accordance with other data from the
literature; van Nimwegen et al (8) found that the addition of the US-
SG parameter to the ACR/EULAR 2016 classification criteria
increased sensitivity (97.3% versus 95.9%) and decreased specificity
(90.2% versus 92.2%) with clinical diagnosis used as the reference
standard. Nonetheless, in the study by vanNimwegen et al, US scor-
ing was limited to a unilateral evaluation (including parotid and sub-
mandibular glands) of the hypoechogenic area. An optimal cutoff
value of ≥1.5 was considered as pathologic. Unilateral evaluation
has been already described as sufficient, without losing specificity
or sensitivity (14). More recently, Jousse-Joulin and colleagues (5),
with a methodology similar to the one used in the present study,
reported similar results (AUC 0.96 [95% CI 0.95, 0.98]) with a score
of ≥4, a sensitivity of 95.6% (versus 90.2% without US-SG), and a
specificity of 82.6% (versus 84.2% without US-SG). These concor-
dant results highlight that general use of the US-SG, in combination
with other commonly used tests (salivary or lacrimal function test,
anti-SSA antibody testing, and biopsy of the labial minor SGs) should
be considered for daily clinical practice.

Lack of sensitivity of US-SG evaluation for the diagnosis of
SS does not seem to be explained by the duration of disease pro-
gression (74% of SS patients in the present study had sicca

Table 3. Interobserver correlations of US variables in the 2019 OMERACT classification*

Kappa
(reader 1/reader 2)

ICC
(reader 1/reader 2)

Agreement, %
(reader 1/reader 2)

US-SG SS (2019 OMERACT US score of ≥2) 0.727 (0.643, 0.811) – 87.5
Global 2019 OMERACT US scoring 0.405 (0.329, 0.481) 0.769 (0.63, 0.86) 56.9
Scoring of the parotid glands
Right parotid gland 0.279 (0.205, 0.353) 0.392 (0.03, 0.62) 44.4
Left parotid gland 0.226 (0.152, 0.300) 0.406 (0.05, 0.63) 40.2

Scoring of the submandibular glands
Right parotid gland 0.346 (0.275, 0.417) 0.656 (0.45, 0.79) 48.6
Left parotid gland 0.363 (0.297, 0.429) 0.617 (0.39, 0.76) 51.4

Fatty gland
Parotid gland (20†/27‡) 0.167 (0.071, 0.263) 0.237 (−0.22, 0.52) 75.7
Submandibular gland (4†/ 4‡) 0.268 (0.041, 0.495) −0.039 (−0.66, 0.35) 96.5

Fibrotic gland
Parotid gland (5†/9‡) 0.277 (0.107, 0.447) 0.551 (0.28, 0.72) 93.8
Submandibular gland (11†/26‡) 0.287 (0.183, 0.391) 0.600 (0.36, 0.75) 83.3

* Except where indicated, values are shown with 95% confidence intervals. ICC = intraclass correlation coefficient (two-way ran-
dom); OMERACT = OutcomeMeasures in Rheumatology; SS = Sjögren’s syndrome; US-SG = ultrasound examination of the major
salivary glands.
† Reader 1 (FR).
‡ Reader 2 (GC).
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syndrome for <5 years), which is consistent with results from
previous studies (5,15–17). Furthermore, US-SG appears to have
a low sensitivity for detecting change in the natural history of the
disease (18). We suggest that its disappointing sensitivity reflects
the heterogeneity of the disease and that US characteristics of
the major SGs should be considered as phenotypic markers. As
already described in the literature (19), severity of the parenchy-
mal heterogeneity according to the 2019 US OMERACT scoring
system was significantly correlated with positivity for anti-SSA
antibodies, as well as with the levels of lymphocyte infiltration of
the glandular parenchyma assessed by focus score. Similarly,
authors of another study have suggested possible improvement
of the US heterogeneity of parenchyma after treatment with ritux-
imab, which may indirectly confirm the important correlation
between glandular involvement, immunologic parameters, and B
lymphocyte hyperactivity in this disease (20). As recently sug-
gested, we can assume that beyond the issue of the diagnostic
value of US-SG, the establishment of this 2019 OMERACT US
salivary gland scoring method could be valuable for phenotypic
classification of a patient with SS at risk of systemic complications
resulting from B lymphocyte hyperactivation, such as the onset of
cryoglobulinemic vasculitis or B cell lymphoma (21).

To be applicable and fully trustworthy, good reproducibility
for the definition of each stage of the 2019 OMERACT US classi-
fication system is warranted. Our results are consistent with the
literature (9,11) with a good reproductivity interobserver repro-
ducibility (κ = 0.73) when focusing on SS diagnosis (OMERACT
score of ≥2). Our results also suggest a poor reproducibility for
some definitions. Poor reproducibility of the fatty salivary gland
cannot be considered as a limitation because it is a variant of nor-
mality and it corresponds to a nonpathologic 2019 OMERACT US
score of 1. Whereas one of the strengths of this 2019 OMERACT
US classification is to include the presence of an inhomogeneous
parenchyma with numerous thick hyperechoic bands, represent-
ing a postinflammatory fibrous transformation of the salivary gland
(OMERACT score of 3), our poor reproducibility for this entity
could be due to a poor classification between grade 1 and grade
3. However, this poor reproducibility may be overestimated by
the reading of static images that makes interpretations more diffi-
cult than of dynamic examinations, as described previously (22).
The spreading and generalization of this 2019 OMERACT US
classification system along with prior training of the practitioners
and regular improvement of US equipment may improve these
results in the future.

Our study has several potential limitations due to its retro-
spective nature with missing data (i.e., EULAR Sjögren’s Syn-
drome Disease Activity Index level or functional gene severity
according to the EULAR Sjögren’s Syndrome Patient Reported
Index). The absence of data regarding OSS, due to the organiza-
tion of the French health system and the poor availability of oph-
thalmologists, did not allow us to properly evaluate the relevance
of substituting OSS by US-SG for the diagnosis of SS because

US-SG made the diagnosis of SS according to the AECG criteria
for only 2 of 9 borderline patients who had an ACR/EULAR 2016
score of 3. However, OSS was not significantly associated with
an expert primary SS diagnosis when US-SG was considered,
and OSS diagnostic value in daily practice is challenging by the
EULAR US Primary SS Task Force (UTOPIA study) (5).

In conclusion, the present study confirms the good specific-
ity of the 2019 OMERACT US classification for the US-SG and
its feasibility in daily practice for the diagnosis of SS. In the future,
we hope that the systematic inclusion of US-SG in prospective
cohorts of patients with SS could confirm the prognostic value of
US assessment.
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“Like Peanut Butter and Jelly”: A Qualitative Study of
Chiropractic Care and Home Exercise Among Older
Adults With Spinal Disability

Michele Maiers1 and Stacie A. Salsbury2

Objective. A mixed-methods, randomized controlled trial comparing short- and long-term chiropractic care and
exercise therapy for spinal disability in older adults found no between-group differences in the primary outcome. How-
ever, those who received long-term management reported greater improvement in neck pain, self-efficacy, function,
and balance. This nested qualitative study explored participants’ perceptions of the benefits and drawbacks of chiro-
practic care and exercise for spine-related outcomes, with an emphasis on understanding what makes treatment for
spine-related problems worthwhile.

Methods. Of 171 individual interviews conducted after completing study treatment, 50 participants (25 per treat-
ment group) were randomly selected for this analysis. Qualitative descriptive analysis included dual coding of verbatim
transcripts by 2 investigators (MM and SAS), which was further distilled into a consensus-derived codebook of themes
and organized using NVIVO software.

Results. Participants described trial interventions as complementary to one another for spine-related disability.
Chiropractic care was viewed as improving spinal pain and controlling symptoms, while exercise therapy was noted
for its long-term impact on self-efficacy and self-management. These older adults considered changes in pain, global
sense of improvement, and improved biomechanical function as making treatment worthwhile.

Conclusion. Older adults valued nonpharmacologic treatment options that aided them in controlling spine-related
symptoms, while empowering them to maintain clinical benefit gained after a course of chiropractic spinal manipulation
and exercise. The complementary nature of provider-delivered and active care modalities may be an important consid-
eration when developing care plans. This study underscores the importance of understanding participants’ values and
experiences when interpreting study results and applying them to practice.

INTRODUCTION

Spine-related pain and disability are common among older

adults (1,2) and impact the overall health, physical function, social

interactions, and quality of life of persons in their later years (3,4).

Back and neck pain are leading contributors to years lived with

disability among older adults (5). Amplifying this public health

issue is the association between spinal conditions and chronic

disease associated with age, including cardiovascular disease,

diabetes mellitus, widespread pain, and obesity (6–9). Chronic

spinal pain decreases cognitive function, increases the risk of

accidental falls, and reinforces kinesiophobia and the fear of falling

among community-dwelling older adults (10–12). These factors

may negatively impact older adults’ ability to age in place, enjoy

life, and fully participate in society (3).
Clinical practice guidelines prioritize the use of safe and effec-

tive, nonpharmacologic interventions such as spinal manipulation

and exercise to treat spine-related conditions (3,13–16). The rise

of back pain as a leading cause of years lived with disability (6)

has given greater attention to measuring the impact of these treat-

ments not only on pain but also on disability outcomes (17), includ-

ing in older persons. While disability has been used to predict the
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trajectory of back conditions in older adults (18), few randomized

controlled trials (RCTs) investigate the impact of conservative care

options on disability in this population, with mixed quality and

results (8,19). Spinal manipulation, typically delivered by chiroprac-

tic doctors, has demonstrated safety in this patient population and

is estimated to be underutilized by older persons (20–22). While

continued quantitative research should investigate the clinical and

cost effectiveness and implementation of such interventions

(3,23), the therapeutic experience and treatment expectations of

older adults living with spinal disability should also be considered

(24,25). Additional qualitative research is needed to more fully

understand older adults’ experience receiving treatment for spine-

related pain, variables that drive health care–seeking behavior for

spine-related problems, and what contributes to how aging people

place value on that care. Leveraging what is known about patients’

experiences with treatments may enhance the delivery of, and

adherence with, high-value interventions that remain underutilized.

Further, implementing findings from both quantitative and

qualitative research has the potential to inform a more fulsome,

yet individualized spine care experiences for older adults.
Our research group conducted an RCT (Figure 1) to investi-

gate the relative effectiveness of short-term (12 weeks) treatment
for spinal disability, using a combination of spinal manipulative
therapy (SMT) and exercise recommendations, compared to a
long-term (36 weeks) management using the same interventions
(26,27). Participants were ages 65 and older, including commu-
nity dwelling and independently ambulatory individuals. They
reported both neck- and back-related concerns of at least
12 weeks in duration, scoring a minimum of 10% on both the
Neck Disability Index (28) and Oswestry Disability Index (29), with

the addition of both scores totaling ≥25. The RCT demonstrated
that 36 weeks of treatment did not confer additional reduction in
back or neck disability beyond that experienced by those in the
12-week group. Sizeable proportions of participants in both
groups experienced 30% and 50% reductions in back and neck
disability. These findings were notable in that most participants
were chronic sufferers of spinal disability (median duration of neck
symptoms of 10 years; median duration of back symptoms of
14.5 years). Further, much of the improvement gained during
the intervention was sustained over the long term. Among
secondary outcomes, those who received 36 weeks of care
experienced greater improvements in neck pain at week 36, self-
efficacy at weeks 36 and 52, and better functional ability and
balance after treatment. Using qualitative interview data gathered
during the RCT, the purpose of this qualitative study was to
understand older adults’ perceptions toward the worthwhileness
of treatment for chronic spinal disability in general and how study
treatments were viewed as beneficial or not for these conditions.

TRIAL PARTICIPANTS 

Age 65 years or older 
Both neck and low back-related disability 

Symptoms > 12 weeks 
Community-dwelling, independent mobility 

RANDOMIZATION 
(N=182) 

SHORT-TERM  
TREATMENT
 of 12 weeks 

 (n=91) 

*Chiropractic 
Spinal Manipulation 
(average 10 visits)  

+
**Supervised 

Exercise 
Instructional

Sessions (average 4)
with home exercise 

encouraged 

LONG-TERM  
MANAGEMENT      

of 36 weeks  
 (n=91) 

aChiropractic  
Spinal Manipulation 
(average 19 visits)  

+
bSupervised

Exercise 
Instructional

Sessions (average 9)
with home exercise 

encouraged 

PRIMARY OUTCOME 
Neck & Back Disability 

• Similar improvement in 
disability between groups 
at all �me points 

• Greatest improvement 
achieved for each group 
at end of treatment phase

RANDOMLY SELECTED INTERVIEWS 
(n=50; 25 per treatment group) 

Key Questions: 
• Worthwhile treatment for spine related disability 
• Most beneficial aspects of the study
• Least beneficial aspects of the study

SECONDARY OUTCOMES 

Long-term management 
had: 
• Less neck pain at week 36 
• Greater self-efficacy at 

weeks 36 and 52 
• Greater improvement in 

balance and physical 
performance 

Qualitative
Interview

(n=87)

Qualitative
Interview

(n=84)

Figure 1. Flow chart of randomized controlled trial, with nested
qualitative component. */a = chiropractic spinal manipulation treat-
ment consisted of high velocity, low-amplitude manipulation, with
low-amplitude mobilization, manual distraction, gentle soft tissue
massage, heat or cold therapy, and active or passive muscle stretch-
ing to facilitate manipulation. **/b = supervised rehabilitative exercise
included instruction for a standardized program of stretching,
strengthening, and balance exercises instruction sessions, to be
completed daily at home, in addition to self-care advice.

SIGNIFICANCE & INNOVATIONS
• Older adults viewed chiropractic care and exercise

therapy as complementing one another in the treat-
ment of spinal disability, a perspective not previ-
ously described in the literature.

• Chiropractic care was identified as the aspect of
multimodal treatment that alleviated spinal pain
and symptoms, while exercise therapy was noted
for its impact on self-efficacy and long-term self-
management of spine-related conditions.

• These individuals consider spine-related, nonphar-
macologic treatment worthwhile when care aligns
with their preferences, addresses pain and other
symptoms, enhances self-management, and
accommodates needs associated with aging.

• While the parent randomized controlled trial did
not find between-group differences in the primary
outcome of disability, qualitative findings highlight
the importance study participants placed on out-
comes of pain, function, and self-efficacy, which
favored long-term management over short-term
treatment.
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PATIENTS AND METHODS

Study design. This descriptive study reports the qualitative
component of a mixed-methods RCT described above and else-
where (26,27). As outlined by Verhoef and colleagues, the com-
bined RCT qualitative study strategy addresses known
challenges to using clinical trial methodology alone in the investi-
gation of complementary and integrative health interventions,
which include the multimodal and individualized approach to
treatment and the importance of the therapeutic effect of the
patient–provider relationship in the healing process (30). The trial
was conducted in compliance with the Helsinki Declaration,
approved by the institutional review board at Northwestern Health
Sciences University, and registered (ClinicalTrials.gov identifier:
NCT01057706). Participants provided written consent for trial
enrollment and verbal consent for audio-recording. Six research
staff, who had received standardized training, conducted in-
person interviews with 171 participants upon completing the
study intervention (26). Open-ended questions (Table 1) were
similar to those used previously by the investigators to solicit
adults’ views of care for spine-related conditions (31,32). Inter-
views were transcribed verbatim, with a 10% random sample of
transcripts compared against the recording to ensure accuracy.
Qualitative participants were similar to all trial participants, except
for sex (68% versus 59% female, respectively) (Table 2).

Data analysis. Our analysis used a qualitative descriptive
approach to depict the views these older persons had about the
trial interventions and processes in relation to their experience of
spinal disability (33). Our primary purpose was to understand
what older adults deemed worthwhile and beneficial about chiro-
practic care and supervised exercise, as advocated by Verhoef
et al (30). We also sought to understand the context of these
treatments, including participants’ insights about patient–provider
interactions and how the interventions aligned with their broader
values, beliefs, or expectations for spine care, as is also
recommended for qualitative studies of complex complementary
interventions (30).

The investigators made an a priori decision to analyze
50 randomly selected transcripts (25 per group) based on our

previous analyses in which thematic saturation was achieved
with coding a similar proportion of available transcripts (31,32).
Full transcripts were imported into NVivo, version 9.2 (QSR
International Pty Ltd) for data management and content analy-
sis. The investigators independently read and coded each tran-
script, highlighting notable passages and ascribing a code, or
node, to the passage within the project database. Our interac-
tive approach to qualitative content analysis was informed by
codebooks from our previous investigations of these interven-
tions in different patient populations (31,32) as in the template
analysis style described by Crabtree and Miller (34). This code-
book was modified, with node definitions expanded, revised,
or deleted throughout the analysis to allow a good fit with the
concepts emerging from each question and across interviews
(33). The investigators met by video conference to reach coding
consensus after completed sets of 10 transcripts, with coding
decisions reflected in a master database. After all interviews
were initially coded, nodes were grouped into discrete themes,
with representative quotations identified by participant number.
Reflections on our analytic process noted no new themes were
added after 2 rounds of iterative coding, suggesting thematic
saturation was achieved with the random sample. Some
themes in our findings are presented numerically to describe
patterns in the data, as is consistent with qualitative descriptive
research (33). We also created a graphic image to offer the
researchers’ interpretation of study findings in a summative
fashion, which is also in keeping with qualitative descrip-
tion (33).

RESULTS

Thematic overview. The following peanut butter
and jelly sandwich analogy used by a participant
inspired Figure 2:

“It’s hard to separate the exercise from the chiropractic

visits because I really think they kinda worked hand-in-hand

The exercise tended to start loosening me up, and the chi-

ropractic visits stretched me out. When I left here, I was

walkin’ on air after those chiropractic visits. But it’s hard to

separate the two. I don’t know that you should ever con-

sider separating them. They’re like peanut butter and jelly

[both participant and interviewer chuckle].” (participant

number 17930)

Figure 2 provides a thematic overview of responses from partici-
pants in this RCT and how they relate to one another to create a
milieu of these older adults’ experiences with care. The bread of
the sandwich represents how participants contextualized their
preferences for health care, including their perceived needs as
older adults. The peanut butter and jelly sandwich filling highlight
common themes relative to their experiences with chiropractic
care and exercise for spine care.

Table 1. Qualitative interview schedule

Question Probe

In general, when seeking care
for your neck and back
problems, what types of
things make a treatment
worthwhile to you?

Overall, what do you look for in
a treatment?

What makes a treatment worth
investing your time, energy,
or money in?

In your opinion, what was the
most beneficial or helpful
part of being in this study?

Why is that?
Was there anything you liked
about the study?

What was the least beneficial or
helpful part of being in this
study?

Why is that?
Was there anything you didn’t
like about the study?
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Complementary treatments for spinal disability.
Participants largely considered trial interventions as beneficial,
with 54 unique references made to the exercise component, and
32 references made to chiropractic care. The combination of
these treatments emerged as an important aspect of care, which
was seen as complementary. Specifically, chiropractic care was
viewed as beneficial for controlling symptoms, while exercise
therapy empowered these older adults to self-manage their con-
ditions in the longer term.

“The chiropractic care probably was the most immediate

reaction, you know, for improvement, but, I think, the exer-

cises, the strengthening and stretching exercises, will proba-

bly, in the long run, be the most helpful.” (participant number

18108)

“My back improved greatly when I went to the chiropractor.

I have never had so much relief… After about a month or so,

[the exercise] made me feel better for the rest of the day. I

didn’t have that slump two or three in the afternoon. I’m a little

more mobile and able to do things—makes a better life.”
(participant number 18858)

Patient preferences for health care. Many participants
spoke about howworthwhile chiropractic care (n = 20), adjunctive
therapies (n = 17), and exercise (n = 9) were for managing spine
conditions. These conservative therapies often aligned with per-
sonal beliefs and preferences for health care.

“Chiropractic and massage. I believe that when your body is

aligned it heals itself easier, and when it’s out of alignment, it

causes more pain and aggravation to the system, and to the

body.” (participant number 17309)

Several drew contrasts between these nonpharmacologic treat-
ments and their usual medical care.

“I’d rather pay the chiropractor now than a doctor later. It’s

called maintenance—proper maintenance of my body.” (parti-
cipant number 17946)

“I think in this society we’re all conditioned to think of pain as,

‘Oh my God, what am I going to do?’ We tend to medicate an

awful lot of stuff…I have no problem with doctors, but I think

it’s quite remarkable what good chiropractic care can do.”
(participant number 17152)

Figure 2. Contextual factors surrounding chiropractic and exercise
for spine care in a sample of older adults participating in a randomized
controlled trial.

Table 2. Demographic and clinical characteristics*

Qualitative
sample
(n = 50)

Total
sample
(n = 182)

Age, median (range) years 68 (65–84) 69 (65–87)
Female sex 34 (68) 108 (59)
Race
White 48 (96) 175 (97)
All others† 2 (4) 6 (3)

Duration of pain, mean ± SD
years

Back 16.7 ± 13.1 17.6 ± 15.8
Neck 9.1 ± 9.2 12.7 ± 13.1

Education
High school or less 12 (24) 33 (18)
Any college (less than
Bachelor’s degree)

19 (38) 73 (40)

Bachelor’s degree or greater 19 (38) 76 (42)
Severity of pain, mean ± SD

(range 0–10)‡
Back 5.2 ± 1.7 5.0 ± 1.9
Neck 4.6 ± 2.1 4.6 ± 1.7

Change in pain between baseline
and end of treatment,
mean ± SD‡

Back –2.1 ± 2.2 –1.9 ± 2.3
Neck –1.8 ± 2.1 –1.9 ± 2.0

Severity of disability, mean ± SD
(range 0–100)§

Back 27.0 ± 10.0 26.2 ± 9.2
Neck 25.4 ± 7.8 25.9 ± 8.5

Change in disability between
baseline and end of
treatment, mean ± SD§

Back –7.7 ± 9.4 –6.3 ± 9.2
Neck –8.0 ± 5.2 –8.6 ± 8.5

Kinesiophobia (baseline)¶ 34.2 (5.8) 34.4 (5.3)
Self-efficacy (baseline)# 48.6 (9.2) 47.6 (9.1)

* Values are the number (%) unless indicated otherwise.
† All others includes American Indian or Alaska Native, Black or Afri-
can American, and other races.
‡ Back and neck pain in the past week was included, with lower
scores indicating less pain. Change in pain was an average of differ-
ence in pain scores between baseline and the end of the interven-
tion phase (either 12 or 36 weeks, as per random assignment).
§ Back disability was measured by the Back Disability Index and neck
disability wasmeasured by theNeckDisability Index, with higher scores
indicating greater disability. Change in disability was an average of dif-
ference in disability scores between baseline and the end of the inter-
vention phase (either 12 or 36 weeks, as per random assignment).
¶ The Tampa Scale of Kinesiophobia, a 17-item instrument, was uti-
lized, with lower scores indicating lower levels of kinesiophobia.
# The Pain Self-Efficacy Questionnaire, a 10-item instrument, was
utilized, with higher scores indicating stronger self-efficacy beliefs.
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Participants also valued personal involvement in their health care
experience.

“I don’t want to be dependent on drugs or some kind of

mechanical treatment. I watched my mother age…I want to

be more proactive, more involved in my own health.” (partici-

pant number 19019)

Controlling symptoms with chiropractic care. These
older adults emphasized the control of symptoms as the primary
consideration into what makes treatment for spinal conditions
worthwhile, with change in pain being the most cited factor
(n = 45 [90%]). Responses encompassed a broad range of
change in pain, from “less discomfort” (participant number
18089) and “the prospect of some pain relief” (participant number
18537), to a more absolute “make the pain go away” (participant
number 16016). Many participants stated chiropractic care was
“an immediate help” (participant number 18065) in terms of pain
management. As 1 participant noted:

“I just felt perfectly okay the whole week after chiropractic. Like,
‘Oh my, I don’t have a pain in my neck or my lower back.’ It’s
kind of miraculous.” (participant number 17152)

Adjunctive therapies, including heat, ice, and soft tissue massage,
also were beneficial parts of chiropractic care.

“The muscle work has really been an eye opener for me

because I had no idea what kind of shape I was in.” (participant
number 17619)

“Learning that there’s a better way to be adjusted. With the

warm towels. That made all the difference in the world. I mean,

I was just amazed.” (participant number 17946)

Participants referenced global perceived effect (n = 34 [68%]), which
encapsulated a general sense of symptom improvement, described
in the following ways: “if they produce results” (participant number
18828), “when you can see the change” (participant number
17151), “get some relief” (participant number 19402), and “improve-
ment in my physical wellbeing, and how I feel” (participant number
16359). Of note, responses reflected a favorable view of even small
degrees of change in global perceived effect, for example, “If I could
improve, you know, even a little bit, it would be worthwhile” (partici-
pant number 17930). Another participant put it this way:

“The only thing that would really make it [treatment] worthwhile

is if I felt comforted from it, or I had a slight glimmer of hope that

there’s going to be improvement. Otherwise, I don’t see the

purpose in it.” (participant number 19522)

A noticeable change in biomechanical function (n = 27 [54%]) also
made treatment worthwhile, which participants termed as feeling

“more limber” (participant number 15424), “more mobility, move-
ment” (participant number 18108), “keeping the muscles strong”
(participant number 18828), and the ability to “move more with
less discomfort” (participant number 19522). Again, chiropractic
care made an impact on this symptom for many participants.

“I have a lot more flexibility in my neck, since I’ve been receiving

the chiropractic care and massage.” (participant number 18717)

A few participants noted disappointment in not seeing improve-
ments in general perceived effect (n = 4), pain (n = 1), or biome-
chanical function (n = 1). For some older adults, however,
enhanced symptom control led to subsequent improvements in
mobility, including the use of stairs or ability to transfer more eas-
ily, and associated activities of daily living:

“I was able to move a little easier and take the steps a little eas-

ier going up and down.” (participant number 18858)

“I can now get up out of my chair without pushing myself up.

I couldn’t do that before.” (participant number 16773)

Empowered self-management through exercise.
Participants gained a sense of self-efficacy (n = 16 [32%]) for
managing their spinal conditions from working with the chiroprac-
tor, through educational sessions with the exercise therapists,
and in completing home exercises. This newfound confidence
was linked to developing “tools” (participant number 18072) for
self-care (n = 9) and achieving a sense of “empowerment” (parti-
cipant number 16921); “I could do this, I can take care of myself”
(participant number 18316). Self-care knowledge (n = 14) in the
form of ergonomic advice (participant number 16651), instruc-
tional materials (participant number 18708), and having questions
adequately addressed (participant number 18316) contributed to
self-efficacy. These older adults often mentioned the dual themes
of knowledge and self-efficacy as benefits of trial participation:

“I learned a little bit more— being a little bit more confident than

I was before I started. I felt that something maybe was drasti-

cally wrong and that there would not be a chance for any kind

of improvement. But I feel a whole lot better about it, I feel

looser in my movements and more confident of just about any-

thing.” (participant number 15622)

“Knowing I can impact the pain with the exercises really has

made a significant difference.” (participant number 16921)

Participants used what was learned about self-care to view their
spine condition differently.

“Learning with this kind of intense focus what the reality is, in

terms of hopes or expectations, I think I have gotten a little

more realistic in my expectations.” (participant number 15549)
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“Some people love to exercise—God bless ‘em. But a lot of

people don’t and I’m in this ‘don’t like to exercise’ group. This
incentive helps a lot.” (participant number 18828)

Some participants (n = 6) perceived components of the exercise
intervention as unbeneficial generally (“I’m not an exercise per-
son” [participant number 19402]) or specifically (“The treadmill
was just tedious” [participant number 15424]). However, others
viewed the perceived specificity of the exercises for spinal condi-
tions as an asset.

“Most exercises are so general. These were the ones that

attacked my issues.” (participant number 17069)

Trial participation also encouraged accountability and adherence
as many older adults developed new exercise habits (n = 10).

“I think having a set schedule…whereas when I was at home,

I’d maybe do it, maybe wouldn’t do it. I kind of felt obligated.”
(participant number 16359)

“What I liked the most is what I hated the most, which was that I

had to come in every month and exercise. It kept me more

honest—and it’s too easy to let exercising just slide when

you’re in pain.” (participant number 17085)

Health care designed for aging persons. Participants
emphasized their preferences for health care designed with their
needs as aging persons in mind, which included person-centered
care, health care logistics, and the challenges of comorbidities.
Person-centered interactions (n = 20 [40%]) were highlighted,
such as experiencing a “pleasant atmosphere” (participant num-
ber 16359), “feeling comfortable” (participant number 17930),
and “courteous and considerate” providers and staff (participant
number 17809):

“Everybody in their life needs to feel that they’re being cared for,

or that there’s somebody interested in them. I felt that the staff,

all of the staff, whether it’s the front desk, or chiropractors,

were sincerely interested in my well-being.” (participant number

16699)

Another participant described a more transformative experience
with a study provider.

“[Provider] really woke me up. They made me realize that I have

to do this. If I don’t get strong, I’m going to have to have people

come in and do my stuff for me. And I’m not going to want that

because I am a very independent person.” (participant number

18316)

Participants (n = 9 [18%]) described instances in which health
care encounters or study design might be improved, such as “all

the paperwork” (participant number 18690) or random assign-
ment to nonpreferred treatments. Trial logistics proved difficult
for some, such as scheduling and attending visits (n = 4), securing
transportation (n = 10), or financial costs (n = 3). Conversely,
1 participant noted the benefits of compensated trial-related care:

“The chiropractic was wonderful. I had more than I usually have

when I am paying for it.” (participant number 18072)

Participants (n = 9 [18%]) cited comorbidities that limited their
ability to perform exercises and which required individualization.
Competing chronic conditions included hip and knee osteoarthri-
tis, conditions that affect balance (inner ear and ankle injury), and
the use of a stoma bag. Some participants also were hampered
by widespread musculoskeletal conditions.

Participants suspected their complicating health conditions
hindered improvements in their spine concerns. Of note, one-
third of participants (n = 17) did not identify any aspect of trial as
unbeneficial, despite the use of follow-up questions by the inter-
viewers.

“The least beneficial or helpful…least beneficial…I really can’t

think of anything that was least beneficial.” (participant number

19402)

DISCUSSION

This study used a qualitative descriptive approach to illumi-
nate a greater depth of meaning beyond the quantitative out-
comes of an RCT of chiropractic care and exercise therapy for
older adults with chronic spinal disability and placed those find-
ings in broader context of the pain experience and health care–
seeking behavior, as is recommended for studies of complemen-
tary and integrative health interventions (30). This perspective is
particularly important in studies of older adults, who may delay
care seeking for spinal conditions due to perceptions about the
inevitability of pain with aging, the futility of treatment, or fears
about medication or surgery (25,35). Although the primary results
of the RCT did not favor one duration of intervention over the other
in terms of disability, the participants placed significant value on
improvement in pain, function, and self-efficacy, secondary out-
comes that favored the long-term management group. Further,
the quantitative improvements in self-efficacy measures were
echoed in the participants’ interviews. These older adults
described newmotivation and accountability for engaging in exer-
cise that empowered their sense of confidence in self-managing
their chronic spine condition. In addition, participants learned they
could benefit from chiropractic care to control spine symptoms
(particularly pain) that can impede exercise. The trial results,
paired with the qualitative experiences of trial participants, sug-
gest that ongoing care that combines chiropractic and exercise
therapy may be a more effective, and meaningful, strategy for

MAIERS AND SALSBURY1938



managing chronic spine conditions in older adults, as compared
to short courses of episodic care, which is a new contribution to
the literature.

The metaphor of a peanut butter and jelly sandwich emerged
from the insightful descriptions of 1 participant to describe how
patient preferences and unique considerations for spinal care in
older adults (the bread) surround and contextualize experience
with care (sandwich fillings) (Figure 2). “Like peanut butter and
jelly” is a phrase used to denote a complementary relationship
between two things. Chiropractic care, represented by the jelly,
was commonly seen as helping to achieve pain relief. The allevia-
tion of pain enabled many participants to more actively engage in
the exercise component of treatment, depicted as the peanut
butter, which was viewed as important for long-term self-efficacy.
Both treatments were beneficial in their own way, with the combi-
nation of the two viewed as providing added value for this patient
population. Optimized spine care for older adults might adopt
similar multi-modal approaches as were delivered in the parent
RCT, consistent with systematic reviews and best practice guide-
lines advocating the use of SMT and exercise in combination
(14,36,37).

Conservative, non-pharmacologic interventions, including
exercise and manual therapy, have been demonstrated to reduce
fear and kinesiophobia (38) in adults with chronic low back pain.
Participants in this study emphasized the importance of know-
ledge and self-efficacy for their ability to manage spinal disability.
This qualitative theme aligned with findings from the parent RCT,
which reported greater improvements in self-efficacy among
those receiving longer-term management at both the primary
end point (36 weeks) and final follow-up (52 weeks) and less
regression to the mean at the conclusion of treatment. Pragmatic
elements of the trial, including patient-centered interactions with
providers, exchanging information about diagnoses and treat-
ment, and emotional support were frequently noted as favorable
aspects of care and may have encouraged increased self-effi-
cacy. These variables intersect with the known emotional and
social impact of back pain in older adults, who often experience
isolation, fear, and a loss of hope for pain relief (25). Strategies to
address patients’ illness representations and self-efficacy are
important targets for ongoing research and clinical interven-
tion (39).

By trial design (27), the chiropractors and exercise therapists
had more opportunity to reinforce home exercise, assess adher-
ence to the regimen, and hold participants accountable for
engaging in self-management with the longer-term management
group. Exercise program adherence is a predictor of improved
back pain in older adults (40), but how best to support adherence
in this patient population is less understood. Exercise motivators
including enjoying exercise, wanting to establish an exercise rou-
tine, desiring interactions with other people, lack of program fees,
program location (40,41), and positive perceptions of exercises
therapists, many factors mentioned regarding the exercise

component of the parent trial. Conversely, barriers to exercise,
such as financial costs, transportation, scheduling, and co-
morbidities (42,43), also were identified as negative aspects of
trial-related treatment and may have impacted fidelity to study
interventions for some participants. Future trials should be mindful
to accommodate these needs among older adults and persons’
decreased functional independence, and consider including
these individuals when designing recruitment strategies and
active care interventions, as these patient populations remain
under-represented in clinical trials for spine-related disability (44).

During interviews, this sample of older adults reported that
change in pain, rather than in disability (the primary outcome),
was the most common factor for considering whether treatment
was worthwhile. Note, each of the 10 questions in the Oswestry
Disability Index refer to pain, illustrating the intricate relationship
between the two outcomes. Improvement in function is often
achieved through reductions in pain, and these participants indi-
cated that a reduction in pain through the chiropractic care facili-
tated their ability to engage in physical activity. An important
finding in our study was that even small changes in pain were
important for these participants. This finding may conflict with
the generally accepted criteria of 30% to 50% improvement in
pain as being a clinically important difference. It is possible that
the thresholds for clinically important change in pain and function
fail to reflect the values of an older adult population. Further,
patient-reported outcomes frequently used with chronic pain
patients may not prioritize the concerns of older adults, such as
biomechanical function, mobility, activities of daily living, and
global improvement, which were emphasized by our participants.
Secondary outcomes from the trial indicated that participants
receiving longer-term management experienced greater improve-
ments in neck pain, function, and balance, which suggests inter-
ventions that may reduce fear of movement and enhance
stability are of particular importance (10). To be effective, it is
important that treatment empowers functional ability of older
adults, is not seen as a threat, and honors their identity and
agency (45).

This study may be limited by its sampling. We analyzed
50 transcripts (29%) from a random sample of 171 older adults
who completed interviews in the larger RCT, a methodological
decision based on our experience conducting qualitative data
analyses within clinical trials (31,32,46). While saturation of
themes relative to each domain of interest was reached with this
sample, these results may not be representative of all older adults
with spine-related pain and disability. These findings may be most
transferable to community-dwelling older adults who live in high-
income countries and those who experience moderate levels of
chronic pain and spine-related disability. However, older adults
with more significant disability, those with restricted access to
health care or other resources, and individuals who reside in
assisted living, institutional settings or low- and middle-income
countries may demonstrate important differences in their
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perspectives about what makes health care worthwhile in the
context of spine-related disability. Our sample was predominantly
female and overwhelmingly identified as white, reflecting demo-
graphics of the parent RCT but possibly further limiting
transferability.

In conclusion, participants’ unique values and experience
provide important context for interpreting the results of clinical tri-
als. Importantly, they may aid in the clinical application of study
findings, elucidating patient beliefs and features of treatment that
could be emphasized to create the experience of worthwhile care.
Patients’ perceptions may also inform future, much needed
research to identify safe and effective treatment options for spine-
related pain in older adults.
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